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PREFACE

Monetarism, and more particularly, the Monetary
approach to the balance of payments has been the subject of
important theoretical debate and empirical research over the
last twenty years, and has assumed particular relevance in
the world inflationary impasse of the present day. Although
of great relevance to South Africa, the theory has received
conparatively little attention locally and statistical
studies are rare. It was the purpose of this thesis to go
scme way towards remedying this lack of information, and it
is hoéed that in doing so a more active interest will be
stimulated in what this author believes to be of fundamental
economic importance, namely the sources and effects of the

money supply.

Chapters Two and Three investigate the sources of
the money supply. Chapter Two was written by Brian Kantor
of the School of Economics, and is included in the work for
completeness as it forms an economic introduction to all
that follows, particularly to Chapter Three. Chapters Four

and Five analyse the effects of the money supply, and use the

most up-to-date estimation procedures currently available.

Rigour and generality have not been entirely sacri-
ficed, and - where space permitted - additional material

was included so that the Statistician or Economist, anxious



to acquire a good understanding of econometric methodology,
and who might not be particularly interested in Monetary
Theory would still profit from a reading. This is parti-
cularly true of Chapters One and four. In addition an
extensive Appendix (viz. Appendiz A), covers in a logical
order many techniques of econometrics that students new td
the theory, will find of value. Most of the data used in
the analysis has also been included so that results may,

as far as possible,.be reproduced and extended.

I should like to thank my Supervisors, Mr. Brian
Kantor and Associate Professor A.H. Money most sincerely
for their constant support and encouragement throughout,
and also to Brian Kantor for allowing me to reproduce, as
Chapter Two, an earlier paper of his own. Many thanks go
to Professor C.G. Troskie for his friendly assistance, and
for his help in standing in as Supervisor while Associate
Professor Money was on sabbatical. To Dr. C.R. Wymer at
the International Monetary Fund in Washington, my deepest
appreciation for allowing me to make use of his suite of
computer programs without which the estimations of Chapter

Five would not have been possible. d

I should also like to thank the staff of the Univer-
sity of Cape Town Computer Centre, particularly Mr, Daviq
Wright, for their invaluable computing advice,-and to ogr
secretary, Mrs. M.I. Cousins, my gratitude fbr her superp

typing which transformed my illegible scrawl to somgﬁhing



resembling a work of art! Finally I should like to say
that it has been a pleasure and an honour to work with my
colleagues in the Department of Mathematical Statistics

during the time that I have been here.

I am indebted to the Council for Scientific and
Industrial Research and the University of Cape Town for

scholarships awarded which enabled me to undertake the re-

search necessary for the campletion of this thesis.

A .M. Hﬁrwitz
Cape Town
July 1977
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1.1

CHAPTER ONE

THE NATURE OF ECONOMETRIC ANALYSIS

"Nature's action is complex : and nothing is gained in
the long run by pretending that it is simple, and trying
to describe it in a series of elementary propositions."

(Marshall (1947)).

The construction, estimation, and interpretation of
Economic models in terms of statistical analysis is fraught
with many serious problems and drawbacks. It is the purpose
of this chapter to outline some of these areas of difficulties,
and is intended to serve as a guide to the interpretation not
only of results presented in the following chapters, but also
for Econometric analysis in general. It is assumed that the
reader is generally familiar with such common terms as "linear

model,"” “"endogenous and exogenous variables," and so on.

1.1 PROBLEMS OF STATISTICAL INFERENCE - THE SAMPLE/
POPULATION PARADIGM

There exist two major schools of thought in the inter-
pretation of statistical experiments, namely the "frequentists"
and 'Bayesian" viewpoints. It is the‘former that we adhere
to in this work, although this should not be taken as re-
flecting any particular bias.
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The prerequisites of the frequentist position are an
underlying population that is well-defined and a statistical
distribution associated with this population that xs also
well-defined and which accurately describes its probalistic
behaviour. The unknown parameters of this distribution are
called the "population parameters." On the basis of a
sample that is chosen randomly from the population, inferences
are made concerning the form of the population distribution.
More specifically, for our type of analysis, a sample real-
ization of a time series is chosen at random from the popula-
tion of all possible realigations - this population being
assuned to have certain distributional properties, for example:
stationafity. When we consider, as we usually do, a situa-
tion involving a random variable that is continuous, then the
number of different random samples that may be drawn from the
population of all possible values of the:random variable is
~a priori infinite. It is then assumed that with larger and
larger samples our inferences conceining the population para-
meters become more accurate and, in the theoretical limit, con-
verge to the "true", or population, values. This convetgence
cannot be defined in the same way as the concepts of mathema-
tical convergence can, but is an intuitive construét.‘ Al-
though this approach works well in many real-world applications
there are a number of serious obstacles to its correct appli-
cation in an economic context. This will be discussed below.
There are however conceptual difficulties associated with the

