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ABSTRACT

The published papers and accompanying essay which constitute
this doctoral thesis examine a number of key UK macroeconomic
relationships using modern econometric methods. Aggregate
labour demand and supply schedules are estimated on both
inter-war and post-war UK data. The use of a consistent
theoretical structure enables comparisons of parameter estimates
to be made between the two periods. Labour participation data
are analysed by sex and age in the context of the retirement
decision. The determination of multilateral exchange rates
and UK imports are also investigated. In each area of
application, the empirical model was identified using dynamic
econometric methods and with the aid of various specification
tests. In general, the resulting models offer a superior
explanation of the relevant economic data than was previously
available. In certain cases, this has implications for the

conduct of national economic policy.



PART ONE
THE APPLICATION OF MODERN ECONOMETRIC

TECHNIQUES TO THE ANALYSIS OF UK

LABOUR MARKET AND INTERNATIONAL RELATIONSHIPS:

AN INTEGRATIVE ESSAY



CHAPTER 1 INTRODUCTION

The main objectives of this introduction are first, to
define the areas in which it may be contended that this
research is original and second, to identify my own
contribution. After discussing these in more detail,

the structure of this essay will be mapped out.

The most persuasive argument for the originality of the
body of the research submitted is that seven of the nine
papers have been published in reputable journals or in
book form. Of these seven, Papers 7 and 8 were invited
papers, the others being anonymously refereed. Of the
two, as yet unpublished papers, Paper 6 has been refereed

for the Journal of Economic History and approved subject

to changes in the style of the paper. The remaining paper
entitled "Estimates of a 3-sector model of the UK labour
market' was being prepared for submission to a journal

in 1982. Unfortunately, a very similar but entirely

separate paper, written at the Centre for Labour Economics

at the London School of Economics.reached publication
stage first. Paper 2 is included only because it

complements the earlier labour market paper.

Turning to the content of the papers, one general point
is in order. Many of the papers employ a simplistic
neo-classical demand-supply framework, sometimes referred
to as a "textbook" framework. This choice is deliberate
and fundamental to the nature of the aggregate empirical
research. The most obvious example is with regard to

the labour market and in particular the model defined

on pages 255 and 256 of the article in Oxford Economic
Papers. It is plain that the originality of this paper
and of several others lies not in its theoretical

content but in the application of the model to the data.
This is not to say that originality may not be identified
in the use of supplementary arguments within simple
models. The use of the female participation ratio and

a measure of other employment costs are possible examples

of this in the 1982 article. Nevertheless such enhancements
8



to the textbook model would scarcely qualify for
publication in their own right. 1In all the papers on
the labour market, excluding the book chapter on labour
supply incentives, it is arguable that their originality,
as well as most of the effort, lies predominantly in

the empirical work.

Arguably, the element of original thought is greater in
the papers concerning the theoretical monetary model

of exchange rate. In the 1981 Oxford Economic Papers

article, the integration of various theories of sterling
behaviour into a coherent framework is highly innovative
and particularly so in its specification of the effects
of North Sea oil on the exchange rate. Once again, the
empirical dimension is necessary to attempt to evaluate

the strength of the various arguments.

The longest paper in the submission is the chapter on
labour supply incentives published as Chapter 6 of
"Work, welfare and taxation", This paper, although
containing econometric estimates like the others,
differs from them in character. Developing the concept
of the budget line to the individual's years of work
decision and comstructing elaborate computer programs
to enable the relevant decision paths to be evaluated
represented a considerable departure from my other
empirical research. On a conservative estimate, over
twelve months' effort was dedicated to this piece of
work alone.

It is in the nature of model-related research that

much of the work is jointly prepared. This submission
contains seven such papers. I have approached all the
individuals concerned and they have agreed the following
percentages as my shares of the relevant papers. All
the empirical work contained in the shared papers was
my sole responsibility .except in the case of Paper 3,
for which further explanation is given below. For

the four papers shared only with Professor Beenstock



(Papers 1, 5, 6 and 9) the empirical work represents
approximately 752 of the total effort. Regarding Paper 7,
Professor Budd has estimated my percentage of the work

at 60%. For Paper 8, I contributed about 40%. Paper 3
was the culmination of over three years of ongoing
research. Whilst the proportion of the paper which

could be directly attributable to me is probably less
than 25%, I would claim a much larger share of the
underlying effort over the life of the project.

The remaining part of this essay concerns the methods

of empirical investigation used (Chapter 2), three chapters
on the key areas of the empirical applications and a
summarising chapter (Chapter 6). The contributions
relating to the post-war labour market and the inter-war
labour market are grouped separately in Chapters 3 and 4.

Chapter 5 contains the work on exchange rates and UK imports.

10



CHAPTER 2 MODERN METHODS OF EMPIRICAL INVESTIGATION

In this chapter some of the landmarks in the development
of econometrics must be chronicled in order to place the
empirical work in the published papers in its proper
context. We may loosely define econometrics as the art or
science of applying statistical methods to the analysis of
economic data with a view to verifying or falsifying
economic hypotheses. By comparison with most branches

of economic thought, the subject of econometrics is still
in its adolescence. This was illustrated quite neatly by
the recent publication of a paper entitled "The develop-
ment of British econometrics* 1945 -1985", by Gilbert
(1986). Before 1945 it may be reasonably asserted that
econometrics consisted almost entirely of items stolen
from Biometrika and The Joyrnal of the Roval Statistical
Society. The closing date, 1985, is likely to signify no
more than a staging post in the development of a subject
which has a burgeoning literature. During the eight years
which span the work described in the research submitted
here, econometrics has received many important contributionms.
Interestingly, the majority of these have emanated from
the United Kingdom rather than from across the Atlantic.
Gilbert's paper highlights the contributions of the
Department of Applied Economics at Cambridge in the 1950s
and 1960s and, more recently, the ascendancy of the London
School of Economics.

My own interest in economics stems from the taught MA course
at Warwick Universtiy from which I graduated in 1975. As

a part of my MA thesis I examined for the first time a
macroeconomic model (that of the London Business School).
One of the striking features was the apparent disregard of
severe econometric problems such as autocorrelation and
multilinearity in a large number of the equations. During
the three years which followed, dissatisfaction with the
conduct of empirical research became widespread, and
reached a crescendo in 1978 when the Social Science Research
Council insisted that the major modelling teams engage
econometric consultants to advise them., The London Business

*chiefly, time-series econometrics
11



School approached David Hendry, then of the London School
of Economics. He attended regular sessions and gave
instruction in what might now be termed the "modern methods
of empirical investigation". These techniques will be
summarised below, where only the main references to the
literature will be given. It is convenient to describe-
the methodology under four headings. First, general

to specific modelling; second, dynamic econometrics; third,
the treatment of serial correlation; and fourth, other
diagnostic tests. '

2.1 General to specific modelling
Mizon (1977), in a contribution entitled '"Model selection
procedures", contrasted two extreme approaches to
testing an economic hypothesis. The first, which was
widely used at that time, is to model an econometric
relationship beginning from a specific dynamic form.
Then the investigator would test for the valid inclusion
of other lagged variables until, on some arbitrary
criteria, the model could not be improved by further
addition or removal of variables. The beauty of this -
approach, to those who used it, is that the initial
specification of the model is not particularly important;
its deficiencies are revealed through the process
of experimentation. The drawback to this method is that
the significance of a newly introduced variable in the
multiple regression is conditional on the set of
previously included variables, Thus the same variable
may be deemed worthy or unworthy of inclusion depending
on the particular sequence of experiments undertaken,
By definition, this introduces a large degree of

ambiguity to the "specific to general™ modelling
selection method.

The diammetrically opposite modelling strategy is the
"general to specific” method in which the largest

number of potential regressors that can be accommodated
are included at the outset. However, once selected,

no additional variables are included in the

general regression. The model selection procedure is

12



2.2

simplified enormously as successive coefficient restrict-
ions may be tested, individually and serially, proceeding
from those most likely to be admissable on some bench-
wmark condition (for example, a t-statistic equal to
unity), to those least likely, Whilst it is not strictly
correct to say that each general specification yields

a unique optimal form, the scope for ambiguity in the
model selection procedure is greatly reduced. Hendry

and Mizon (1980) have advocated the "general to specific"
approach not only for this reason, but also in

reaction to the criticism, made by Leamer (1974, 1978),
of the protracted specification searches inherent in

the other approach.

One problem that has arisen, especially in relation to
annual data, is the paucity of degrees of freedom,

and hence the restrictiveness of the initial general
form. In such circumstances, a certain eclecticism
may be justified, and a combination of the two polar
methods used.

Dynamic econometricsg
In Davidson, Hendry, Srba and Yeo (1978), Hendry (1979),

Hendry, Pagan and Sargan (1984) and, most recently,
Hendry (1986), can be found all the central ideas

of dynamic time-series econometrics. This methodology
is appealing to economists because it permits statements
about the relationship between variables in equilibrium
to be embedded in dynamic equations without implying
instantaneous adjustment to that equilibrium., This
introduces the notion of an error correction mechanism,
that is, one in which outstanding disequilibrium is
progressively eliminated, and is inherited from control
theory. Salmon (1982) catalogues the characteristics
of error control mechanisms. The use of error correct-
ion methodology has aroused some controversy with
regard to the interpretation of the resulting static
and steady states. Currie (1981) has argued that
restrictions must be placed on the dynamic structure

of equations to prevent high order difference terms

13



2.3

entering the steady state. In reply, Patterson

and Ryding (1984) show that the application of such
restrictions results in markedly inferior estimated
equations and conclude that such restrictions are
undesirable. 1In his later contributions, Hendry is

at pains to re-establish predictive failure as a key
criterion for model selection. No matter how plausible
or implausible is the dynamic structure of an
equation, if its performance outside its sample period
is incongruent with its performance within, then the
model should be rejected.

Treatment of serial correlation
It is probably no exaggeration to say that serial

correlation was the scourge of empirical time series
modelling until the mid-1970s. The typical investig-
ator of that period quoted a Durbin-Watson statistic
for first order autocorrelation and breathed a sigh

of relief if its value was tolerably close to 2. If

it were not, then a Cochrane-Orcutt correction or
first-difference operation might be applied as a

token gesture. Hendry and Mizon (1978), following
Sargan (1964), cast the problem in a new light by
demonstrating how autocorrelation was often a sign

of misspecification, and the adoption of a more general
dynamic form would usually eliminate the problem and
enable more reliable perameter estimates to be obtained.
As more attention was paid to residual autocorrelationm,
so better diagnostic tests emerged, of which the most
stringent has proved to be the Lagrange multiplier
test statistic, developed by Godfrey (1978). As

such tests have been included in popular econometric
software packages, so their use has grown, and with

it the understanding that the first element in the
correlogram is not the only one that should be

checked. In the context of modern empirical work, it
is now quite rare to see equations estimated with
Cochrane-Orcutt corrections, giving encouragement

to the view that most of its early use was necessitated

by dynamic model misspecification, In all uses of

14



2.4

single equation time-series regressions in the
submitted papers, tests for autocorrelation are

carried out.

otl T .

Whilst residual randomness is the most frequently
violated assumption of the general linear model,

the application of other assumptions should be
verified, namely, homoscedasticity and statistical
normality. Hendry (1986) includes a list of five
specification tests, other than for autocorrelation,
which constitute a thorough examination of the

data. coherence and durability of a single equation,
Some of these tests have not yet won universal
acceptance and, since some are relatively new, neither
are they to be found in the econometric estimates
reported in the submitted papers. However they
constitute an example of the rigorous multidemensional

approach which characterises the modern methodology.

i) F-test of functional form mis-specification

heteroscedasticity, White (1980)

ii) F-test for Autoregressive Conditional Hetero-
scedasticity (ARCH) of a given order, Engle (1982)

iii) Chi-squared test for residual normality, Jarque
and Bera (1980)

iv) Chow-test of perameter constancy over a given
number of extra-sample observations, Chow (1960)

v) F-test of a restricted against the general
unrestricted model.

Gilbert (1986) attempts to summarise the current state
of the art (or science) although he acknowledges the
inherent dangers of defining a concensus position.

His five postulates provide a succinct summary of

what I have dubbed in this essay the "modern methods
of empirical investigation".

i) The data gemerating process underlying a data
set is never knowm. Applied econométrics is

therefore in part a process of discovery, and
15 '



all proposed models must be presumed to be
misspecified.

ii) Applied economists should aim to provide
structural models which may be taken as
approximations to the unknown data generating
process.

iii) Restrictions derived from economic theory
will typically relate to the equilibrium
solutions to these models, rather than to the
short term dynamics. Such restrictions may
frequently be imposed and tested within an
error correction framework.

iv) Any proposed model must be tested within and
outside the sample. One needs to ask whether the
model adequately characterizes the data, and
also whether this characterization is superior
to that provided by a rival specification.

v) Equation specification should be conducted by
testing alternative simplifications against a
common nesting maintained hypothesis. Tests may
be carried out using standard classical statist-
ical procedures, or straightforward generalization
of these procedures. "

Gilbert (1986) pp40,4l.

In the next three chapters, varying vintages of this
methodology have been applied to the UK labour market,
the determination of multinational exchange rates
and UK imports of goods.

16



CHAPTER 3 APPLICATIONS TO THE POST-WAR UK LABOUR MARKET

Four of the nine submitted papers fall into this category.
"An aggregative model of the UK labour market", for which
work began in 1978, was accepted for publication without
revision in 1980 but was not published until 1982. This
paper derives reduced form econometric estimates for

the aggregative non-government sector of the UK economy
on annual data. The next paper to be written analysed

a three-sector model of the UK labour market, in
analogous fashion to the aggregate model, but using
quarterly time series data. Most of the work was carried
out in 1981 and the final draft was prepared in early 1982.

During the period January 1982 to April 1986, Professor
Beenstock and I were engaged in an innovative macro-
economic modelling project which gained the support of

the (then) Social Science Research Council from October 1983,
The novelty of the model was to be the inclusion of a
production function for the business* sector of the economy,
This required a consistent and simultaneous framework

of structural equations to be estimated for the constituent
factor markets. Our first attempt at a structural
empirical analysis of the UK labour market was Beenstock
and Warburton (1984), a paper which was presented to the
Association of University Teachers of Economics (AUTE)
conference of that year. From the critical comments which
were received it was apparent that this paper would

require substantial revision before it would be ready for
publication. A truncated and revised version of the

labour market analysis is presented within the third
submitted paper, "A macroeconomic model of aggregate supply
and demand for the UK", published in Economic Modelling in
October 1986. Ironically, to find a detailed published
description of our labour market model, one must look to
the analysis of UK econometric models by the Economic and
Social Research Council (ESRC) Macroeconomic Bureau at

*the business sector is defined here as the private sector plus
elements of the public sector which sell goods and services on
a pseudo-commercial basis.

17



Warwick University. Andrews and Whitley (1984) and Andrews,
Bell, Fisher, Wallis and Whitley (1984) provide the best
examples.

The fourth submitted paper, the chapter from the book
"Work, welfare and taxation'", contains an empirical section
on labour market participation by age and sex using annual
UK data from 1966. These estimates complement the sex-
dissaggregated labour supply equations which are contained
in Beenstock and Warburton (1984), The substance of the
fourth paper pursues detailed microeconomic issues relating
to the work-retirement trade-off for men aged 50 and above,
A discussion of this microeconomic work would be out

of place in this unifying essay for obvious reasons. As
stated in the introduction to this essay, this portion

of work is different in character and should be judged on
its own merits.

In the remainder of this chapter, I shall attempt to
synthesise the results from all the empirical work on the
post-war UK labour market, drawing on some other
unpublished work as well as from the four submitted
papers. The two reduced form studies will be discussed

together and afterwards, the various structural estimates,

3.1 Reduced form estipates

Table 1 summarises the main results from the two
earlier papers on the UK labour market, in terms of
their reduced form stationary states. The equations
in part A of the table satisfy the theoretical
requirement that the set of arguments should be
common to both the quantity and price specifications.
The first appealing feature of the aggregate model
is the sign conformity of the implied static
coefficients. Whilst output, other employment costs
and the proxy for the real cost of capital, RRD, ‘
represent demand shocks and therefore disturb both
employment and real wages in the same direction, the

18



Table 1: Reduced-form stationary state solutions for
employment and real wages

A. Beens and Warburto s - e
annual data 1948-1977,

L =0.47Q + 0.28 POP + O,62FEM - 1.570EC + O.14RRD -~ 0.015T + 9.91
RW = 2,15Q - 3.68 POP - 2.93 FEM - 2.290EC + O.15RRD + 0.018T + 17.90

Souvrce: Table 2, equations 5L and SW.

B. Warburton (1982): UK three sectors, quarterly data 1963-198

(i) Manufacturing

L, - 0.47Qn + 1.0POP - 0.24 RERm - 0.18RW'n - 0.021T - 3.28

RW_ = 1.0 Q, - 1.0POP - 0.08 RER_ + 0.009T + 5.20
(ii) Primary and grivaté tertiary

L, = 0.24Q_ + 1.0POP - 0.004RIR =~ 0.17 BEN - 1.76
RV = o.zs(wn/rr) +1.23Q, - 0.004RIR_ - 2.37

(iii) General government '

L . 1.0C_ , 1.0POP - 0.10u + 0.004T - 10.03
W =1.0W_ =~ 0.050EC - 0.12

g m

Source: Tables 2, 3, 4B, 5, 6 and 7.

KEY: L : Employees in employment
Q : Output index

POP . Population of working age

fEM : Female participation ratio

OEC : Index of other (mon-wage) employment costs

RRD : Real rate of interest allowing for depreciation
T ¢ Time trend

RW : Real wage index

RER : Real exchange rate

RIR : Real interest rate :

BEN : Real rate of unemployment / supplementary benefit
C : Real general government expenditure on wages and pensions
u : Unemployment percentage rate
W : Nominal wage index

P.s Retail price index

Subscripts m, r and g refer to manufacturing, primary and
private tertiary and general government, respectively., All
variables are expressed in logarithmic form except the time trend.

19



two demographic variables correspond to supply shocks
and induce opposite movements in employment and

real wages. What is particularly pleasing is that

if (expected) output were 1% higher, ceteris paribus,
the real wage bill would also be (0.47)(2.15)=1.01% higher,
implying stable factor shares. The two chief
objections to this reduced form model are first, that
output, Q, can only be regarded as exogenous in the
very short run and second, that the model is under-
identified in terms of the underlying structural
parameters. The first objection points to the need
for some form of instrumental variable or simultaneous
equations approach and the second towards direct
structural estimation. These aspects will be taken
up in the context of the third submitted paper.

The task attempted in the three-sector model was rather
more difficult than in the aggregate model. By
contrast the estimates in Part B of Table 1 are

less descriptive and correspond less closely to the
theoretical blueprint. However, a number of similarities
between the two can be observed. Output, understood

in the sense of demand, is an important factor in

each sector. The output effects on wages are transmitted
through the manufacturing sector equation to general
government wages. Population effects are present
throughout, but coefficients have been constrained to
unity in the employment equations due to the lack of
independent variation of the demographic variable

in the shorter sample period. Confirmation of the
importance of real exchange rate movements for
manufacturing and real interest rates for distributive
and service industries was encouraging. These results
were obtained without the aid of the dramatic exchange
and interest rate changes during 1980 and 1981.
Unfortunately, as the paper notes, the degree of
employment loss was so large in this period, relative
to the previous fifteen years, that the parameter
estimates are subject to a large increase in their
absolute magnitudes when these data are included., This

20



3'2

episode of predictive failure has caused enormous
difficulty to all modellers of the labour market

and the problem has only properly been overcome

with the benefit of hindsight and three or four more

years of information.

Three main conclusions emerge from the reduced form
estimates. Firstly, that the evolution of employment
and real wages in the post-war period cannot be
understood solely in terms of the arguments of the
demand for labour schedule, Demographic and other
supply factors have also exerted important influences.
Secondly, that it is unfeasible to characterise the
labour market as being in continuous equilibrium,
Thirdly, that the decision to exclude general government
from the aggregate model appears to be vindicated.
Whilst government wage behaviour may mimic that of
the private sector over the longer term, there is

no doubt that public-sécter pay is far more vulnerable
to manipulation in the form of explicit or implicit
incomes policy. Public sector employment appears

to be almost completely unresponsive to private

sector influences. This conclusion may go a long way
to explain the differences between our own work and
that of Professor Stephen Nickell and Martyn Andrews,
both then of the London School of Economics. This
issue will be developed below,

Structural estimates

In theoretical terms, structural estimation is
strongly preferred to reduced-form estimation by the
applied economist. The identification of structural
parameters, together with their estimated significance
levels, -and the freedom to test the various mechanisms
of price adjustment are high on the list of
advantages. The age-old problem of identifying

demand curves and supply curves when only the

actual prices and quantities are available prevents
structural estimation from being an easy option.

21



The economists in the Centre for Labour Economics
have adopted a halfway house position in their analysis
of the labour market. They regard the wage as the
outcome of some form of bargaining model in which

a variety of demand and supply arguments are
admissible as proxies for unobservable theoretical
constructs . Hence the wage equation can be regarded
as a quasi-reduced form. Conditional on the wage
bargain, employers are deemed able to choose their
desired level of employment for a particular time
period in relatively unconstrained manner. The
observed level of employment can therefore be
regarded as equivalent to the demand for labour and
econometric estimation can proceed. Labour supply

is invariant to changes in tax and wage rates, and
hence the unemployment in their model arises largely
as a result of deficient labour demand.

The insight gained from our experiments with the
reduced forms guided us towards a different theoretical
framework from that used by Nickell, Andrews and
Layard. Rather than a sequential decision-making
process, and eapecially since these models were to be
estimated using annual data, it was felt over-restrictive
to disallow an interaction within a given year between
labour demand, labour supply and the real wage. The
framework which has been used in the City University
Business School (CUBS) model paper and elsevhere,
permits the issue of the speed with which unemployment
disequilibrium is eliminated to be determined
empirically. In order to define unemployment
disequilibrium, it is obviously necessary to employ
some notion of a "natural" or "equilibrium" unemployment
rate. This is a highly emotive concept and one

which, sadly, has created obstacles to the publication
of this work in the UK. In our model, a natural, but
not fixed, unemployment rate is implicit in the

wage equation. The dynamics of the labour market
system may be understood in the following way.
Independent labour demand and supply schedules combined
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with the embedded natural rate function implies a steady
state growth path for real wages conditional of the levels
and growth paths of all the constituent arguments

of the model. When the observed unemployment rate
exceeds the natural rate, the form of the wage

adjustment equation allows the actual growth of

real wvages to fall, stimulating faster demand growth

and lower supply growth. With an unspecified lag

length, the observed unemployment rate falls back to

its natural rate and the real wage returns to its

steady state growth path, The empirical model consists

of three behavioural equations which are jointly
estimated using Three-~Stage Least squares. The

results for each will be discussed briefly below.

As far as the labour demand equation is concerned,
qualitatively similar results to those obtained by
Symons (1985) for manufacturing and Nickell and

Andrews (1983) for the whole economy were achieved.

A real wage elasticity close to (minus) unity is

the most notable feature. Our results differ from
Symons' in that we were unable to accept the restriction
that the coefficient on energy costs was equal to that of
other input costs. Energy costs, deflated by factor
cost output prices, exerted a powerful negative effect
on labour demand in our work. The major departure

from the most recent estimates by Layard and Nickell (1985)
occurs with regard to the introduction of additional
indicators of demand in the specification under the
banner of "imperfect competition". Specifically,
aggregate demand indicators were found to offer a

means of avoiding the predictive failure of the model

in 1979-1981. Quite apart from the methodological
objections concerning the use of additional measures

of demand, such as the real exchange rate and the
adjusted budget deficit, there appears to be an

element of tautology in using the budget deficit to
explain the fall in employment. As mentioned above,
Nickell and Andrews' results must also be viewed with

caution in relation to the inclusion of the unresponsive
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government sector in their aggregates. When their
aggregate demand indicators were added to our model,
covering the business sector of the economy, only

their world trade variable proved significant.

The supply equation, defining supply as total
employment plus registered unemployment, is aggregative
in the CUBS model paper, but our preference is for
the disaggregation by sex, as in Beenstock and
Warburton (1984). There, the dichotomy between the
male and female real post-tax wage elasticities is
explicit. Whereas the male elasticity was found to
be insignificantly different from zero, for females
an elasticity of between 0.3and 0.5 was estimated,
The average elasticity of 0.097 on page 254 of the
CUBS model paper masks this dichotomy. There is
also an age dimension to labour supply real wage
elasticities. On page 194 of "Work, welfare and
taxation", the addition of the parameters ¢3 and x,
represents the term in real wages for males and
females aged over 45. Whilst the coefficients are
generally much more significant for women than for
men, there is a tendency for the wage incentive to
weaken as age rises,

Finally, the wage adjustment equation revealed a
markedly slow speed of elimination of the difference
between the actual and natural rates of unemployment.
This is unsurprising to the extent that many other
studies have suggested that the labour market reacts
only slowly to price shocks. It may alternatively
indicate misspecification of the implicit natural
rate function which eontains a real benefit term
and a proxy for structural change. However, a wide
variety of other suggestions have been unsuccessfully
incorporated, and no effort has been spared in seeking

to ensure that all important variables have been
included.



In conclusion, the application of modern econometric
techniques to UK post-war labour market data has yielded
new insights and given rise to the '""real wage debate" at
national policy-making level. The Treasury's working

paper (1985) was unprecedented in its forthright acknowl-
edgement of a relationship between real wage costs and
future employment levels. However, various problems

remain. The instability of parameter estimates, partic-
ularly in the labour demand equation, continues to

cause concern. The recent sharp fall in the cost of energy,
between November 1985 and April 1986, will ultimately
provide a good test of the repairs made to the specification
following the oil price rises of 1979 and 1980. Measure-
ment problems are another area in which the usefulness of
quantitative research has been diluted. The repeated
revisions to employment and especially self-employment, the
numerous changes of definition for unemployment and the
difficulty of making proper allowance for the increase in
part-time working, all require detailed consideration

in future work.
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CHAPTER 4 APPLICATIONS TO THE INTER-WAR UK LABOUR MARKET

The background to the two contributions which relate to

the inter-war period lies to some extent in the remit
received from the Economic and Social Science Research
Council. It was agreed with them that, given the

shortage of degrees of freedom in the post-war period
alone, it would be a useful exercise to attempt to

validate the post-war labour market model using a

larger data set. It was soon discovered that the inter-war
period, despite the wide availability of the relevant

data, suffered from its own shortcomings. The most
annoying of these was the absence of a consistently

defined wholesale output price index throughout the

period 1921-1938. An appropriately defined series for wholesale
prices was not published until 1930. A further limitation
of the data was the disruption to the data for 1921 and
1922 caused by the post-war inflation. This rendered

the effective sample period extremely short, and this

lack casts a long shadow over the reliability of all
inter-war econometric work.

"Wages and unemployment in inter-war Britain" was written

in 1985 after a paper by Beenstock, Capie and Griffiths (1984)
had rekindled an old debate regarding the causes of the
economic recovery which began in 1932, Dimsdale (1984)

was particularly dismissive of the Beenstock et al (1984)
argument that the behaviour of real wages played a critical
role in the recovery. Beenstock and Warburton (1986a)

was written originally to examine the data more rigorously,
following Dimsdale's article,and to present econometric
estimates for the first time. The first paper stopped

short of describing a justification for the real wage
behaviour in the inter-war period. It merely analysed

the respective roles of aggregate demand variables on

one hand, and real wages and the rate of capital accumulation
on the other. A second, as yet unpublished paper, entitled
"The market for labour in inter-war Britain" includes
estimates of real wage behaviour and integrates this

with the evidence from Beenstock and Warburton (1986a).
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To a very large extent the data are modelled in an
analogous fashion to those of the post-war period.

The remainder of this chapter is devoted to highlighting
the similarities and contrasts between the inter-war

and post-war econometric estimates and to a brief
summary of the conclusions from the whole of the inter-

war research.

Part A of Table 2 reveals unit wage elasticities for
inter-war manufacturing employment and post-war business
sector employment, but much lower elasticities for

the inter-war whole economy. The discrepancy may be
attributed to the unresponsiveness of the included
government sector, but it is more likely that the

price deflator is deficient as a measure of the cost of
output. Estimates of the capital stock for manufacturing
are based on somewhat cavalier assumptions in the
inter-war period and this may explain why a time trend
performs better. Otherwise the capital coefficients

are of a similar order. Whilst real emergy prices display
the anticipated negative sign both pre-war and post-war,

a persistent positive effect is estimated for real non-
energy materials prices, The most likely explanation

for the sign arises from the predominance of domestically
produced intermediate products over imported raw materials
within the category. Insofaras intermediate products
embody domestic value added, substitution of own labour
for bought-in labour is feasible. Opportunities for
energy or raw material substitution, on the other hand,
are negligible. The addition of the real momey supply

and world trade variables, reflecting an imperfectly competitive
characterisation of the economy, improved specifications
of labour demand in both time periods.

The comparison of the labour participation equations for
the pre-war and post-war years, shown in Part B of Table 2,
reveals similar real wage elasticities. The functional
form adopted in both studies provides for the real wage

elasticity to attentuate as participation rises. Labour
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Table 2: Comparison of estimated elasticities from

inter-war and post-war labour market models

A Labour demand (proxied by actual employment)

Inter-war Post-war

1) (2) 3 (4) (5)
Real wage -1.10 -0.37 -0.17 +0.92 -1.16
Capital stock ® 1.17 0,69 0.65 0.80
Real energy prices -0.30 - - -0,16 -0.08
Real materials prices 0.39 - - . 0.47 0.34
Real money stock - - 0.21 - -
World trade index - - 0.11 - 0.20

*The capital stock is approximated by a time trend in this equation

Sources: (1) Beenstock and Warburton (1986a) Table 1 col.3,

manufacturing sector

(2) Beenstock and Warburton (1986a) Table 2 col.2,
whole economy

(3) Beenstock and Warburton (1986b) Table 2
whole economy

(4) Beenstock et al (1986) p252, business sector

(5) Unpublished estimates by Ordinary Least Squares,
business sector

B Labour supply
Inter-war Post-war
(6) (7) % (8)
Real post-tax wage ‘0.52 0.19 0.10
Population of working age 1.00 1.00 1.00
Unemployment rate -0.36 -0.26 -0.92

**Equation (7) includes the "burden of proof" dummy variable,
whereas equation (6) does not

Sources: (6) Beenstock and Warburton (1986a) Table 3 col.2
(7) Beenstock and Warburton (1986b) Table 2
(8) Beenstock et al (1986) p254

C Implicit natural rate of upemplovment

Inter-war Post~war

9 (10)
Real benefit rates 0.13 0.13
Structural change proxy 2.49 1.73
Inflationk#* -1.23 -0.78

**%Inflation is measured using an output price index in the inter-

war estimated, but using a nominal wage index for the post-war
period

Sourcesa: (9) Beenstock and Warburton (1986b) Table 2
(10) Beenstock et al (1986) p252
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participation, particularly of females has recorded much
higher levels in the post-war period. Charts of labour
participation for certain age-groups are shown on

pages 191 and 192 of "Work, welfare and taxation'". The
larger "discouraged worker" effect in the post—war

estimate suggests either a change of attitudes to unemploy-
ment or that the crude unemployment rate is not

capturing the effect properly.

Perhaps the most surprising result appears in Part C of
Table 2 where the similarities of the parameters of the
implicit natural unemployment rate function are remarkable,
considering its tentative foundations., The structural
change proxy, which standardises changes in the employment
share of the industrial sector relative to the whole
economy, performs the valuable task of sterilising the
effects of rapid employment change on real wages.,

It recognises that labour cannot move freely or quickly
from heavy industrial occupations to white-collar

clerical ones. The adjustment period is likely to

be protracted and during this time real wages may be
relatively unaffected by unemployment of a structural
nature.

That real wage growth appears not to be homogeneous of
degree zero with respect to inflation, is to be expected
in the inter-war period. To observe a similar result

for the post-war period provokes a certain amount of
dismay, although the parameter estimate was very well
established. The favoured interpretation is that

high inflation rates carry with them greater risk of
negative real wage growth, and this induces risk-averse
workers to accept wage offers more readily when inflation
is high. In other words, the inflation rate can be viewed
as a proxy for the variability of inflation, with which

it tends to be strongly and positively correlated. Time
series data on the variability of inflation is not directly

observable. Such estimates as can be made are always
out of date.
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These findings reinforce the conclusions reached from

the post-war applications. In the context of the inter~-
war period the main conclusions are as follows:

For various reasons, which include the bahaviour of

real out-of-work benefits and the pattern of industrial
employment, real wages increased at an excessive rate
during the second half of the 1920s and can provide

a significant part of the explanation for the emergence

of high unemployment at the end of that decade. Real

wage growth moderated after 1932 and employment, particularly
in manufacturing, accelerated in precisely the manner

that a neoclassical labour demand function would suggest,
However, no single variable can explain the behaviour

of unemployment throughout this period. The roles of
world trade and monetary policy were also significant in
the recovery period, but the best explanation is offered,
we believe, by the comprehensive model developed in
Beenstock and Warburton (1986b)., 1In particular, this
model suggests that when distortions to the unemployment
rate are removed, the rate which would have prevailed
immediately prior to the second world war is not inconsistent
with that observed after the war. Finally, the labour
supply or participation schedule does appear to be
responsive to post-tax real wage movements and to the
prevailing rate of unemployment. The common usage of an
analytical framework in which labour participation is
assumed exogenous appears inconsistent with the properties
of the data sets which we have examined.
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CHAPTER 5 APPLICATIONS TO EXCHANGE RATES AND UK IMPORTS

The econometric techniques described in Chapter 2 have
also been applied to the monetary theory of the exchange
rate and to the determination of UK imports of goods. As
in earlier chapters, the diagnostic test statistics
quoted in each paper differ due to the extended time
scale over which the papers were written. However,

tests against residual non-randomness and of predictive
failure are generally provided, the only exception being
Budd and Warburton (1979).

This paper was an early attempt at integrating the
roles of both trade flows and capital flows in an exchange
rate model. In Beenstock, Budd and Warburton (1981),
this approach was generalised in a number of respects
but tested only on UK data. An accompanying discussion
paper, Warburton and Beenstock (1980), supplies the
econometric details underlying the results. The third
paper, Beenstock and Warburton (1982), examines the
behaviour of UK import volumes in the light of world-
wide trade liberalisation and, particularly, following
UK entry into the European Economic Community. This
chapter continues with a summary of the main results
and outstanding difficulties in these two areas of

international economics.