frequentist argument which lead many statisticians to an
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alternative view of the meaning of probability namely the
Bayesian, or "degree of belief," interpretation (Jeffreys
(1922)).

In the view of the Bayesians, probability statements
about population characteristics - for example, confidence
intervals on parameter values - are to be looked on as re-
flecting the degree of belief that we are prepared to place
in our assertions about population values. The odds that
we are prepared to place on, say, a parameter lying in.a
certain range gives rise to a probability distribution -
‘the "prior distribution" - of that parameter, This prior
distribution is then combined with a likelihood fﬁnction*
based on a random sample from the population in containing
the parameter question, and this gives rise to a "posterior
distribution" on the parameter, which incorporates the addi-
tional information derived from the sample with our prior
beliefs. The posterior distribution then becomes our
prior in any new sampling experiment, and so on. It can
be shown (Box and Tiao (1973)) that this procedure has the
desirable property of allowing even initially "diffuse®
prior distributions to converge to accurate statements con-

cerning the population.

Both frequentist and Bayesian procedures allow us to

make more accurate probability statements on the basis of

*Jeffreys (1922) gives the likelihood function a degree-of-belief inter-
prctl;ion. See, however, Bulmer (1967) for an alternative view.
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larger samples. There is, however, no watertight progedure
for protecting us against false inferences, although we
usually try to minimise this possibility in a "Type I and
Type II Error" sense, (Mood and Graybill (1963)). So long
as we do not have complete knowledge about the population
there is always the danger that we are either rejecting a
true hypothesis, or accepting one which is false. ‘Further,
S0 long as our statements about the population distribution
are accurate our 1n£erences about it will be, in the “long
run" of statistical theory, also accurate. If, however, we
have made errors of specification - if we have not allowed
for all possibilities - odr inferences will be either in-

consistent, biased, or totally false.

In the physical sciences, noted for their success at
achieving thoroughing consistency and predictive accuracy,
all "laws" - even the fundamental ones of conservation of
energy and of momentum - are nothing more than statements
of degrees of belief about the "real®™ world that are held
with high confidence. This confidence is based on count-
less observations of these laws operating without féil, and
of the constant effort to weed out inconsistencies, and to
reconcile apparent contradictions in the theory. wWhy then
has Economic science not been able to apply the "Scientific
Method"™ with any great degree of success in reconciling com-
peting theories?
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1.2 PROBLEMS OF ECONOMIC SCIENCE

The genoral methodology of econometric analysis is
as follows: from economic theory, either received or ob-
tained via direct observations as the “"real world," a
mathematical model is specified in an acceptable form and
its equations are given statistical content usually by the
inclusion of error terms with specified distributions. The
p#ramaters of the model, be they elasticities, marginal pro-
pensities, lag coefficients and 8o on are either unknown or
specified a priori to have certain values. Observations on
the economic variableg appearing in the model, for example:
consumption, the interest rate, money supply, etc., are obé
‘tained in the form of historical time-series data, and the
unknown parameters of the model are estimated by a procedure
such as Least-Squares Regression which gives values that are
in some sense optimal. Infexences about the parameters may
then be made with reference to their estimates and other con-

comitant statistics, for example their t-values.

The question is: “Where does this procedure, as applied,
usually break down?" and the answer unfortunately is: “At

1

almost every step of the way."

In the first place it may be asked: "What is Economic
theory?" Is there one theory - the theory - or are there
many different theories which may be expected to'"converge"

eventually into a single theory? Is theory just any possible
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interaction is of a dynamic nature. This point is made by
Culbertson (1968) who points out that this, in itself, is a
specification error which leads again to specious "structural"”

models.