The advent of flexible exchange rates after 1971 presented
the need for a comprehensive theory of exchange rate
determination. In the 1960s, international capital

flows were still highly regulated in most developed
countries. Thus, trade flows assumed great importance

in the fixed exchange rate era, giving rise to the
familiar "stop-go" economic policy cycle. When a domestic
economy became overheated, import volumes would rise,

the balance of payments would fall into deficit and, to
prevent devaluation, the government would be forced to
dampen demand through raising the burden of taxation or
by similar measures. After the Smithsonian agreement

of late 1971, exchange rates became free to appreciate
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and depreciate within margin§ set only by governments'
desire to stabilise short-term movements by the use of
foreign exchange intervention. Private sector capital
flows immediately became more influential in the new
exchange rate regime, Relaxation of restrictions on
capital flows combined with the evasive ingenuity of
multinational enterprises guaranteed that expectations
of currency values in future time periods would dominate
trade flows in establishing exchange rates. The
monetary theory of the exchange rate, whose origin is

to be found in the work of Johnson (1954) and Frenkel (1976)
is sketched out in Appendix 1 of Budd and Warburton (1979).
This lays the foundation for long-run exchange rate
expectations. In essence, a nation with faster monetary
growth but the same GDP growth as another will tend to
suffer progressive currency depreciation against the
other and a higher rate of inflation. Many factors
complicate this basic model, such as varying income
elasticities of money demand, varying trends in income
velocity, varying degrees of international openness

and varying growth rates of industrial productivity.

The purpose of Budd and Warburton (1979) was to examine
the degree to which the exchange rate movements of

the UK, France, Germany and Italy could be understood
within this structure of exchange rate determination.
Current account balances, both as flows and accumulated
stocks (since 1963), were also included in the
specification. Despite the ambition inherent in the
model, which was estimated using quarterly data,
correctly signed parameters were obtained in all cases
although the coefficients for Germany were not well
determined. The error correction term, whose parameter
is My in the table of results, was very well determined
for France and Italy and moderately so for UK and Germany.
Relative income (represented by industrial output)
elasticities varied greatly across countries, as did
trade flow responses, but were almost always statistically
significant at the 95% level. Remarkably, around

half the variance of quarterly movements in the exchange
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rate was explained by the model. These results suggested
that the European Monetary System would be forced into
frequent realigmments of currencies unless the member
countries subordinated their monetary policies to those

of the dominant currency, namely Germany. In

retrospect, this interpretation has proved quite accurate
and on ten separate occasions between 1979 and 1986,
realignments were necessary, as shown in Chart 1.
Furthermore, had the UK joined the system at its inception, -

even more frequent adjustments would have been required.

Chart 1: Real exchange rates of EMS countries, 1979-85°

1980 = 100
115

110+

70 T T Y ML MARARS | LA M A T
1979 1980 1981 1982 1983 1984 1985 1986

* MERM-weighted cffective rates deflated by wholesale prices, nine major countries
Note: Vertical lines indicate dates of realignments.

Sourres: Iniernational Financial Sstistics, IMF; Main Economic Indicators, QOECD

The particular position of the UK as an o0il producer
distinguishes it from the other major European currencies
and this issue was addressed in the second paper,
Beenstock, Budd and Warburton (1981). The effect of
supplementing a theoretical model which could already
be regarded as ambitious, was to exacerbate the problem
of identifying the parameter estimates. On Table 2 of
the paper the long-run coefficients are presented for
four distinct classes of exchange rate model. In the
first, only asset (money and bonds) stocks and real
incomes are used. Capital account effects in the form
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of interest rates were also incorporated in the second
block of equations and, separately, oil effects in
the third. The final block attempted to integrate

all three effects. The detailed econometric equations
underlying these static reduced forms are contained in
Warburton and Beenstock (1980) which is reproduced in
this submission as the Appendix. Whereas Budd and
Warburton (1979) allowed own and world income and
current balance elasticities to differ, these were
constrained in the later paper in order to save degrees
of freedom.

The diagnostic test statistics reveal that almost all
the equations failed a Chow test for the period

1978Q1 to 1980Q2. The sharp appreciation of sterling
during this time proved a very severe test of the models
and underlined the inadequacy of the information set.

In particular, the current account effects cf North Sea
0il were only just becoming apparent in 1978, the final
year of the estimation period, and were not to reach

a peak until 1985. The poor predictive performance

was inevitable from this standpoint. The worst examples
of predictive failure were provided by the equatioms
which included interest rate effects, standing for
capital account changes. Whether because of simultaneity
bias, which is probable, or some other form of mis-
specification, the interest rate effects, though correctly
signed, were extremely erratic and generated appalling
post-sample errors.

A measure of success was achieved, despite the difficulties,
concerning the estimated effects of North Sea oil. In addition
to the income effect (since real oil incomes are a

part of real national output), a current account effect
(vhereby the real exchange rate is raised to allow the

non-oil account to deteriorate) and a capital account

effect (whereby oil discoveries raise national wealth,

leading to a reassessment of the exchange rate) were

also identified. The estimate of a 14% real exchange

rate premium by mid-1980 on account of North Sea oil
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does not seem too ridiculous in retrospect. Furthermore,
the abrupt depreciation of sterling in 1986 following
the collapse of the oil price gives credence to the

oil effects on the exchange rate.

However, extended periods of exchange rate instability
have made talk of long-run or fundamental exchange rates
appear anachronistic. And the examination of quarterly
exchange rates is also open to question when the timing
of capital switches between international financial
centres is defined in minutes rather than months. The
modeller is presented with two courses of action in

such circumstances. Either to use a high volume of

high frequency data and employ a sophisticated dynamic
model, or to use low frequency data, as we bave~done,

and look only for broad brush, robust, data representations.

The future of exchange rate wodelling seems destined to
travel along the route of low frequency data and to
provide generalisations of behaviour across time and
countries from which to deduce tentative conclusions.

The abundance of competing explanations for a particular

episode of exchange rate movement is evidence of the
underlying problem. In any environment where, for
every new data observation, another two relevant
explanatory variables may be suggested, it is unlikely
that the "true" model will ever be identified.

The final submitted article, concerning the post-war
behaviour of the volume of imports of UK goods, was
estimated using annual data from 1950. The essence of
the exercise was to investigate whether UK import
propensities were disproportionately large (as other
authors have argued) when changes in the degree of
openness of the international trading environment were
taken into account. In Beenstock and Warburton (1982),
a novel import equation was advanced, in which the
liberalisation of world trade and the effects of EEC entry
were proxied by the relevant import to GDP ratios of
the external nations and these terms added to the
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conventional model. For total goods imports, the results
indicated that UK behaviour could be well understood in
these terms. Consumers in the UK were simply mimicking

the worldwide pattern of spending a greater proportion

of their expenditure on imported goods as these were
released from tariff and quota restrictions by, for example,
the Kennedy Round. A fuller discussion of the background

to this work may be found in Beenstock and Warburton (1980).

According to our thesis, EEC entry caused a surge in

UK import propensities because the average import to

GDP ratio of the original six EEC members was substantially
higher than for the OECD world in general. By giving

and receiving preferential trading rights through

entering the EEC customs union, the UK began the trans-
ition to a higher average import propensity. The more
general of the two models, EEC model 2, indicated that

the UK import to GDP ratio would rise to about 397 from

a pre-entry base of 23%. 1In 1985 the actual ratio was
322.

Separate results for manufactured import volumes were

also estimated, using quarterly data, and evidence of

a small degree of autonomous import growth was observed.
However, the central thesis was maintained for manufactured

goods, namely, that rising import penetration is an

international phenoménon, and not peculiar to the UK.

Econometric tests were performed against autocorrelation

and predictive failure, but all our equations registered

test statistics which were comfortably within the usual
5% significance levels.

Writing in the latter part of 1986, the UK balance of
payments is set to fall into deficit after six years.
of surpluses totalling £22 billions, and again the
forecasters at the National Institute are projecting
a massive £5 or £6 billions deficit in 1987. These
forecasts typically derive from import equations in
vhich no allowance has been made for the internatiomal

movement towards free trade. In interpreting these
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historical developments as exogenous and time trended,

the future growth of imports is likely to be seriously
overestimated. If, as we suspect, the trade liberalisation
wagon has ground to a halt (and fears are growing of

a more protectionist stance in the US) then extrapolation
of the time trends is inappropriate. Imports will

grow more conservatively and the balance of payments

will deteriorate by a much smaller margin.

In conclusion, the application of modern econometric
methods has provided us with new insights into the
determination of imports. The high income elasticities
and unexplained time trends have been accommodated
within a dynamic equation which provides for a more
plausible long-run theory of UK imports. The verdict
on the empirical work with respect to the exchange rate
is less encouraging. Except for the naive monetary
model, the information set available in 1980 appeared
insufficient to enable coefficients to be reliably
determined. As more sophisticated and realistic

theoretical structures were adopted, the data deficiency
became more apparent. Recent experiments with the data

set suggest that the monetary model can still provide
a good description of the data, although parameter
instability remains as much of a problem as it was in
1979-1980.
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CHAPTER 6 CONCLUSIONS

This essay has attempted to draw together the various strands
of argument and evidence contained in the published papers.
In this final chapter, the objective is merely to emphasise
the key areas in which it is believed that an original
contribution has been made to the existing body of knowledge.

Two general and five specific conclusions will be drawn.

General conclusions

6.1.1 Short-run dynamics and long-run properties of economic
models

Modern econometric methods acknowledge the need to combine

plausible short-run dynamics with sensible long-run
properties in model building. The empirical relationships
which had dominated the literature until the mid-1970s
tended to model either the short-run dynamics or the
long-run properties, but not both. Examples of the former
are the short-run demand for labour, popularised by

Ball and St Cyr (1966) and Brechling (1965), and the
short-run demand for imports, described in Rees and :
Layard (1971). The static consumption function of Keynesian
origin provides an illustration of the latter. Whilst
Professor Hendry has demonstrated the superiority of

a consumption function modelled using error correction
mechanisms in Davidson and Hendry (1981) and elsewhere,
the empirical work contained herein generalises the
short-run labour and import demand functions. The
generalisation of these specifications to possess long-run
properties has required the adoption of more complex
theoretical models. In accordance with modern methods,
additional lagged variables were also included enabling

a fuller description of model dynamics. The resulting
medels encompass and outperform their predecessors in
almost all cases. Thus, for example, the explanation

of labour demand now includes long-run arguments such

as changes in the net capital stock, real energy and

real materials prices. In the case of the import demand
equation, short-run income elasticities of 1.5 or 2

can now be reconciled with a more sustainable long-run
elasticity of unity. However, the net gain in precision
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and in predictive accuracy obtained by these methods
should not obscure the fact that error margins will remain

uncomfortably wide as long as sample sizes remain so small.

6.1.2 Diagnostic testing as an aid to identifying appropriate
models

Heightened awareness of autocorrelation and other sources
of violation of the assumptions on which OLS regression

is based, has led to more carefully specified equations.
By conducting experiments with generalised forms, it is
possible to deduce whether or not the omitted variables
are lags of existing arguments. This technique was
applied in the analysis of labour supply and of real

wage adjustment for the post-war period. It is of partic-
ular significance in the latter case because of the
embedded unemployment function which lies at the heart of
the labour market analysis. Whilst many other arguments
have been tested, for example, measures of union power,

a deterioration in the residual correlogram was

invariably the result. This has led to the important
conclusion that, both in the inter-war and post-war
periods, the "equilibrium" unemployment rate has shifted
primarily because of three factors. First, the real value
of out-of-work benefits, second, the degree of industrial
dislocation or structural change in economy and third,

the variability of inflation. In other words, a rise in
unemployment due to demographic influences can be disting-
uished in its labour market effects from a rise in
unemployment due to accelerated structural change. The
former can be expected to reduce real wages and raise

employment whilst the latter may have no discernible
effect on either.

6.2 Specific conclusions

6.2.1 Time-series labour participatjon behaviour
The assumption of fixed labour participation rates
pervades the literature of aggregate labour market analysis.
In the research reported in this submission, this charact-
erisation of behaviour holds up only for prime-age males.
Males over 45 are only slightly responsive to changes in

39



remuneration differentials (between work and retirement),
but female labour participation in all age=-groups appears
real wage sensitive. Therefore, even in aggregate empirical
work, it is concluded that real post-tax wages and labour

participation rates should be allowed to interact.

6.2.2 Retirement analysis

A series of conclusions from the optimum retirement age
model were listed on pages 227 and 228 of "Work, welfare
and taxation". They relate to males aged 50 years old
and possessing the other characteristics detailed on

page 218. In particular, it was concluded that the most
important influences on the retirement decision were

the individual's work-leisure preferences, earnings (if
below-average) and life expectancy. High earnings were
found to have an ambiguous -effect on the optimal age of

retirement.

6.2.3 Re-interpretation of the inter-war period
Any conclusions reached concerning this period must be
regarded as teﬁtative. since the quality of some of the data
is questionable. However, after a comprehensive study.
of the arguments which have been advanced to explain wages
and unemployment behaviour, it is believed that the following
statements hold true. First, that the equilibrium rate
of unemployment was increased because of the increased
generosity of unemployment benefits. The relaxation of
the "work test" requirements in 1930 also worsened unemp-
loyment. Second, that real wages responded to both
demand and supply shocks during the inter-war period. The
flexibility of the labour market enabled the economic
recovery to gather pace before faster productivity growth
was absorbed by higher wage payments.

6.2.4 Exchange rate modelling ip the contex , h_Ses
In Beenstock, Budd and Warburton (1981), and Warburton and
Beenstock (1980), an ambitious model of UK multilateral
exchange rate behaviour was advanced and estimated. An
integrated equation of the type described in those papers
remained in use in the London Business School model long

kY
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after the author departed. 1In respect of the treatment of
North Sea oil, the analysis was innovative. The estimate
of the size of the effect of North Sea 0il on the real
exchange rate, at 14%, seems realistic in retrospect.
Exchange rate modelling is fraught with difficulty but

it is contended that, on its own, the long-run implied
purchasing power parity model offers an inadequate explan-
ation of UK data. Real shocks, such as North Sea oil
discovery and exploitation and differential productivity
growth in the traded goods sector, play an important role
in exchange rate determination.

6.2.5 imports and the international trading orde
As, perhaps, one of the first studies to apply modern
econometric methods to the determination of UK imports of
goods, Beenstock and Warburton (1982) reached several
important conclusions. Remembering that the data period
ended in 1979, the inclusion of oil imports, for which
the paper has been criticised, is not important. The
key conclusions regarding visible goods imports were that
the time trend, used in prévioul studies, offered an inferior
explanation to that provided by the international trade
ratio, denoted Rw' Purthermore, the high income elasticities
found by earlier researchers applied only in the short-run.
The long-run elasticity was discovered to be insignificantly
different from unity. Finally, the hypothesis that EEC
entry was responsible for increased trade could not be

rejected.
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Introduction

This discussion paper aims to provide a satisfactory explanation
of the movement in UK earnings and employment since the
early 1960s in the context of the full LBS model. The approach
should therefore be labelled structural rather than reduced
form. Reliance is placed on the existence of the appropriate
transmission mechanisms from fiscal and monetary variables
to domestic output and prices elsewhere in the model. A
non-instantaneous market clearing characterisation of the
UK labour market is adopted. Following our earlier study
using annual data (Beenstock and Warburton (1980)), we regard
the inclusion of the determinants of the supply of labour
as extremely important in our explanation of labour
market movements. The reader will notice that we do not
emphasise the effects of instruments of labour market control,
for example, incomes policies. This is not to deny that
incomes policies and other pay legislation have affected
the path of earnings and employment, but rather to interpret
them as the means by which temporary market adjustments
have been made. The contention of this paper 1is that, in
most cases, an adequate description of the data can be found

without reference to incomes policies.

The economy is divided into three sectors for the purpose
of this exercise. This can be regarded as the minimum degree

of disaggregation necessary to enable the structural arguments

to find expre.sion in the model. The three gsectors are

total manufacturing (both private and public), public admini-
stration and the residual category, which combines primary

and private tertiary activities. 1In essence we have an

internationally exposed sector (manufacturing), a largely
administered sector (public administration), and an inter-
nationally {nsulated but market responsive sector. The

biggest challenge is generally provided by the latter sector,
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partly because of its heterogeneity and partly because of
its size, accounting for 45 per cent of all employees in
1975,

The paper is organised into four sections. The first section
sets out the theoretical considerations of the model, identifying
both supply and demand factors where appropriate. The second
section contains a visual description of the main data series
and recognises the difficulties in distinguishing the separate
influences of variables which have moved similarly. A third
section presents some empirical estimates in which the modelling
strategy has been directed towards the fullest representation
of the theoretical model. Some concluding remarks and sugges-

tions for further research are given in the final section.
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1 Theoretical Considerations

As there appears to be little common ground between the
sectors concerning the applicability of labour market theory
I shall analyse each sector as if it were isolated from
the other two. However it is recognised that such a trichotomy
is not valid in the real economy and linkages are introduced
into the sectoral specifications before proceeding to estima-
tion. In adopting a bottom—up approach to the modelling
of total wages and employment, expressing the sectors in
relation to the total would be a luxury. Each sector is
too large as a proportion of the total to allow such a strategy
to obviate serious simultaneity problems in a full model

context.

a! Manufacturing

This sector permits the most extensive theoretical specification
because of its international openness and because output
and productivity are meaningful and measurable concepts.
The demand function for manufacturing employment may be

written as:

_ N 11 Y-
Lo = F @, W g B 59, (:::e). £) (1)
m

where the signs above the arguments refer to the respective
partial derivatives and where L denotes employment, Q is
output, W, the earnings index divided by the output price
index for manufacturing, P 48 the real interest rate,
oc is other employment costs in real terms, pi and po are,

respectively, the manufacturing input and output prices,
the penultimate term describes the international competitiveness

of UK manufacturing prices and t is a time trend. The subscript
m represents manufacturing.

If one interprets Pp 28 a proxy for the user cost of capital,
thep the first three terms in the brackets are derived from
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the assumptions of entrepreneurial cost minimisation and
a putty-clay CES production function. The terms oc, and
(pim/pom) are modifications to the factor price w_.

The former is defined as the real cost of employer's natio:al
insurance and superannuation contributions per manufacturing
employee and attempts to take account of the non-wage additional
cost to the employer of hiring the marginal employee. The
relative input-output price of manufacturing goods enters
the specification because the employer is sensitive to changes
in value added as a proportion of the final price. The
employer's reaction to a higher relative price of his non-
labour inputs, especially when his output price is fixed
(i.e. he is a price-taker), is to seek to reduce his labour
input costs and thereby restore his profitability. International
wholesale price competitiveness enters the specification
as a proxy for expected UK manufacturing output. Finally,
the time trend reflects technical progress and net capital

accumulation.

The supply curve is postulated as:

+

=, ¢, ¥, b, (%t), (%), O )

m m2
where P represents the total population of working age,
b is the average income replacement ratio for Earnings Related
Supplement recipients in real terms, t) is a measure of

the direct marginal tax rate and t; a measure of the indirect

tax rate.

Over long periods of time (e.g. decades) there is a close
relationship between total employment and the population
of working age. In order to embed this long-run relationship
in the model, it must be present in each labour supply function.
The real income replacement ratio is considered to affect
the work/leisure choice and also the optimal length of job

search time. Higher tax rates, direct or indirect, it is
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usually assumed will have disincentive effects on labour
supply. It is also possible that people may be prepared
to work harder or longer in order to restore their post-tax
standard of 1living. In other words, they may be willing
to sacrifice some of their leisure time in order to buy
more petrol, alcohol or tobacco. The percentage rate of
unemployment for the whole economy, acting as a barometer

of excess labour supply at current factor price ratios,

may exert a separate discouragement to potential suppliers
of labour. Whether or not these people register as unemployed
is another question, but it is pertinent to the decision
of the potential new entrant to the labour force who has
no unemployment benefit entitlement what proportion of the
existing working population is without work.

Combining (1) and (2) with a market clearing condition we
can express steady state real earnings per employee and
numbers employed as functions of the following variables:

pi
e m ——.
Lm = Fm(%opmoocm: (ﬁ)otapob:(l'tl)’(l"'tz) 9u’wm) (3)
e Pim t ——
Vm - m4 (Qm’pm’ocm’ (ﬁ) 'y ’P.b. (l‘tl) (1+t2) ,U,Lm) (4)

where the bars over wp and Ly denote that only lagged values
of these variables should enter into the regression specifica~
tion. It is clear that this model for manufacturing employment
will be overdetermined in terms of the structural parameters.

b) _ Public Aduinistration

It would be wrong to think of this sector as suffering no
market pressures at all, despite its highly centralised
and administered nature. Under a fixed exchange rate regime
or a fixed money supply growth regime, the public sector
cannot pay its employees what it likes, not can it employ

however many people 1t likes. The external undesirability

74



of a high budget deficit has internal implications for public
expenditure control. In the wage equation we draw the distinc-
tion between central government and local authority employees,
on the grounds that most of the expansion has taken place
in the employment of the latter, who, typically, are the
lower paid of the two.

The demand function for public administration employees

may be written as:

d - - +2 -

L8 F81 (ws. BRGMA A ., °¢8) (5)
where BRGMA is the public sector borrowing requirement as
a percentage of cyclically adjusted GDP at current market
prices andAzuis the rate of acceleration of the unemployment
rate.

The terms wg (the relative price effect) and ocg require
no further explanation as they are analogous to wp and ocp
in (1), Since statistically,output in this sector is identical
to the volume of expenditure (which is mainly wages), clearly
it would be double counting to include the national accounts
measure of government output., Iwo terms have been added which
constitute a reaction function. When the borrowing requirement
has been high in relation to the economic cycle, it is supposed
that in an effort to restrain its expenditure, the number
of jobs will be cut. Similarly if unemployment begins to
rise &t an increasing rate the government may attempt to
stem the tide by offering more public sector jobs. Obviously
both the latter arguments are highly tentative, but so,

I suspect, is the idea of a demand function for government
employees.

In considering the supply of labour in this sector, it is
important to bear in mind that the average public administration

employee receives a lower salary than the average manufacturing
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employee. It 1s assumed in this study that the premium
that manufacturing enjoys arises from the greater risks
of injury and dismissal in that sector. Itmay also be partly
explained by public sector employees' preference for a higher

retirement pension. We write the supply function as follows:

Lt = By, &, 5. B F 0 (6)
where F is the female participation rate. This argument
has been added to the list which appeared for manufacturing
on the grounds that public administration has increased
the proportion of female employees in the total over the
estimation period. The equal opportunities legislation has
probably contributed to this trend in the later years.
The tax rate terms have been dropped from the earlier list
because most public administration employment is either
salaried or conducted on the basis of a fixed working week
with few overtime opportunities. Disincentive or incentive
effects are likely to be absent.

The resulting regression sespecifications for real earnings
per employee and employment are presented below, again on
the basis of (5), (6) and an equilibrium condition.

2
e —
L8 = F83(BRGMA, A u, ocg, P, b, F, u, wg) 7

—
c —
P, b, F, u, (rs-& ), (8)

2
w; = F_,(BRGMA, Ay, oc,,

The term in (Lcg/Lg) is the differential 'quality' effect
of central government employees referred to on page 6.

c¢) Primary and Residual Tertiary

As this sector is much more diverse than the other two,

we begin by defining the various categories which it contains
in Table 1.
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Table 1 Constituents of the Residual Sector

Percentage of Total

in 1975

Agriculture, Forestry, Fishing 3,8
Petroleum and Natural Gas ~ Primary 0.4
Mining and Quarrying 3.5
Construction 12,7
Public Utilities 3.5
Transport 14,9
Communication Tertiary

Distributive Trades 27,2
Ingsurance, Banking, Finance 10.8
Other Services 23,2

In specifying the demand function for labour in this sector,
it is clear that output {s a meaningful concept only in
the case of the primary sector, construction and public
utilities, and possibly transport. Retail sales serve as
a good proxy for the volume of activity in the distributive
trades, but no independent estimate of output for the service
sector exists.

It is possible to identify a number of interpretations of
the real rate of interest in this sector's labour demand
function. As well as reflecting the cost of capital (albeit
in a crude fashion) large movements in Pr will influence
the demand for labour in the distribution and retailing
sectors through their effect on the cost of holding stocks.
It is also possible that as the real returns to investment
rise, financial companies take on more staff. The resulting
coefficient on/or can theoretically take either a positive
or negative sign, according to whichever effect dominates.
We may write the demand function as follows:

d - -
L - Fn(qu;m , Rév, v, Z:. oc.) (9)
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where QNMIA 1s a composite output index for non-manufacturing
industrial activities plus agriculture and RSV is retail
sales volume. The subscript r represents the residual sectors.
The variable ocy contains an additional term in the numerator,
namely net Selective Employment Tax payments. The non-
manufacturing sector was liable to make these payments during
the period 1967-1972.

The labour supply function has no additional characteristics
to those in L; and L; and is postulated as:

L2 = F ¢, v, b,-E),(4tp, F, ) L 0)

Since employment in the residual sector has been the most
stable relative to its size of all three sectors, we are
perhaps being too ambitious in specifying such an elaborate
supply function. However, all the arguments are theoretically
applicable and we rely on the empirical section to discriminate
in favour of the few really important supply influences.

The market clearing solutions for employment and real earnings

per employee in the residual category are:

L, = Fr3 (Qpye RSV Ppi0c,P,b, (158)), (14t,) ,Fou,)  (11)

Wi = Py QuurasRSVs Pps oo Bub, (1-t,), (14¢,) Fyu, T (12)

d) Cross-equation linkages

The case for introducing cross-equation linkages is probably
more persuasive for real earnings than for employment.
It 1is proposed, therefore, to add terms in the sectoral
real earnings relativities to the existing market clearing
specifications, (4), (8) and (12). Although sectoral relati-
vities may follow secular trends, in the short~term, significant

gains by any one sector are likely to be unsustainable.
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If to manufacturing is assigned the role of the leading
gsector in wage negotiations, then specifications (8) and
(12) may be augmented by lagged terms in Z& and Wr

wm wm
respectively, adding time trends in both cases. There is

14

some doubt as to whether cumulative error correction terms
should be present. The argument against the use of such
terms in this context is that whilst employees may have
a perception of their relative earnings compared to employees
in other sectors, they are much less likely to perceive
differences in their relative wealth.

In Section 1I, the data required for estimation of the relation-
ships above are examined graphically.



-1l1l-

I1 Data-based Considerations

A preliminary visual examination of the data to be used

in any empirical work is usually well rewarded. In this

short section charts of the specified variables from Section I

are presented. The main points to emerge from this examination

are:

(1)

(i1)

The diversity of performance of the three sectors over
the period 1963-1981. This helps to establish the
usefulness of disaggregation.

The different degress of volatility of the proposed
regressors. The coefficient on a regressor which displays
little variation relative to the dependent variable,
(having allowed for trend and seasonal influences)
is not likely to be well determined. For example, over
this period the population of working age on Chart 6
is barely discernible from a constant.,

(111) The likely areas of conflict where different arguments

in the specification, being highly collinear, are competing
for statistical significance. As examples of this,
the traces of other employment costs shown on Chart 3
are highly correlated with the time trend. Again,
coefficients on regressors which are non-orthogonal
tend to have exaggerated standard errors and therefore
apparently low levels of significance. Economic time
series variables are prone to this latter defect and
perhaps this helps to explain why so many researchers
have reached different conclusions on the basis of
regression analysis performed on the same available
data set. The different results must each have been
compatible with their owners' expectation of coefficient
signs and magnitudes.

[

Having specified the model and indicated the anticipated
direction of each effect, an examination of the data and
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particularly of the correlation matrix of the regressors
often identifies areas of difficulty before any estimation

is8 carried out.

The arguments of the labour demand function (1) display
a large degree of independence from each other, with the
exception, cited above, of other employment costs and the
time trend. Manufacturing output, Qm on Chart 1, has the
expected cyclical pattern, until the massive decline at
the end of the period; manufacturing real wages, wy on
Chart 2, has a definite kink in its growth rate which occurs
in the early seventies; and the real interest rate, pa ©n
Chart 4, and relative input-output prices, (pip/pog) on
Chart 5 each display systematic independent variation in
the mid-seventies. On a cursory examination, one would

not expect great collinearity problems from this data set.

The arguments of labour supply, listed in equation (2) appear
much less independent, The invariability of P has already
been mentioned, but it is also clear from Chart 8 that the
direct and indirect tax ratios bear an inverse relationship
with each other. When one interprets this phenomenon in
terms of government preferences for one type of tax or another
it makes good sense that reductions in the direct tax burden
should be compensated elsewhere. However, if the ratios
are added together then the problem is far from solved,
for again the series is virtually a constant. The real
benefit rate, b on Chart 7 is a redeeming feature of the
specification, as is the behaviour of u on Chart 11. Never-
theless it becomes a little easier to understand how difficult
it has been to establish the independent influence of labour

supply variables by use of time series regressions.
For the regression specifications (3) and (4), it is also

necessary that the elements of the demand function are
individually discernible in a statistical sense from those
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of the supply function. If u is included as a logarithmic
term then there is the likelihood of a high correlation
between 1n(u) and the time trend, The information we can
glean about these specifications from the data is that the
coefficients on ocy, 1n(u) and t may display remarkable
fluctuations in significance depending upon the presence
or absence of one of the others, and secondly, that it is
unnecessary .to include more than one term in the population

of working age, P.

In carrying out a similar exercise for employment in the
public sector, the problem areas appear to be the correlations
of ocg and F and of BRGMA and wg (see Charts 10 and 4 res-
pectively). The rapid growth of real public sector wages
in 1974/5 was associated with the largest proportional govern-
ment deficit (on a cyclically adjusted basis). The introduction
of (ch/Lg) in (8) also has its problems as shown in Chart
12, to the extent that it too does not contribute much original
variation to the regression specification.

Finally, the arguments of specifications (11) and (12) must
be considered. The regressors QNMIA and RSV on Chart 1
have behaved differently only since 1973 and this casts
doudbt on the feasibility of including them both in the
specificat{ion. A further problem can be anticipated in
the estimation of the employment equation (l11). Chart 9
reveals that, relative to the other categories, employment
in the residual category has exhibited very little variation,
Indeed if the period 196772, when SET adversely affected

employment, 1s omitted, there appears to be very little
left to explain.

This emphasises the point that however numerous are the
candidates for inclusion in the equation specification,
one can only estimate as many parnéteu as the data will
allow. If there is no variance to explain then the best
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theory in the world cannot be distinguished on statistical
grounds from the worst. Consequently, it is suspected that
some of the richness of the specifications in section I
will be lost as soon as the equations are confronted with
the economic data. The only effective answer to this problem
is to widen the experience covered by the empirical analysis.
For example if the data set had begun in 1958 then rather
more variation in P, the population of working age, would
have been observed and perhaps more reliable estimates of

its effect, especially on wages, would have been obtained.

In Section 111, empirical estimates of the six functions

are provided.
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111 Empirical Results
Econometric Methodology and Modelling Strategy

Leamer (1978) has drawn attention to some of the contradictions
which exist between the theoretical statistical conditions
under which econometric tests are validly performed and
the typical modelling environment in which practical research
is carried out. To caricature the situation in an ideal
world, the student would be closeted in a data-free environment
until the day he or she had their first original idea which
was both precisely specified with regard to functional form
and capable of empirical verification, (or died, whichever
was the sooner). On this day the student would be handed
a sealed envelope containing the data on only the variables
he had selected, and a copy of a TSP instruction manual.
Having successfully submitted his job, the student would
be escorted back to his cell where, under sedation, he would
be shown his results. Having written up his project the
student would then think of his next idea, being careful
not to include any of the variables for which he had seen
the data. The point of all this is to demonstrate that
awvareness of the data and the formulation of hypotheses
is an interactive process in real life, Most researchers
are in a position to discriminate between those hypotheses
which are likely to be data supported and those which are
not on the basis of their broad knowledge of the available
data set. However, in statisticel terms the process of
repeated sampling of the same data set nullifies the original
validity of tests of individual variable significance.
Leamer gives some indication of the progressive strictness

of the test criteria necessary when repeated sampling takes
place.

An appealing solution to this problem is suggested by Mizon

(1977), who recommended data-based specification search
as a means of model gelection. In theory, since all regressions
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after the first are generic only one original sampling of
the data has taken place. This can take two forms; either
moving from a specific model to a general one or vice-versa.
The former has the advantage that the specific model used
as the starting point 1is not of great importance. Tests
for the inclusion of existing ones are performed until the
model cannot be significantly improved by further addition
or removal. -The main disadvantage is that there is no guidance

as to the order in which the tests should be carried out,

The latter form, general to specific model selection, has
become widely used over the last three years. Contingent
on the "correct" set of independent variables being chosen
initially, the modeller follows a set procedure for testing
coefficient restrictions, estimating common factors and
monitoring the autocorrelation and predictive performance
of the model, step by step. At vhat stage the procedure
is terminated is an arbitrary decision but the final restricted
form will always be a direct descendant of the general form.
Tests for inclusion of previously excluded variables will
almost always confirm the prior decision.

A parallel development to these model selection procedures
has been the application of engineering control methodology
to economic systems and, lately, to individual equations.
The language of integral, proportional and derivative control
has permeated the applied economist's vocabulary and lent

theoretical support to techniques previously considered
arbitrary.

These developments, together with an increasing battery
of rigorous tests for non-randomness of the residual correlogram,
heteroscedasticity, out of sample performance, coefficient
instability and implausible dynamic response have created
a multi-dimensional function for model selection. The nature

of the trade offs between criteria obviously differ greatly
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between data sets. The inclusion of a given variable may
significantly lower the equation standard error, make no
significant difference to the autocorrelation properties
or the forecasting performance but may result in dramatic
changes in the size of the other coefficients. On what
basis should one decide to include or exclude it?

A further set of problems arise when independently estimated
equations are inserted into a macroeconomic model. New
sources of dynamic instability and inconsistent coefficient
restrictions may arise, and non-zero correlations between
cross-equation residuals may Jjeopardise the ability of the
model to track data in a dynamic simulation., Given the
size and computational probleme of systems estimation in

a large model, these do not supply a practicable answer.

In this study, single equation methods are used without
apology, and although the parameters of the model selection
"objective" function are not defined, systems or whole-model
considerations have a larger weight attached to them in
the selection of individual equations than is usually the
case. Although the modelling approach is eclectic, specification
tests have been carried out and these are reported alongside
each regression. The predictive performance of the equations
over the period 1980 first quarter to 1981 first quarter
is often unsatisfactory, but it must be acknowledged that
this period is untypical of the experience of the sixties
and seventies, if only in the severity of the recession.