The methodology of statiatical hypothesis-testing -
that of random sampling from a potentially infinite population
is .not achieved for two main reasons. Firstly it is im-
possible to set up ;ontrolled experiments (in the nature of
the physical sciences) in a social situation. One cannot
"stop the clock, turn it back, and then go over the samne his-
torical period - this timé,changing only one variable - and
observing the effects on other variables." It is further
not permissible to take two separate.historical time periods
as two random samples and to compare the results however
close the time periéds may be because it is intrinsic to the
nature of a social system that it changes its structure con-
'tinuously, and hence a model that might be accurate for an
earlier period is not valid for the later one. A model
that is valid at the start of a period will be an inaccurate
reflection of the economic structure at the end of the period.
This objection is usually overcome by estimating over rela-
“tively short periods when the structure is assumed to be
changing only very slowly, or allowed for by dummy variables
-} o éth.r a priori changes in parameters. We are given only
one set of historical data from which to make inferences.
Secondly it is in the nature of students of econonics to go
on trying out different time series in their structural models
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until a "good fit" is achieved. This breaks the rules of

the frequentist's random saméling although it might, dubiously,
be explained on Bayesian grounds as representing increased
prior knowledge about‘the suitability ofidifferent indicators.
Instead of changing the model to fit the facts, the data is

changed to fit the model.

The procedure whereby stochastic properties are iﬁtro-
duged into a structural model by‘simply adding an error term
on to each equation and then, as is usually done, assuming
that it is Normally distributed, is not as arbitrary aé it
appears at first sight. 'It achieves the same simplification
as did Langevin in connection with the Maxwell-Boltzmann
diffusion equations (Fuller (1969)). There are certain
well-known conceptual difficulties to this procedure in the
forin of the non-definition of derivatives aiising from its
use in a differential equation model, and which will be made
cledrer later in this thesis. As an idealization it is
actdeptable, and does go some way towards accommodating the
effects of excluding variables from a model; the Central
Limit Theorem (Mood and Graybill (1963)) makes the assumption
R of Normality more plausible, but we must be on guard against
stretching these positive aspects too far. Certain vari-
ables, for example, may only take on positive values, and
to describe their variation as random Normal is to make a

specification error.

Lastly, there is a tendency in economics to introduce
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variables that are non-observable, for example, the "auto-
nomous investment® of Keynes or the "expectations" of pre-
‘o.nt day theory. With the use of these variaplos any eco-
nomic bshaviour may be explained ex post. A £heory, or
'model, containing such variables is a non-theory, or non=~
model, for the basic reason that it cannot by any logical or
empirical means be refuted. It is also true that the use
of such variables is practically endemic to any area of
applied economics. We must either define a concept quite
explicitly or not refer to it al all. When the use of these
variables is eliminated we will have come a long way towards

the reconciliation of conflicting theories.

1.3 CAUSALITY

It %s the purpose of this section to give an indica~-
tion of some of the operational concepts attached to
"causality" within the econometric framework.

" eees.s, the confrontation of theories raises basic issues
of research methodology for which no firmly established
answers seem to exist. Perhaps the central que?tion.....

is what to be taken as the explanatory variable, the inde-

nendent variable of the theory. The basic question is,

"What caused what?" What are the policy implications of
the complex of interrelations among variableés of the

economic system?"  (Culbertson (1968) p 84).



1.10

"A central problem in macroeconomics for more than a
century has been to explain why fluctuations occur.

~ The problem can be separated into two parts: the in-
ftiating impulsa and the adjustment process by which
.:ho {impulse is transmitted from market to market and
from short- to long-run equilibrium. Both topics
have been disputed, hotly, at times."

(Brunner and Metlzer (1976)).

The concept of causality is most fruitful when given

& purely technical definition in terms of a mathematical model.

"eeeeos. the term "cause," carefully scrubbed free of
any undesirable philosophical adhesions, can perform
a useful function and should be retained."

(8imon (1953)).

Perhaps best known are the attempts by Strotz and
Wold: (Wold (1956), (Wold (1960), Strotz (1960) and Strotz
and ﬁbld (1960)), to establish the approach of a "recursive
system.,” In the view of these two authors we must disting-
uish between "descriptive" and "explanatory" models: the
former being a "description of given observations as a random
drawing from a joint conditional probability distribution,"
(8trotz and Wold (1960) p 418), and is represented (in the

linear cass) by

Ax' = u! (1.3.1)



where A 1is a constant matrix, x' is a vector of variables,

and u' is a vector of cither zeroes or stochastic variables.