Empirical Results
The results presented in tables 2 to 7 are the preferred

regression estimates of the specifications set out in section
I. These regressions were selected, subject to satisfactory
performance in terms of the single equation tests mentioned
in section I1I, on the basis of their closeness of correspondence

to the original model., The warnings given earlier concerning
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the limited amount of information contained in the data
set and the constraints on estimation which may arise from
the assembling of the single equation estimates both proved

relevant.

Manufacturing
a) Employment

The employment equation in Table 2 combines a number of

desirable features with respect to specification (3) outlined
in section I. On the supply side, the population of working
age appears in a one~for-one relationship with employment
and there is a temporary but highly significant "discouraged
worker" effect of the percentage unemployment rate. Demand
effects, as expected, have exerted a more powerful influence
over employment in manufacturing. Of particular interest,
in addition to the term in actual output, is the proxy term
for expected output. Wholesale price competiveness is highly
significant despite the exclusion from the sample of the
most recent data. Lagged real wages also enter negatively,
reflecting the adverse effect of "too high" wage levels
on employment. The time trend of 2% per year can be interpreted
as the secular result of the installation of labour saving
capital investment. Finally, there is a temporary and very
small boost to employment of a higher real cost of capital

to manufacturing.

Where the equation falls down is in its failure to predict
the severity of the decline in manufacturing employment
in the second half of 1980 and beyond. None of the specific-
ations were able to track the data closely, and when this
particular equation was estimated over the full sample,
evidence of coefficient instability emerged. The long-run
implied coefficient on competitiveness fell from -0.24 to
=0.42; the real wages coefficient from =~0.18 to =0.36 and
the output coefficient rose from 0.42 to 0.72. On the face

of it, the parameter estimates should have much wider confidence
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Manufacturing Table 2
a) Employment

.

AlnL = -0.356 + 0.16481nL . - 0.026941lnu,
(3.2) (1.7 (3.6)

+ 0.00088bpne s * fares) = gaced]

- 0.10851n(L /P),_, + 0.05131nQ,
(3.8) (2.7)

- ” . -
o.o:jsl m ) °'°i”1’“’mt-1
(3. W (2.1)
¥ t=-2

- 0.000552 ¢t

(3.7
R? - o.87 2,(5) = 13.0 (11.1)
SE = 0.22% 2,(6) = 7.0 (12.6)
DF = 47 2,(9) = 57.2 (16.9)
65Q1 - 78Q4¢ 2,(9,47) = 2,66 (2.15)
2,(9) = 14.3 (16.9)
* 17,200 people (at the mean) 25(13) = 19,1 (22.4)
Stationary State Seclutiop
InL, = 0.471aQ, + 1.0 In P =~ 0.241n [Pop-®
pom

- 0.18 lnwh = (2.05% per annum) - 3.278°
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intervals attached to them than the in-sample standard errors
would suggest. However, it should be stressed that the
experience of 1980/8l1 is very dissimilar to that of 1963/79
to the extent that 602 of the total sums of squares of the

dependent variable is accounted for by the final six quarters.

In other respects, autocorrelation and heteroscedasticity

for example, the performance of the equation is satisfactory.

b) Earnings
Earlier we assigned to manufacturing the role of ‘'leading

sector' in pay determination. In linking the other sectors’
earnings indices to that of manufacturing, it is clear that
the selection of a well-behaved equation for the latter
has great importance. The link also has its advantages,
the foremost being that the richness of the specification
employed in the manufacturing earnings equation is borrowed

by the equations for the public and residual sectors' earnings.

However, the estimation of this equation proved problematic,
not least because the author had addressed this particular
task on a number of previous occasions. An innovation in
the specification was the term in the relative input to
output wholesale price index. The results in respect of
this variable were disappointing, as were attempts to include
the "other employment costs" variable. The failure of the
former modification to the real factor price can be attributed
to the donin&ting'effect of output in the regression. If
manufacturing output was reduced by the increase in the
relative price of non-labour inputs, as seems plausible,
then the introduction of this variable into the earnings
equation could be considered double-counting. A similar
argument could be made in the case of real other employment
costs per employee but it is more likely that the econometric

problem of collinearity was the telling factor in its insigni-
ficance.
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b) Earnings

41ln wmt

R® = 0.773
SE = 0.82%
DF = 350
64Q1 = 79Q4

Stationary State Solution .
ln "n = 1.0(lm PO, ¢+ anm - lnP) - 0.08 1n (g_m_) + 0.93%p.a.

+

+ 0.249 bzln w
‘Pim
0.11281n\ —

1
+0.1104,1n (f._'!;

P
0.0152 1n 5-0_

3

mt-1

0.4614 1n POpe *+ 0.327 A].npom:.1

(1.7)

0.393 aln pc,_, * 0.187 44ln(Q /P,

{4.6)

P°m t=-1
(4.2)

0.102 4lnu+ 0.035 Aln u,_,

w P,
0.49141nL,_, =~ 0.193 1n ( metd | _t=3
' (4.9)

Pope-2 Cme-3

+ 0.00044 ¢
(3.7)

2,(5) =  5.4(11.1)
2,(5) = 10.6(11.1)
2,(5,50)=  1.7(2.41)
2,(15) = 23.9(25.0)
2g(13) = 14.6(22.4)

Pop,

+ 5.20
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The equation reported in Table 3 is rich in dynamic terms,
but all that influences earnings in the end is the value
of manufacturing output, from which is deducted a small
relative input price effect, and an effect of the population
of working age. Whilst the latter term is important in
the very long run for total employment, it bears little
relationship to the behaviour of wmanufacturing employment
over this short period. Consequently, a time trend is required
to represent the additional effect of labour—-saving productivity

gains.

In the short-run the dynamics are very complicated with
two difference terms each of output prices, output per head
of population of working age, percentage unemployment and
relative non-labour input prices. There are also transitory
effects of lagged consumer prices and lagged manufacturing
employment on earnings. One abvious area of concern is
whether the complicated dynamic structure is real or induced
by failure to take account of simultaneous relationships
between earnings, prices and output. The tests necessary
to establish this have yet to be carried out, but one factor
which runs counter to the simultaneity explanation is the
perverse sign of the current term in output price inflation.
If simultaneity were & problem, one would expect this term
to carry a strong positive coefficient. However, there
is no convincing explanation of the negative sign either.

The autocorrelation, heteroscedasticity and forecast tests
all proved satisfactory. This presents the dilemma that
on a single equation basis the equation cannot easily be
rejected. However, in a full model context, problems arise

on account of the implausibly large reduction in earnings
growth which is predicted for the immediate future.
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Public Administration
a) Employment

The first regression in Table 4 contains the controversial

term in the female participation rate, F. Although significant,
to be included properly it must also be exogenously determined.
In other words, to defend its inclusion in this equation, -
the theory must adduce, for example, sociological and demogra-
phic reasons for the increase in female participation. If the
true cause of the significant effect implies a tautology,
such as that the government was anxious to comply with equal
pay and opportunity legislation, then the complete model
must be specified.

In the second regression the problem is sidestepped by excluding
F altogether and adopting a different specification. The
new variable, cg, represents general government expenditure
on labour at constant wage and pension rates. One would
expect a very close relationship between CS and Lz even
that there might be a fixed coefficient identity between
them, but this is not the case. In fact, changes in composition
of the public administrstion (and local authority) labour
force has guaranteed significant divergences between the
two series and the long-run adjustment term is poorly
determined.

The advantage of a specification which includes Cg 1s that
it allows the government to directly influence the level
of employment in public administration. The earlier regression
does not, and instead regards the volume of expenditure
as being better approximated by a time trend over the period
1963-1975, and by a constant thereafter. The argument underlying
this alternative is that the pre-1975 period contained legis-
lation which had definite employment consequences (e.g. equal
pay, reorganisation of local government), whilst the emphasis
of later years has been to economise on the cost of the

public sector. On balance, the inclusion of Cg» a recognised
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Public Administration Table 4A
a) Employment

(1) 41l . = = 0.306 + 0.346 41nLy, ) + 0.267 AlnL,, ,
(4.6) (3.7 (3.7)

+ 0.0344, oWy, _, + 0.0096 dpumey 7403
(2.9) (S.4)

- 0.1007 m(t.g/r) geg ¥ 01U F,
4.7 (3.2)

+ 0.00088 (t = t73)

(4.0)
R = 0.749 Z,(5) = 1.0 (11.1)
SE = 0.23%" 2,(5) = 17.1 Ql.1)
DF = S6 2,(5,56)= 2.59 (2.38)
6401 - 7904 2,(8) = 7.6 (15.5

Zg(l4) = 9.9 (23.7)

* 10,000 people (at the mean)

Stationary State Solution
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Table 4B

(44)  41n Ly, == 0.374 +0.58281n Ly,
(1.3)  (6.6)

+ 0.13241n th + 0.154 41n th
{(1.7) (4.0)

- 0.03641n W ot 0.0121 4 DUMMY 74Q3

gt-
(2.2) (6.6)
- 0.0373 1n I‘g ) - 0.00368 1n u,_,
1.3) P.cg t=2 (2.0)

+ 0.00005 t°* + 0.002 Q1 + 0.0013Q3

(1.3 .
R® = 0.738 2,(5) = 1.5 (11.1)
sE = o0.23¢" Z,(5) = 14.3(11.1)
pr = 52 24(5,52) = 2.2(2.40)
6402 - 7904 Z,(11) = 9.1(19.7)

2(12) = 12.1(23,7)

* 10,000 people (at the mean)

Stationary State Solution

in Lqﬂ 1.0 1n C9 +1.01lnP - 0.099 lnu

+ (0.44% per annum)

where Cy = CCGE(1 = RYECPA) + CLAE(l - RYECHE)
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control or policy variable, is a much more attractive option
from a full-model perspective. The other advantages of
the second regression are that the forecast performance
is rather better, with the Chow test at least being accepted
at the 95% level, and that the unemployment term enters
significantly, representing the "discouraged worker" effect.
What is also interesting is that the lagged difference term
in real public earnings carries the expected negative sign

in the second regression.

b) Earnings
Although the full set of arguments contained in specification

(8) were entered in the unrestricted regression, most of
these were insignificant and were deleted in the course
of successive coefficient restriction tests. The regression
gives overvhelming importance to the behaviour of manufacturing
earnings and any further work on this equation would probably
restrict the dependent variable to be the ratio of public
administration to manufacturing earnings, given the instantaneous
response profile implied by the lagged ratio terms in conjunction
with the dynamic terms. The only other significant effects
were the other employment costs terms, in both changes and
levels, and a perverse effect of the change in unemployment.
The only justification for the latter term would seem to
be the reasoning that increasing unemployment puts pressure
on the government to relax fiscal and monetary policy, thus

permitting faster growth of nominal wages. One of the disap~

pointing aspects of this equation is the failure to identify
any evidence of a reaction function in terms either of un-
employment or the cyclically-adjusted borrowing requirement.
The forecasting performance of the equation is adequate

although both tests were narrowly failed. In any further

work, more effort would be applied to the detection of incomes-
policy induced deviations of public sector earnings from
manufacturing, and also to the hypothesis that both tertiary
and manufacturing earnings influence public sector earnings.



b) Earnings Table $

Aln" = ~0,0494 + 0.4456 alnv

Tt (3.0) (1.3) mt-1
+ 0.4567 4;1aW . . + 0.1029 alnu

-~ 0.2069 alnoc_, + 0.0217 alnb

(1.9) 8t (0.7) t v
+ 1.1008 ala(Lgg/Ly), = 0.2709 1n (';) 1
m/ te

(1.4 (2.8)
-0.1399 1n [V - 0.02098 1n oc,_,
(1-8) m t_‘ (203)
+ 0.0833 4 DUMMY 1975 Q1 - 0.0081 Q1 + 0.0077 Q3
(5.1) (1.3) (1.2)
% = 0.687 2,(5) = 1.33 (11.07)
SE = 1.87% 25(8) =13.83 (11.07)
DF = 51 2,(5,51) = 2.49 (2.41)
6401 - 7904 Z,(13) = 18.5 (22.4)

Stationary State Solution

1n " = 1.0 1n 'ﬂ - 0.051 1n oc‘ - 0.120
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Primary and Residual Tertiary

a) Employment

The equation in Table 6 was one of the most encouraging
of all the results in that despite the lack of variability

of the series for residual sector employment, sgeveral well-
determined coefficients were estimated. In the 'steady
state', employment is determined by population, in common
with each of the other categories, retail sales volume,
the real interest rate and the real level of unemployment
benefit. In the short run, the female participation ratio
and the unemployment rate each have the expected signs,
but other employment costs does not. The forecasting and
autocorrelation properties of this equation are good and
the Breusch-Pagan test is also passed satisfactorily.

The sign of the real interest rate suggests that the dominant
effect on this sector amongst those raised in Section I
is that implied by stockholding behaviour. Although the
effect is not numerically large, there is evidence that
as the cost of holding stocks rises, so employment in
distributive and service industries is reduced.

The significance of the real benefit level, b, came as a
surprise and one must be wary of placing too much confidence
in the size of the estimated coefficient., The equation
implies that a 20X reduction in benefit, such as that produced
by the abolition of Earnings Related Supplement, would eventually

increase employment in the residual sector by over 3%, or
over 300,000 people.

The combination of the three preferred employment equations
in Tables 2, 4B and 6 provides a fairly comprehensive represen-
tation of the arguments forwarded in section I. Tax and
benefit rates are poorly represented but it is questionable
whether one should expect to observe significant aggregate
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Primary & Residual Tertiary Table §

.8) Employment
dl1a L., = = 0.202 + 0.l1881n 1L, _,
' (6.5) (1.3)
+ 0.51341n F, + 0.0296 81n oc,,
(5.5) (2.6)
(3.2) 4.2)
- 0.00044 [4(p,, + p ey
3.7
+0.0277 ln RSV, _, = 0.0198 ln D
(4.7
R® = 0.708 2,(5) = 6.1(11.1)
SE = 0.33%" 2,00 = 1.8(9.5)
64Q2 - 79Q¢ 2,(9) = 9.4016.9)
2g(14) = 22.0(23.7)

* 33,800 people (at the mean)

Stationary State Solutionm

lnl,=1.0lnP + 0.24 1n RSV - 0.0038 Pr

=0.1731ab - 1.76
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effects given the microeconomic nature of labour supply

decisions.

A final observation is to record the disparity between the
speeds of adjustment to the steady state implied by private
and public sector employment equations. It is true that
equation 4A has a larger absolute adjustment coefficient,
but the doubt over that specification obviously carries
over to all the coefficients.

b) Earnings

Residual sector earnings follow manufacturing earnings much
less closely than public sector earnings. Instead the regression
in Table 7 attaches greater weight to consumer prices in
the determination of the earnings of the mostly private
tertiary sector. The volume of retail sales has an extra-
ordinarily large impact on earnings, but as the index only
applies to a part of the sector, it is possible to reconcile
this with a stable model. It would be preferable, however,
if there were some counterbalancing effect from another
constituent activity. Finally, the negative real interest
rate effect observed for employment is encountered again
but with little quantitative importance. A five percent
real interest rate (ex post) implies a level of real earnings
1.8% lower than a zero real rate of interest. The single
equation tests were passed easily, and whilst there is plenty
of room for improvement the equation is judged satisfactory.
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b) Earnings Table 7
Aln W_, = - 1. 653 + 0.116 43 ln W

rt-1
(5.9) (1.3)

-0.7441n L _, - 1.0541n P,

(1.8) (2.3)
w w
- 0.506 1n} == - 0.193 1ln -"f
(4.1) PCJg-1  (1.3) [e-1

+ 0,476 1n nsvt + 0.386 1ln RSV, ,
(3.0) (2.4)

(3.1) (1.4)
R? = 0.432 2,(5) = 3.6 (11.1)
SE = 1.76% 2,(5) = 5.3 (11.1)
DF = 54 Z5(5:54)= 0.7 (2.4)
6401 - 7904 2,(10) = 11.6 (18.3)
24(12) = 17.0 (21.0)
Stgtiongry State Solution

1ln L 0.724 1n pc + 0.276 1n L 1.23 RSV =~ 0.0036ﬁp:

- 2.368
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IV _Concluding Remarks

The objective of this paper was to explore the reduced form
neoclassical labour market model at a less aggregative level
than in Beenstock and Warburton (1980). The advantage of
using quarterly data lies in the additional degrees of freedom,
but this does not necessarily imply much of a gain if this
is not accompanied by extra data variability. Any straight
line can be used to derive an explanation of another straight
line.

As far as the empirical results are concerned, most of the
original hypotheses have gained a measure of support. In
addition to indicators of demand, competitiveness effects
were observed for manufacturing, demographic effects for public
administration and real interest rate and real benefit effects

for the primary and private tertiary sector.

The next step in the research would be to incorporate the
six-equation system into a full econometric model. At this
stage, one tentative attempt has been made to do this in
the context of the London Business School model. However,
rather than proceed with detailed simulations it was felt
that a re-examination of at least two of the original equations
was called for. The weaknesses that emerged from the whole
model analysis stemmed from two sources. Firstly the drastic
decrease in real earnings growth that was implied by the
low levels of output at the end of the estimation period
and secondly, some ambiguities concerning the role of the
female participation variable in the model. The latter
problem is rather deep-seated, in that it is not clear whether
the public sector expanded its employment of women in the
early seventies as a deliberate policy, or whether women
increased their participation because of the higher differential
earnings that were offered folloﬁing the legislation of
1970. The resolution of this problem requires that both
phenomena be explained, not just the rise in public employment.
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APPENDIX A

Data Definitions and Sources

L

[

0

pe

Pl

H

Employees in employment, UK in thousands;
Deparyment of Employment Gazette and H.M. Treasury.
(Subscript denotes the sector concerned)

Percentage unemployment rate, UK, seascnally ad-
justed excluding school leavers; Department of Em-
ployment Gazette.

Real interest rate defined by the formula:

(f%a -A1np.) Interest rate used was the minimum
Lending Rate (% p.a.); Bank of England Quarterly
Bulletin.

UK population of working age, thousands; Inter-
polated from Annual Abstract of Statistics.

Output index, 1975 = 100; Economic Trends Annual
Supplement. (Subscript denotes the sector).

Price index of manufactured output, UK, 1975 = 100;
Economic Trends Annual Supplehent.

World price index of manufactures expressed in
world currency, 1975=100; Constructed as an 18-
country trade-weighted average of OECD country
price indices.

Nominal earnings per employee index, 1975=100;
Economic Trends Annual Supplement and H.M. Treasury
(Subscript denotes the sector).

Real Wage index for manufacturing, 1975 = 100;
Constructed as (Hh/pom).

Linear time trend, 1955Q1 = 1, etc.

UK effective rate, 1975 = 1; Economic Trends

Annual Supplement and LBS calculations using period
average data from International Financial Statistics
Consumers' Expenditure Deflator, K, 1975= 1;
Economic TRends (by calculation).

Price index of inputs to UK manufacturing industry,
1975 = 1.0; Economic Trends Annual Supplement,
Female Participation Ratio, proportion; Department
of Employment Gazette and Annual Abstract of
Statistics.
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t75 :

Q1,02,Q3
oc r 3
RSV s
b H
DUMMY 74Q3:

Subscripts

m 3
g :
T t
t H
Operators

in :
A :
An :

Linear time trend, 1975Ql = 1, etc.
General government expenditure on employment and
pension incomes at constant wage and pension levels:
constructed from the Blue Book and data supplied by
H.M. Tresury as follows:

Cg = CCGE(1 = RYECPA) + CLAE(l - RYECHE)
where CCGE and CLAE are 1975 volume expenditures on
wages abd other employment costs for central govern-
ment and local authority; RYECPA and RYECHE are
the corresponding fractions of total employment in-
come attributable to pensions for Central government
and local authorities.
Quarterly dummies.
Other employment costs per employee index for
residual sector, 1975 = }1; constructed from Economic
Trends Annual Supplement.
Retail Sales Volume index, 1975 = 100; Economic
Trends Annual Supplement.
Real benefit entitlement 1nc1&dinq Earnings Related
Supplement of a married man with no children, 1975

per week; Social Security Statistics.

Dummy variable for 1974 Q3.

Manufacturing
Public Administration and the Health and Education
functions of Local Authorities.

‘Primary and Residual Tertiary Sector

Time in guarters

Natural logarithm
First difference
n-period difference
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PENDIX B
Econometric diagnostic tests
Z,(p) : Lagrange Multiplier test against significant auto-

correlation to degree p.

zz(q) : Chi~-squared forecast test over the succeeding
q quarters.

zz(:,-) : Chow test for model constancy over the full period
(r+s) against the restricted period (r)

z‘(t) ¢ Breusch —Pagan heteroscedasticy test with t
regressors (including the constant).

Zg (u) 3 Ljung-Box tegt * for autocorrelated residuals

to degree u.

* adjusted for small samples.
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Chart 2 : Real earnings indices
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Chart 3 : Other Fmployment Costs indices
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Chart S_: Wholesale input-output price ratio
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Chart 6 :

Indices of population of working age and female participation
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Chart 7 :

Real unemployment benefit for Earnings Related Supplement
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Chart 8 : Tax ratios
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Indices of Employment
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Government employment reaction function variables

Chart 10 :

PSBR as a percentage of GDP at current prices

plus a cyclical adjustment factor
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The ceatral objective of this paper is to analyse empirically the
determinants of the effective exchange rate for sterling. In previous
work, o.n.zu.w.ﬂlggﬂgv.ssgn‘plg
rate wms determined by relative productivity between the traded and noo-

was determined in the light of the mooetary theory. In this paper we extend
this approach in two directions. First, we ocousider ths effects of N. Sea

oil on ths real exchenge rate. Secondly, w exploare the portfolio balance
approach to the naminal exchange rate in which capital flows and relative

asset applies affect the exchange rete.

The amlyxis is necessarily a retrospective cne. In attexpting to isolate
the econamic factars which have been the most important influences cm sterling
over the period 1970-1978, we do not presume that these factors will be
similarly relevant for prediction. Indeed the dynmaic instahility of the
estimated equations argues farcibly against this application. In particular
this paper does not specify an explicit expectations genersting mechanism,
However, the estimated equations implicitly contain both expectational
varisbles and elements of the data generaticn process. We regurd it as an
aspect of the econapetric problem of identification that the two cannot be
disentangled.

*This paper wms originally prepared a8 a secticn of & more genaral paper
entitled 'Monetary Policy, Expectations and Real Exchange Rate Dynmaics”

by Alan Budd and curselves. to be published in & special editice of Oxford
Econaxic Papers in 1661. As the original effart asmmed gigantic proporticons,
we decided to sumarise the contents of the empirical section,

ds & result both papers hold the thecretical section in camam, In
particular pages 3-8 are almost a direct transcript of Beenstock,Budd and
Varburton (1961)

We wish to thank Alan Budd and all the other members of the CET Research

Discussion Group, financed by the SSRC, for their helpful ccrments in the
preparation of this drafe.
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Ve bave chossn to persevere with gingle equation estimation techniques
rather than, with one exception, utilise systems estimaticn methods.
The econcmetric problems of estimating the exchange rate specification
which we postulate are discussed at same length and we do 2ot pretend
that they have all been satisfactorily resclved. However, within the
omfines of a smll data smple and many uncanpeting hypotheses we
have attapted to steer clear of the worst manifestations of auto-
correlation and owerparameterisation. Diagnostic statistics are
srovided t0 allow the Teader to make his omn Jjudgensnt as to the
worthiness of the results obtained.

The main conclusions of the psper are as folloms., The inclusion of
the stock of privately=beld govermmant bonds in addition to the money
stock as the inplied determipant of the damstic price level yielded
significant improvements in standard exror in scme models.  However
the coatribution of bonds was not usually greatsr than 0.2 and the
autocorrelation properties were worsensd.

In the light of the current interest in the Dornbusch (1976a) modal

in which an efficient foreign exchange mrket is placed alongside
inefficient labour and goods marksts, and which asmmes that the

interest parity ocondition bolds ex ante and ex post, we have simulated

& oouple of our basic equations in order to examine whether Dornbusch-
type effects could be cbearved for sterling. The overshooting
phencmancn appears to hold in caly the extremsly short-run cn our evidanoe.

The estimation of the effects of Narth Sea cil on the exchange rate
showed that a ocebination of current and capital acoount argunents could
signiticantly inprove our explanation of why sterling has maintained
its higher level through 1980. Ve estimate that by the second
quarter of 1980 the exchange rate would have been between 13 and 20 par
cent lower had 1t not been for North Sea oil.
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I1 Theoretical Considerations
Ibe Nonival Exchange Rate
In what follows we sesk to develop a theory about the lovg run
determinants of the real and naminal exchange Xates. The tempornry

equilitriun oondition in the foreign enchange market is tiat the
flow demand for foreign exchange must equal its flow sypply.

Ve asmme that the XK is a amll open ecOnamy in the sense that it is affected
by the world but  is too smll to significantly affect the rest of the world.
The world demnd for money function is ssmmed to vary inoversely
with the world intarest rate, or

1*. .;m'-aglﬂ' 0.19' (1
vhile the world demend for bonds varies directly with the world
interest rate, o

1B = l;m"*.gl**m' « 2

Both of these equations imply that asset demnd functions are
homogencus ©f degres one in prices.

Assuning that the world monetary mutlorities determine I'ndl'
we my solve eqmtions ( 1) amd ( 2) !wb'mr‘mvdyu

P, = ["8:1K + ozlnB, - (8201%8182)10Y 7/(az+82) ( 3)

1R, = [(loB, - 1 ¢ (a;-8y)10Y 7/(az+82) ¢ ®
The respective UK asset deamnd functicns are written as

1o M= y)1Y - y210R + 1oP « 9%

18 = §;10Y + 6210R - d3loR + 1P « e

i.e. external amsets ccmpete with domestic assets in portfolios.

¢ Variable definitions are provided in Appendix I,
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Toue theory of Purchasing Powsr Parity (PPP), wben spplisd to traded
m.mwuwmmmmmrmun
constant, k. We shall defer consideration of the reascns why k
mmmnwmmammammm
rate.’ Thus we define

1P+ 18" - WP =k A7)

Ve may now solve this systen for the long-run equilitrium exchange rate;
for given values of nominal asset stocks. Although o
qmwnnrmr'wumamumnmn

rates we must take acocunt of their disparste levels. The equilibrium
is thus defined as

InS* = k "lzlﬂ,":h!.}- 2ol +v310B
a2*h2 — Q%) ®
a2+82)(d2%y2 2%Y2

= | (82+v2)(a182%0281) + (a1~81)6372 Y 3y
Taz+82)(82°v2) ] v

S” varies inversely withy and B since the latter raise P. &
mms'mitmmp'unnuma,. Howsver, the
crmaa'mmmmnnmp'mn'. In the long
m,std-pmpadtivuyu!ndwunlym!'.

Equatice ( 8) represants the long-run portfolic balasce theary of the
muummmuuumwmmm
ormoummmumum-xmmm. Howgver
Mmmmmnmmu. 1.0. wien a3 »y; = 0,
1tm;wymmomm;

.
m-k*lﬂ. ~lod ¢ v1nY « q; lo¥ (9)

tid:htbnhtinmymlythmvotthcomhmnto.

mmnmznmmyu.mm«tumom
btalance thecry,
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Another special case arises when there is perfect capital mobility

i.0. whep 82 = é3 = =, In this case equation ( 8) simplifies to
(thh!uﬂ!'):-
105" = k + 8,100+, 108, - 1ok - ya1nR ( o)
czqz

i.e. the elasticity with respect to the domsstic momey stock is mims
cne and the domestic bond supply no longer affects the equilibrium
exchange rate. Howgver, external intarest rates identify the domestic
interest elasticity of the demand for money.

Therefcre equation ( 8) may be used to test & mmber of hypotheses,
including the monetary theory, the poartfalio balance thecry and the interest
parity theory. If 1nB enters the salution and the coefficient of laM
is less than unity the monetary and interest parity thecries must be
rejectad in favour of the less restrictive portfolioc balance theory.
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The Real Exchange Rate

Bquation ( 8) describes a thecry of the long run acninal exchange rate.
Ve now turn to the determinants of the real exchange rate in the long
rn. Ve proposs to derive these determinants using the balance of
payoents flow equilibritm identity

CAe¢eIX-BF=0 < -10) -

vhere EOF (balance for official financing) represents the goverment's
Spot market intervention. The curremt account depends on the real |
exchange rate btut it also depends in the UK on exogencus factors

such as the production of N. Sea 0l (N80). In principle NSO need

Dot affect the arrent account xince UK beneficiaries might spend

all their income on traded goods. Fgﬁ.gﬂ.rg!g
&ince they will wish to increase their commaption of non-tradeables

which by definition camot be provided tirough the balance of

pyasnts.

Whilat it is clear that an increass in domestic demand for goods will
worsen the UK crrent acoount and that an increase in foreign demand
for goods will have the opposite effect, it is unclear whether these
effects will be perzanent.

differences in the mpply characteristics of aggregate producticn at
bhome and abroad shich result in differential ratss of productivity
gowth in the respective traded goods sectors. This phencmenco has
besn widely discussed since the ccotribution of Balassa (1984). 1In
the absence of a series for world employmsat we spproximate this
productivity bias effect by relative GP, thereby making the assumption
that the ratic of K exployment to world is comnstant around a trend.

Since we obesrve neither the demand nor the supply of goods, we must
" regard the sign of the long-run relative Output effect on the real
excharge rate, through the axrent balance, s an exxrical matter.
However, our thecry suggests that a short-run negative relative output
effect may be followed by a positive long-run effect,

G =CA /K Mo, v, of,, ¥, 9, 7 S

whare the signs above the variables refer to partial derivatives.
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AB noted in the sppendix, ©apital flows depend cn changes in the
uncovered iatsrest rate differential and changes in the expected rate
of exchange Tate sppreciation. There Are particular factors which
atffect IK exchange rate expectaticns. For exmnple when a North Sea

expectation of a higher exchange rate underpinned by the larger implied
value of future o0il prodicticn. ‘The variable which we use in the
empirical section which folloms is slightly more complicated than the
Eoga.g»l-ﬂg%g. Its definition
is given below.
SOILRES/, = (DISC, - NSO,).FNSO, ,
Em ( 1)
Thus current production of oil (in millicns of tonnes) is
subtracted fram current discoveries of oil (DISC) before valuing the
difference at currrent prices and dividing through by the pominal value
of GP. It is important to realise that AOTLRES/ will actually fall
if there are no discoveries and also if the relative prioe of o1l 4n

terms of other goods falls. It should be noted that the capital account effect
of a discovery is shortlived; in order to cmuse & swtained capital
account inflow, it wauld be necessary for the pace of discowery of
new 0il resouyrces to increass A further soaurce of capital account
disturbance is the demand for sterling dencminated assets by OPEC,
following large current account surpluses as a result of cTuds oil

jrice increases. Again, the effect is expected to be tamporery,and
it would require the investment of some proportion of sustained OPEC
surpluses to have a psrmanent affect on the X capital acoount and

thence the exchange rats. Eowever, it is equally possible that,

‘by depositing larger quantities of short-term mopey in other financial
centres, sterling may effectively depreciste, and therefare the sign
on BALOPEC, suitably normalised, is indetermimate. Hence we my write

Ix = ox(als, dRsy, 4(8%e;=5;)) ( 13)
Cmbining equaticns ( 10) to ( 12) we can write a ccaposite real
exchange rate specificaticn . -

k = [W0,0x,a8 0.2 , afis, B, a(,8%,,, 2,0, B¥/ ] (1)
where EOF/ is defined as BOF divided by the value of total exports. The
principal determinants of aRS,sRS and $%°. are the relative asset stock growth
rates while §%iN also depend upco changes in the expected rate of producticn
of N, Sea cil (reflecting depletion policy) and upon the pace of discoveries

of new oil reserves. Thus, 2 ‘
§% S(au,uB, oM, 4B, 50,8 GILAES/ ,BALPEC) . ( 1%)

o For convenience we refer to anu-n&”..w«v as & »u the text.
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Integrating the arguments of equations ( 8) and ( 18) yialds a rich
theory of the detarmination of the equilibrium exchange rate which is

rerresented below as a regreasiocn specificatiom.

I e

"y H10Y, 10, prBSony 0 o0 8 OTLASS/vm, SALERC vmy SO/ 0
The determinants of §* are amitted from this list but they cousist of
higher order difference texms in the asset stocks and North Sea odl
variables. ?5&&.3»3%3«.8& nn.p-
assumed to adfust to S° in equilibrium but tissaenb.ﬁﬁab
be disturbed by movemsnts i o _ %%E!EE“BE-
to the market. _ﬂ.-&gggw.lg

a128, = 3l 8t - :Emuv?u ¢ ey as)

.gnnfgaggigggg
constant variance.

Ybe equaticns (3.13a), (3.14) and (3.15) are combined, & dynsmic .
version of (3.14) is obtained with differences and double differences
of the asset stocks appearing. Since our model already oocntains a
large mmber of parmwters, we decline to write out the )
theoretical dynsmic specification. However, in the estimation sectim

) Bk»oﬁollnﬂuﬂnl&uln. estimation methodology popularised

c«.g.n&ngvsn-ﬂoﬁiggnﬂl

appear as a remult of the process ©of parmmeter raticoalisation. To

sxmarige, the equilibrium proparties of the theoretical specification
are such that even if relative amset splies are fixed, the exchange
rate will sppreciate when new oil discoveries are anncumoed, or wben

N. 8. oLl producticn itsel? increases,

An interesting Juxtapogiticn betweenthe long run steady state and short

tarz dynamics is the case of ap incresse in the quantity of bomds.
Than B rises equaticn (3.8) suggests that the exchange rate will fall
in the steady state. Bowever, in the sbort term the exchange rate
may riss as ioward capital flows are induced by the increase ia

eventually cllagon- is going to fall may cause speculative
‘capital outflows in the short term. Therefcre the inmpulse Tesponse
of the exchange rate to a shock to bonds mey be quite complicated.
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111 Expirical Results

The estization ws carried out using sirgle equation techniques for
the quarterly data over the period 1970 Q1 to 1978 Q4, reserving the
succeeding six quarters for post smple testing. Details of the
dafinitions and sources of the data can be fomd in the Appendix. The
estimation period was lengthened to include cbeervaticns from 1970 and
1971, befcre sterling was actually floating, on the grounds that cracks
in the Bretton Woods systen were already evident and the effective rate
for sterling was not constant over thess two years. Begiming with
only 36 data points, it seaned senxible to try for bo more than a dozen
parmmeters of the model. Given that the static specification, ( 14)
required the estimatics of 15 parmmsters, clearly the dyommic aodel
fors would require that all the degress of Ireecdom be used up. Even so,
<he data generation process alons does not provide encugh information
to distinguish the independent effects of highly ocollinear campeting
tims series regresscrs such as relative aseet stocks and resl incemes.

In seeking to male defensible parmmeter restricticns co the sodsl, our
attention inevitably turned to the implications of ampirical studies of
asset demand functions. The balance of evidence from the post-war
period suggests a long-run homogencus relationship betwesn asset stocks
and prices and between asset stocks and real incoms., We tramslate
these suggestsd results into appropriate combinations of variables
This pemmxits us to test directly the hypotheses that the exchange rate
is hamogenous with respect to relative asset stocks and that the income
elasticities of zoney and bonds at bome and abroad are equal. We note
that Bilson (1978), in the context of a static bilateral exchange rate
specification, exbodied similar restricticns using a Bayesian amlysis
which allowed flexible probability limits around the prior parsmeter
valuss. A further a priori parmmeter constraint we spply is that,
spart from in the cwrrent pericd, the interest rate effects of money
and bonds on the exchange rate are assuned to be equal for demestic
and foreign aseets. Occasicpally an opportunity arises for the
relaxation of thess parametsr restrictiocns, but in the majority of
the reported regressions the own and world parsmeters bave not been

" fresly estimated,
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An ares in which published studies give far less guidance is oo the
question of the mmximm lag length that stould be coosidered in estimting
the reaction of exchange rates and prices to asset stocks. At the
risk of protracting the adjustment period we bave preferred to include lags
of 1 year in the case of the exchange rate, interest rates and real
incomes and Up t0 2 years in the case ©f relative asset stocks in the
genaralised regression forms. In the context of the lag-genaralised
regressions, we exmuine the steady state properties of the eqmtion
and, following Miscn and Eendry (1860), allow the data to determine
the dynamic structure of the pdel. Often these data-determined
difference tarms are quits camplicated and difficult to justify co a
priori groumnds. JFor exmple, a long difference temm <o relative money
stocks appears in most equations carrying a “perverse” posxitive xign.
Bowegver, it would be wrong to dismiss such an effect without establishing
firstly, the shape of the implied impulse response path, taking all
Teferences to the variables concerned into acoount, and secondly, testing
whether the equaticn dynamics are senxitive to the ammple period choean.
It aust, bowever, be ccnoeded that cn occasicns, and especially in mmll samples,
mnditiers act ‘as dumy variables, "mopping wp" what would
otherwise be large equaticn residuals.

oLis) B

In Table 1 we present estimates of three versions of eguation ( 8)

1n which the cnly real variables to be included are relative real incomes.
The variants derive from allowing a mixture of money and bonds to
detanmine the implicit UK long-Tun price level, rather than money cnly,
and from substituting the actual world price level for the warld money
stock (per wnit of GP) oo the assunption that cne could regard warld
prices as excgencus to the determination ¢f the UK exchange rate.

The Tesults are intaresting in foor respects. Firstly, in each
Tegression lagged dependent variables ecter with significant posmitive
cosfficients. We resist the temptation of attenpting to identify this
stcregressive behaviour with any particular method of expectations
formation. In seeking to establish the constitusots of the relevant
fgwmts’ infarmation St we are not &t liberty to distinguish betweso
texms in our equation which are backward locking,and therefore part of
the data generaticn process.and those which are forward looking, that is,
part of the expectation genarating process. Seccndly, that the
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hanogeneity restriction between the exchange rate and relative asset

spplies per wnit of P is strongly acospted in every case. Thirdly

that relative real incames carty the anticipated signs in both ehort and
long-rup in all cases and finally that the inclusion of the domestic
bood supply contributes significantly to the power of equatiom 1B over 1A,
carrying an implied weight of 12% in the reduced fom UK price level.

Steady State Properties

Bquation W :
A15S, = —0.042 + 0.183 83ls8, ’<§ gs 1S, o
(5.0) (1.8) wl #.
+0.449 agladed). , + 0.231 8ln ) = 0.358
.6 ,‘./Y‘t-z Q1) ‘\.,r"’ & = 0.024
S ) Q(8) = 10.4(15.5)
-osoru.n(,-)tl-omh t’rm L¥(S) = 7.34(11.1)
(1.4) Chow(6,38) = 3.8(3.6)
+0.908 1a(3-)
(4.6) Y' t=-3
Equation A S :
m--m—l/r) ozna(r) - 0.1
-1.29 Ah )
":
Iquaticn 1B :
® <0.038 + 0.2%0 4.1uS,_, + 0.371 ala8
et Rl el o T (3.4) T4 2
ey 8 sla--) - 0.57
8 a2 g c) VRS gloan
Q(8) = 11.8(18.5)
+0.207 s10(ff), - oo m<r>t-1 IN(5) = 8.9(11.1)
2.9 . 0 l Coow(6,28) = 4.3(3.6)
~0.712 1a( _.ooa:nn()-
(8.1) 'v/r 1 1.9 t-1
*1.476 1a(3-)
(5.6) Yy =3
Equation 1B S :

18 = - 0.88 () - 0.13 1@ * m;")

+ 2.07 1a(}) - 0.08 - 0.869 m(§')
L

-~
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Equation IC :

a1nS, = =0.027 + 0.379 . lnS, . + 0.344 4laS
0.9) (2.6) 1 (2.0) t4

22::: [ln(y/l’,)‘_z APy, ¢ - *“‘W’v’t-&]

t

<0.21 821§, _q + 0.200 alndh, 2 - 0.4
1.8 v (2.3) SE = 0.02)4
-0.885 4ln(s~), , + 0.836 AloP, Q(8) = 8.0(18.5)
(2.4) :; *1 1.0y v -3 Li(5) = #'“?ig o
-0.817 g §), , + 0.285 1ach)_ _ Gow(8,28) = €.1(3.
(4.2) ’;! 17 (20) t-1
+1.087 1n(¥~)
(5.0) k =3

Equation IC 8 :

108 = -0.68 1Y) - 0.33 1a(§) + 1P,
Y \ 4
1.3¢ 1n(g ) ~ 0.03 - 1.083 aln(g-)
AR 5

The version of the model which uses world prices (1C) is swrprisingly
inferior in standard error terms to 1B, and the reason sppesrs to be the
lack of precisicn attached to the coefficient of the warld price lewel in the
lag-gmeralised regressicn. The predictive performance of all tires
equations over the period 1979 Q1 to 1980 Q2 is abymml, with styong
evidence of a structural bresk at the end of the sample pariod suggested by
a OCampariscs of the Chow test with the relevant 99% F-etatistic. The
degree to which these oodels would bave underpredicted the prevailing
exchange rate in mid-1980 on the besis of all other equation information
given is contained in'Table 1A, It is warth pointing cut that what we
'shaild really like to test is whetber the steady states af equatiocns
exhibit post saple stability. In the work that follows it is clear
that dynamic instability is present at virtually every stage in the
estimtion process, and that there is good reason to expect that the
Chow tests will be failed. We it a ccmparable test of the stability
of steady state properties.

Before discussing the interest rate results in Table 2 more fully, a point
0f eccocmatric methodology is necessary. Whilst the nested equations 1A
to IC were derived from unrestricted forms, the dimemsions of

the degrees of freedan Rrcblem prevented us from repesting the exarciss for the
more camplicated models, In conssquence, we Dest the interest rate dynamics
from a partially unrestricted form in which the restricted ‘varisble cambinations
from Table 1 are used. In adopting this procedure we maks the assumption that

the dynamic structure of the first model is indspendent of the dynmmic structure

of the additional variables with respect to the dspendest variable.
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Table 1A : Prediction errors fram the equatiocus

Bquation $Mct1a:m'utht1wolot varisbles
of the exchange rate in 1960Q2%* included
1A -11.1 Relative Asset Stocks
1B «13.8 Ralative Real Incames
bTo -11.9
24 - 8.4 As table 1 equations tut
= <19 including relative short
. and long interest rates
3 + 8.0 As table 1 equations bat
B -0.1 including real effects
. of North Sea oil
“ +11.1 Relative Asset Stocks
L - + 6.7 Relative Real Incomes
4« + 6.7 Interest mates

North Ses oil effects

*A negative sign indicates underprediction

svThese fcrecasts ware Dade assuning the lagged value of the exchange rate
known as well as the actual values of the variables co the right-hand
side of the squation.
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Interest Rate Effects

In Table 2 we [resent estimates of the besic fcmn of regression augmented
by both short- sad long-term interest rate effects. The former
represent arguments of the capital acoount of the balsnce of paymsnts,
while the latter derive fram the inclusios of the opportunity cost of
bolding money framw equation ( § ). It is recognised that during the
estimtion period the own rate of interest cu the sterling M3 stock was
non—-ero and tbherefore to scme extent the effects are comfused.
Equation 2A captains four references to interest rates. In the
first place the axrent period change in world short interest rates
(taken as exogencus to the UK exchange rate) carries a negative sign,
which is cansistest with the capital acoount argunent. What is intsresting
is that the two higher order interest rats effecta both at lag cne, have
oppogite migns. This result iz ioterpreted as mpport for the hypothesis
that the detarminants of short and long-run interest rates and, implicitly,
expectad inflation rates, differ. The response of the exchange rats to
long interest rates is conxistent with the partfolic balance snalysis,
in which the opportunity cost of holding money carries & negative sign
in individual asset demand functicns. The bebaviour of short-temm
interest rates is quite different implying that the capital acoount
Tesponds much more readily to new information and takes account of the
institutional stickiness of price inflation in the short-rum.

Table 2 : Estimates of Equation Specificatica ( 8 )
Augmented by interest rate effects

Equation 24 :

AlnS, = -0.0468 + 0.417 alnS -1w641n( )
t (3.8 (3.6) -2 " (3.4) 7 -1

..o eas A,',m("t/‘,-)t 2" (124:? sufS, v,

B o0.652
mmacas-u) - 1789 4 BRAR), .  SE = 0.0172
3.1 *1 o) vl ) = 10 7:(15 »
P ¢ e = 307 BBy cowe,26) = 8.2¢3.6)
+1.038 h(r t-3

(5.5
Equation 24 8 :
108 = - ;- i - 3.0
iCA) * 312 1a(y>) - 3.10 sals,

- 0.51 n( - 2.06 ala(3~) - 0.084
RL-EL) 72
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Equation @B :

AlnS_ = -0.08 + 0.426 alnS 000341:( )
t(7.3) (3.4 t4 e0) t’r"z

MY
+0.342 Ah(t/'.)w 0(0.1’1 Aln(!)t

(2.1 13 . 0.60

-1.1m ‘”“r’c-l - 0.43% m(,-)t_, S = 0.0172

(: .5) ‘2 :)' sy Q(”')ﬁ"“{’i”
«1.448 ADRS - = O. 1M(S)=14.98(11.1)
e vt (8.0) t’?‘ t-1 Coow( €, 25)=10.8(3.6)

+1.274 ln( ) 0 aaa o(RS-8S,

muouzs:l! v
1nS = « ln( ) + 1.8] la(e~) - 0.79 n(RS-RS
Y, T, v

- 2.17 soBS_ - 2.3 mc‘,’;) - 0.00

‘Equatiocn 2C : (Two stage least squarss)

4lzS, = -0.03 - ozugmst.loomashll-/r

e @ 5.9
AP e 2 1 8y
it d S R gk o S8
et U b

Pttt 201

vhere “ denotes the endogencus variable oo the right-hand side
Bquation &C 8 :
1S ® - () + 0.82 In@-) - €.83 0 BS
rpa .
+8.19 085, - 2.373 oln <’r') + 3.22 soRS

- 1.48 Anlﬁ' - 0,085
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« 0.0120
Qe 718.5)
IN(S) = 8.7¢11.1)
Cuow(®, 26720.1(3.6)



In equation 28, where bonds are included, we find only & short run response
in this equation. By contrast with equation 24, it is cnly ehart-
interest rates that mattar in both the sbhort and loog-run. However

1t should be noted that the currest period Aln(l) effect could be
interpreted as a domsstic interest rate differential effect. Since
their long-run determinants are similar, it is not soprizing that
squations 2A and ZB have identical standard exrrors. On its superior
autocorrelation properties, equation 24 is preferred, although the
constancy of the model mm-mwigdunngdnbothm.

Simultanecus Equatico Estimmtion

hmmmysmmnmmmimmtm
ummmmmmmnmmmmm.
mwmtmummlmmmmuondtbm

period domestic interest rate effects where the govermmat's
mmnammo:utimumm&uu
dmumumymmammwuthm“m. The
Temults (represanted hare by equatiom 2C) ware good in statistical terms but the
mmmmmawotm:wmyatmmem
high at 4.9 for X intarest rates and 5.2 for world interest rates.
Amu&mmumwumm-dmm:c

money functicns, as suzmrised ao pp 136-8 of Coghlan (1960), revesled a

wide discrepancy between the two. An explanation for this may be attempted
in terms of the dissimilarities of econametric tectniques used and of the
data swples selected, However, in the light of the amaliness of the
interest elasticities cbtained from equations 24 and 38 we must regard
the two-Stage least squares result with caution, especially as the
hypothexis of model constancy over the period 1976Q1 to 198032 is over-

" whelmingly rejected.

Qoe of the problems of simultaneity in smll ssmple estimaticn is that,
since there is no test of statistical ccosistency, we can hawe little
Muwmmwmammmmmmdbymm
‘similtanecus relaticnships. As &3 AtteEPt tO minirise the problem
we avoid the use of current dated varisbles co the right-hand side
wherever passible. :
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The second phase of response begins in period six
when the indirect effect of money on the exchange rate via the domestic price
level beccomes very powerful.

In order to test this interpretation, we cambined this naminal exchange
rate profile with the impulse respooses from an independently estimated
equation’, reported in Beenstock and Longbottam (1960), of the dynsmic
effects of zoney co the price lewel in a closed econamy. The result,
assuning the world price level is unaffected by the damestic money stock,
is the "real” response profile oo chart 1,

In confirming our interpretation we find that "overshooting” of the real
exchange rate in the short-nm is extremsly mild giving way to more

substantial undershooting in quarters 4 to 8 and overshooting in the
third and fourth years. It is conoeded that we are not allowing
interest rates an explicit role in the model implied by equation 1A,
mechanism on which Dornbusch (19760) places great emphasis. To
analyse how much difference this is likely to make we repsat the exsrcise

for equation 2A in cambination with the same
moey/price profile, oo the asmumption that the damestic short interest rate

The result is shown on chart 3, Whilst the Overshooting phencmens
finds support in the very short-run, it vanishes very rapidly snd
the response profile is little changed fram befare by period 6 .
(Although the.level of the long interest rate differential has a

. purmanent effect it responds pegatively in both short snd loog rwm
to an increase in domestic mopev).

*equation (10) oo p 12
33«8‘0&?&.&83«’1&3 rise in the K,
is difficult to sse how the anncuncement onnv-g»uﬁgﬂdlﬁ

could be attributed to any significant extemt, to overshooting.
sste.8. p L7
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'8-
Effects of N. §. O11

The results set ot io Table 3 attampt to capture the real effects of
North Sea o1l discovery and exploitation ou the UK effectiwe exchange
rate, in addition tO the basic arguments of equatiocn ( 8)

The two variables which represent oil effects in the exchange rate
gfsegog EEEEEEEEE the ground
«oqgressed as a proportion of GP (as defined on p. 8 .) and the axrrent
accaunt effect of oil production, scaled by total exports at current prices
(50¢/Xg). The former varisble captures the cne-off effect of the discovery
and/or’ the revaluation of existing resarves by a change in the real oil
price whilst the latter variable picks up the effect of the curremt

account improvement oo the exchange rate and remains as & steady state
argumsnt. To the extent that a propartion of the known oil ressrves
has becane regardsd as & permanent increase in incame and ocomsumptionm,
this is already reflected in the real P terus in the regressicm.

Hngv-%ﬁngﬁpng«&oa&g«w
associated with the parmmeter estimates of the North Sea oil levals
variable, (NSO£/XE), on account of the fact that it takes 3eY0 values

1978, leaving only a few degress of freedom with which to estimate the
parsmeter. Thus the major build up of production occurs outside the
smple period. When the estimatiocn period is extended to the end of
1979, much bettar determined parmmstar estimates are cbtained for the
o1l effect, but unfoartunstely, the winle dynmmic structure af the equaticm
eperiences change after 1978 and cne should really begin the modelling
exsrcise again fran ecratch over the longer data pwricd. However
the equations presected in Table 3 give an illustration of the way in
which the oil effect enters the empirical analysis., Contorming to
the earlier pattern, the cnly differences betwesn 3A snd 3B derive frem
the use of cnly money in the former and both money and bonds in the
latter. Cn standard error grounds equaticn 3B is clesrly sperior
and earries much sore plausible steady state properties than 3,
although 38 now fails both mrtocorrelaticn tests. Again we have
evidence that the inclusion of the stock of bonds provides a gain in

equaticn efficiency. However, the Chow model constancy statistic now passes the

F-test 20 equationm 3A whilst failing in the case of 38, as a result of the
reduction of in-emple variance relative to cutside-smmple variance. The conclusicn
™ be dram from this, ccosidering that Table 1A confimm the Smprovement in

“his Bdag:gigﬁlnﬁio»gob
gsgﬁggﬁﬁtoﬂ-ﬁnasgg.
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Table 3 : Estimates of Fquation Specification (3.8) including

North Sea 0il variables

Equatico 3 :
alnS, = <0.08 + .189 agln(oday .+ 277 alafd
t (7.3) (2.0) 02 1.0 "v/r)

+3.232 & “'%o’sz-x - 3.218 ma("’°§t_1
(2.8) .8) 2 = o.52
:g.;“;u Au(m-)‘ 1" 0.3‘3 lﬂ(a c/y;)t_l :s;.g.?u()ls 5
+1.167 1n(3-), o ¢+ 1.738 .(’505 IM(5)=. 5(11.1)
(5.8) Tyt3 oy Bl Chow(8,27)=1.9(3. 8)

Bquation 34 8 :

4 Y
1S, = - ln(tly;) + 4.8 ln(';)

+ 7.13 n(%’ - 0.2¢4

Bquation 3B :

WS i e Ty e
.31 a.h({:/})t 2 0.3 41:;(,“c/§‘-’)t "

-0.386 ‘1"‘7" +(g.g¢ LR

(1.4)

+0.00866 4 )e 4 = 0.58 1n¢S-A-2

(5.7) T 1 (4.8) e

Rk SRS s L L,

+0.000 1n(}. . - 0.372 4 Q(8)=10.8(18.5)

@0y Bl gl il L&(8 >' 1().}1 s%% o
Bquation 3B 8 : o,

1S, = -0.839 1n({) - 0.161 1a(@) 2ty

+2.625 1n(§-) + 1.708 oY - 0.9 slaf-) -~ 0.08
w w
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the redictive accuracy of the model when N.S. oil varisbles are
-included, is that it is the instability of the dyammic structure of

the equation which is primarily respoosible for the failure of
grediction tests, Tatber than the steady state properties.

Identification of the Structoa) Parameters

t 48 ‘interesting at this point to note that the framework developed
lugnbg'oﬂoa whilst overdetermined in terms of the parameters
af the naminal excharge rate model and the equation dynmuics, is nesrly
identified in the case of the steady states Of the real variables..

Bewriting equations ( 10) to (. 12) as parsmetxic functions sad making
certain simplifying assunptions we may writs :

-
Q- a11a¢® .wuv . :E«w oy OF5) ¢ 18
. 2
IX = ) an(RS-RS) ¢ §; & QILRES BALCPEC
* W
ey s T, 0 aex
3 ubam ﬁﬂvl.oluuubnviﬂul ~r) .nlubnala!v 13
ay 1
.
femms, o WL/

In arder. to identify the structursl parmmeters of ( 18 ) ao sssumption about
a3 is necessary. The paracetar o) Iepresents the proportion of N.S. oil
Joduction (and therefcre income) that is oot offset by ependiture co traded
§cods, in other words, o3 is the net effect of N .8. 01l on the curreat btalance
of payoects.  Using the smalysis and asmmpticns of Forsyth and Kay (1960) we
‘can deduce ap implicit valus of e3, if we make the extra sssumption that

" 5o moTe than balf of UK primary prodiction s exported. Thus the addition
of £10b to oet output Tesults in an additiooal £3.7b of Inports implying

a3 = 0.83.



The lete ication

It is always a hazardous exercise to cambine several strands of thearetical
analysis into & xingle estimated equation, and the problen is often made
acute by the smllness of the available data sample. However the
modelling exarcise would be incavplete if we did not attampt to integrate,
in particular, the effects of intarest rates and N.S. oil variables into
equation specification ( 14). JEguations 44 and 4B are the resulting
estimated equations, the distinction between them being in the choice

of the implicit determinants of the UK price level, as before. The
carparison between the "momey cnly” and "money-bonds'” models beccmes
extremely important viewed against the thecretical framswork developed
above. In particular, equation 44 has & steady state which excludes
long-run intarest rate effects, and is therefore repressntative of model
( 9), whilst equation 4B identifies an effect of the dwmstic stock of
bonds co the exchange rate, & result which is indicative of the generalised
portfolio belance model of ( 8). Poth squations reject the interest
parity model as described by equation ( 6m).

In attexpting to reach a conclugion, coe sust taks account of the implisd
values of the structural parmmeters as well as the tests of sutocorrelation
and predictive performance. Such s multi-criteria camparison is unlikely
to yield an unambigucus result and this is confirmed below. In terms
of the implied parameter values of the structural xodel ocutained in
(18 ), we find the following results.

Table 34 long Run Structural Parsmeters

‘Sylbol Meaning . Equation 4A | Equation 43
o Elasticity of the current aceount
with respect to the real exchange
rate 0.10 0.14
8y Effect of relative real GD? om
the current account 0.47 0.50
(Implied productivity bias effect ~0,85%p.a. =0.91%p.a.)
ey Net effect of N.§. oil production
ou the current account 0.63% 0.63*
L Elasticity of the cspital sccount
with respect to the interest
rate differential 0.33 0.11
$2 Elasticity of the capital account
to the pace of K.S. oil discoveries
per unit of nominal CDP 0.0025%% 0.0036%s

L]

Assuned value

** This coetficient applies to a temporary, not s sustained capital inflow.

The precise definitiom of (OTLRES/GDPLE) is given on p. 7 , equatiom lla.
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Table 4 : ZEstimates of Equation Specification ( 16)

Equation 4

Y
a1zS, = 0.072 + 0.441 as¢ M-
t U 20.9) (4.8) -2

2 2
+1.083 4 n(RS-RS -1.484 8D
an wit-1 € (R~ )

CILRES

oy 0y * 300 MEPE e

S Moy Y
-0.278 1n(S ). . + 1.289 1n(3-)
(4.0) L1 "6  TwtS

«1.72¢ 0=

LM(5)=8.3(11.1)
Chow(6,25)=4.7(3.6)

tion A S : v v
M

oS s . 1n +4.63 1In
AR

+ 6158 aCRRf - 3.219 anks, - 2.04 410@-) - 0.228

Equaticn 4B . v
AlnS_ = -0.062 + 0.464 4 + 0.205 a¢ln(d/o-)
(8.3 (3.7 . =4 (2.3) . K'Y

+0.39¢ Aln(d/fe-), . = 0.195 Aln(e~)
(3.1) rip S el s 1
+0.265 alnlf) + 0.383 sn(RS-RS)). 2.om
(4.1) (1.8) 8E = 0.0137
+1.513 an( + 0.012¢ 8, (T2 Q(8)=13.3(15.5)
1.6 s ‘;1 (8.3) '(m;— -1 “‘”;1;53‘&1'%
<0.484 1n(°¥—/g=). . + 0.0096 la(w) Caow(6, .
(5.9) '7;/?; *1 (2.0 Blr-1

4
+1.685 1n(g-), 4 + 3.164 oGP
w3 T3 (e 3

)
3-‘)

mti@ 48 8 : 2 "
: 10S = -0.794 my) - 0.208 1a(y) * h(:)

+3.508 In(g-) + 4.43¢ oG + 0.782 an(rs-ra) - 0.128
-
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Equation 4C
1nS, = -0.081 + 0.347 4lnS, .
.o . 2) (8.8)
+0.318 aln(¥ - 0 683 ala(y

+0.168 Aln(s

)t
(¢.0) (3.2) (2.9)

U9 ey as
-0.5408 1n(S'g-A-). | + 1.78 1n(e-)
(9.1) K100 — Tyt3
+1.747 n(‘q
(5.4) “r/t-3

tion &C 8 :

m--(t/r)oammy;)oawn(%
- 2.219 anksS -usuhey-)—ou
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S
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+0. 0094 ‘“‘%.&;):-1 - 0.0343 a(’“’S - & oaae ¢

Peos

& = 0.0121
Q(8)=19.8(18.5)
IN(S)-14.8(21.1)
Chow(6,22)=7,3(3.6)



- 326 -
A casualty of integrating the N.S. oil variable into the specification
gubgowuugneube!ﬁggona?nvoog»ounwou
Eﬁgﬂﬁggﬁgﬂguﬂ: 1f£ ) = 0,14, wo can
gﬁgegugaﬁgﬁgaegﬁggg
rate elasticities is 1.1¢. This implies rather smallier overall trade
elasticities than empirical studies from the 1950's and 1960's indicated,
although more recent studies have found ‘import elasticities of about.a
balf, e.g. Wnitley (1877). Since cur entire estimation period spans
ocaly the 1870's, if the relative price elasticities of export and import demand
functicns dewe -izg£act declined then the estimate above seams quite plausible.

Su.uoonoppnoﬁ 3 implies tiat a one per cent increase in the
uncovered interest rate different E would generate a meagre capital
goaoanuuﬂb»og m(l&..._nluanoa & large degres Of
underestimatior ¢2 o 1, the capital account respoanse is uplikely to
Gnooonnwooal._.».b. Either way the interest elasticity is Jow and
Egoc&uaﬂfaﬁsgo&wuvﬂnﬁoﬁug%n

The 'mcmey culy” model, couotained in 44, passes both the smll sseple
Bax-Pierce and the Lagrange Multiplier tests against autocorrelation,
whereas 4B passes only the former. This pattern has prevalled throughout
with the exception of specification 1B. On efficiency grounds € is

much to be preferTed in the cass of the simple aodel and the N.S8. oll
modal, but on both occaxions whare interest rates are explicitly

included, both models perform similarly in terms of standard error.
Equation 48 has a marginally smller standard error than 4A. Foally,

oo the grounds of dynmmic post sample stability both models perform badly,
although we would argue that the test is & stern cne. In attempting

t0 predict the quarter to quarter sovemsot of the sterling effective
exchange rate during 1979 and the first half of 1960, there was considerable
unavailable extermal informatios. In #0 far as the election of a
Conservative govermmsst, the ammouncement of & zore Testrictive monetary
stance and medium-term strategy in the UK, the abardomment of outward X
exchange controls and the Volcker measures in the US are items of
information which are not adequately ccntained in the explanatcry variable
Set, then dynmmic equation instability could be said to be inevitable. In
tarme of the stability of the steady State prediction of the

excharge rate, both equations overpredict 198032 (see Table 1A).
In R view of the further appreciaticn u-nﬂ.tbanbo.cl!!!. :
Deither result can be disregarded,
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The Role of Official Intervention

The estimated equaticns prior to 4C exclude the intervention variable,
BOF/Xt, and since it is a po 1licy varisble of same interest we seek to
renedy this amission. Girton and Ropwr (1977) estimated an exchange
Tate pressure nodsl for the Canadian dollar, in which they perfarmed .
constrained camonical Tegresxions of the form

BOF + AlS = 7 ( 19)
ﬁ N -’
Such & model has the advantages that it allows estimaticn over both fixed
and flexibls exchange rate regimes to be carried out (although cpe would

probably still include scme allowance for institutional structural breaks) ’

and that it awiids the problem of trying t0 cbtain carrectly-signed

efficient exchange rate estimmtion, since the BOF ccmponent of preamire
adds congiderably to the equaticn variance to be explained.

A sscond approesch is to estimate BOF and exchange rate equations as &
systam. There is an unawoidable simultaneity here as interwention in
both spot and farward exchange markwts is necessarily spoutansous. Work
has proceeded along this line of enquiry at the Bank of England carried
out by Haache and Townend (1860). Although identifying a plsusible
specification for the BOF equaticn the authors found the BOF term in the
exchange rate equation to be insignificantly different from sero.

. The simplistic approach we adopt in equation 4C, (which is to emphasise
that we do mOt regard efficisnt estimation of the interventiocs coefficient
a8 & principal cbjective in this paper) is to enmter BOF/X: directly into
the equation. The term enters &s & crTent pariod difference followed by
.ngﬂuoaﬁﬁpggﬂl.gaﬁgﬁln. although

355



oorrectly signed, is very xignificant.
* The implied response of the exchange rate to afficient intervention in

that the govermment cannot permanently slter the level of sterling
without the help of infinite reserves of gold axd fareign axrrency.

The estimated short-run effect of a tlbn sale of foreign axrrency is a
starling appreciation of less than 0. 4%. It should be noted, however,
that equatica 4C with cggﬁgcg
prcbably over-fitted.

v Eﬂng

In the omtext of the most basgic form of portfolio balance modsl, our
21rst conclusion was that the inclusion of bonds into the specification
was & significant improvemsntover the simple monetary modsl, although

in both cases there was strong evidence of dynamic post-smple instability.
gﬁgﬁﬂnggoﬂgg»ﬂi% levels
predicticos for the exchange rate in 1980Q2 which were over 10% too low,

When interest rate variables were explicitly included, another significant
improvement in equation efficiency occwrred, especially in the case of

the sinmple monetary model. At this stage we ximulated the effects of

& pmtmapent cut in the money stock on the nominal and real exchange rate to
exammine whether the Darnbuech  overshooting phenczsnct was observed.
This effect sppeared to be extrumsly shortlived and was followed by

more substantial periods of undershooting. The interest rate-augmsnted
models underestimated the level ¢f the exchange rate by cnly 3-3% less
than in the original case.

The addition of varisbles to proxy the caurrent and capital acooumt
effects of the discovery and exploitation of N 8. oil further enhanced

~ the within sample precision of the money-bonds equatiom in particular.
More dramtically, the levels prediction of the exchange rate is in
Egggﬂnflnaﬁcgaggzu wvariables
are excluded, inplying that the impact of the North Sea on the exchange
Tate is primarily responsible for the rapid appreciation of sterling
since 1977.



In the estimation of the carplets specification we draw attention to
the dangers of overfitting the equation and tbe implied structural
parsnwters indicate that this problen bas becune serious at this stage.
On the balance of the evidence we conclude that the portfolic balance
model is to be preferred to the simple zometary sodel because of its
gonerality, although the coefficient on UK bonds is probably no larger
than 0.2. It is also acknowledged that the inclusion of bonds appears
to induce moTe autocorTelaticn into the model, apd for this reason the
only-coney model cemnot be rejected on the basis of this evidence.
Fioally we examined in a sgimplistic way the sengitivity of the exchange
rate to interventicn by the authorities. Our results
suggested that the disturbance to the exchange rate by way of these
flows was of both minor and temporary importance. '
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Appendix

&) Data Definitions and Sources

: Total noo-bank private domestic boldings of British

govermmeut searrities at naminal value, fm.

Source : Bank of England Quarterly Bulletin ammual article
on the camposition af the national debt, Quarterly valuss
ware obtained by interpolation uzing the net

acquisitions data as a2 guide to the guarterly pattern,

: Bxparts (£.0.b) minus imperts (c.i.f.) of the oll exporting

countries expresssd in billicns of US §,
Source : IMF Interpatiooal Fimancial Statistics

: Balance for official financing, fm,

Souzrce : Foancial Statistics

: ?EgFegggiEogou

: Sterling M3 mopey stock index (197%=1) derived from the

saries provided in the Bank of England Quarterly Bulletin

: Index of World M3 money stock (1975=1) constructed fram

17 individual oountry indices using gecnetric trade weights

: The valus of Rorth Sea 0il production at aurent prices fm,

derived as the product of NSO and PNSOE

: The value of estimated N.S. 011 reserves in the ground at

current Jrices expressed in terms of quarters’' worth of
ansual expenditure, constructed uxing the definition on page 7,

: Index of World® Wholessle Prices in Warld currency (1973=1)

Constructed fram 17 individual country indices using geametric
glgﬂhgc

: Price of a typical tonne of North Sea oil in ¢, Oonstructed

from the dollar series contained in Oilfacts using period
sversge axchange rates.



()

j

‘excluding X

-3l -

Shart temm rate of intarest (91 day Treasury Bill Rate)
in % per anmm.

Source : Bank of England Quartsrly Bulletin
'cm'smmmlrutnu.iwm.md
as a weighted aversge of US, legq.cmnqum
Redemption yield on mediun dated UK govermment stocks, %
per anmm

Source : Bank of England Quarterly Bulletin
'arm.louummxtu. derived as & weighted average
of secondary mmriost yields of securities of maturity
greater than 10 years for US, Japan, Germany and France,

. Effective Exchange Rate Index (1975=]l) in foreign arrecy

par £

Source : Bank of Ingland Quarterly Bulletin

Total (X exports of goods and: services at crTent prices, fn
Source : Rconamic Trends

Index of UK Gross Domestic Product at constant 1975 peices
(197%=1)

Sonxce : Econamic Trends

Index of Warld” Gross Metiomal Product.1975s1. Constructed
as & weighted average of the six largest n-{X comtries’ Q¥
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b of 1s used

& . : First difference cpsrator
'y : PMrst difference of & first difference opsratar

1nx : Natural loguritim of x
a(x) : Ia [1 + (fw)J
¢) Explanation of diagnostic statistics used
Maltiple correlaticn ocosfficlent adjusted for degrees
of freesdomn
: Estimated equation standard erryor
UX) : Smll semple Box-Pierce statistic testing the mull

hypothesis of randamess of the residual correlcgram
to degree X. If the Chi-squared value in parenthesis
(e.g. 15.8) 15 excesded by the test statistic value which
precedes it, then the mull hypothesis may be rejected
at the $9% confidence level

LM(Y) : A lagrange~dultiplier test for the joint significance
of the first Y autocorrelation cosfficients. A test
statistic which exceeds the bracketed chi-squared value
indicates the presence Of significapt sutocorrelation

aw(zl,zz): The Chow statistic tests the hypothesis that the
resicdus] s of squares fras the equaticn estimated
over an additicoal I, bbeervations belongs to the swme
population as the residual sun of squares fram the
cariginal equation estimated with 83 degress Of freedom.
This statistic bas an F-distribution and the 90%
critical valus is given in brackets. Again if this
valus is exceeded, the test fails.
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