Explanatory models, on the other hand, tell us some-
thing about the "directions of influence" among the variables.
A causal relationship is in essence asymmetrical - if we can
control y indirectly by controlling =z, then 2z cannot
be simultaneously controlled by controlling vy. In probabil-
ity terms, the probébillty distribution of y is "causally

conditional" on 2z, but not vice versa.

Consider the system of linear equations
Dy' + Trz' = u' (1.3.2)

where vy', z', and u' are vectors - y' of endogenous,

z' of exogenous, and u' of stochastic variables, D and T
are matrices with D square. Suppose that D 1is upper
right triangular with unit diagonal; then the system is
called "recursive." If we are interested in the "causal
effect" of the variable Yqr Sa¥s when we have gained control
over it by the use of factors other than the 2' variables,
then we first delete the gth equation (i.e. the one in thch
yg appears with coefficient unity) - the remaining coeffi-
cients of the model (including those of yq) remain un-
changed. In this sense, according to Strotz and Wold, may
we give causal .nterpretability to the variable yg: its re-
maining non-unit coefficients describe the influence of the

variable yg (now exogenous) ©On the other endogenous variables. -
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If in (1.3.2) D 4is not triangular the model is
"nonrecursive;" we may then either regard it as merely des-
criptive and estimate it as such, or we may say that the
vector z "causes" the vector vy. This does not, however,
tell us anything about the interactions between the y var-
iables and we are led into problems of "causal circles" and
"bicausality" when we try to consider this problem. In the
opinion of Strotz and Wold a nonrecursive system of this
nature is in a sense a "reduced form" of an underlying recur-
sive system, and only with reference to this may we give it

& proper causal interpretation.

Thus the problem of apparent causal circles or bicau-
sality arising out of the use of equilibrium systems may be
seen as a further objection to comparative static analysis:
the causal interpretation in an equilibriumvmodel is to be
sought for in the underlying dynamic model. (For further
details and examples of this last point see Strotz (1960).)

Taking vector causality a step further, we may suppose
that D 1is block triangular and then talk about causal re-
lations between the corresponding subsets of endogenous
variadbles. This idea is similar to that of Simon (1953).
Within each subset, however, no causal relations are defined.

Lastly, and of relevance to a later chapter in this
work, it is noted that differential equation systems are re-
gerdad as recursive with respect of infinitesimal time inter-
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vals; in the model

%{—' - £(y') + u' (1.3.3)

" where y' = y'(t) is a vector of (time-dependent) variables,
£(.) is a vector function, and u' is as in (1.3.1), y'
is assumed to precede dy'/dt. In this sense (1.3.3) can

be given a causal interpretation.

For some objections to Wold's view see the discussion
following Wold (1956). The implications of assuming that
simultaneous equation models are limiting approximations to
nonsimultaneous ones as time lags go to zero is discussed in

Fischer (1%70).

1.4 SUMMARY AND CONCLUSIONS

The above discussion, it is hoped, has amply demonstra-
ted some of the many pitfalls of applied economic analysis.
We are faced with the problem of trying to sort out cause
and effect within the framework of a mathematical model of an
econony. One may ask whether it is not merely consistent
covariation that we are observing amongst a set of arbitrarily
chosen economic time series, and whether it is ﬁt all meaning-
ful in a "real world“'sense to attach words such as “causal"
to thege empirical regularities. It seems clear that there
are consistent and stable mechanisms at work within an
economic system although Empiricism tells us that we cannot

in any way perceive necessary conditions among events.
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Mathematics can hardly be expected to clarify issues
when our domains of definition are badly set out. If what
is hoped for is some sort of "convergence" of our models akin
to the convergence of mathematical iteration towards an
economic theoretic ‘Bolution," then it must be remembered_that
even a mathematical iterative procedure will usually only
approach its solution if it is startedin some neighbourhood
of that solution. Further, the existence of multiple solu-
tions is always possible - especially if the functions in-

volved are complicated.

Perhaps we should start out with no preconceived theory
at all - or the barest minimum - and then treat the economic
system as a "black box." We would then not attempt any eco-
nomic justification of our results, but only try to establish
the existence of empirical regularities in sets of data. It
would be very tempting, of course, to give such regularities
theoretical content - but should not the econometrician avoid
any such speculation? The Box-Jenkins (Box and Jenkins (1970))
approach to forecasting time series is one such attempt which
has met with fair success. A combination of such methods
with those of conventional modelling has been attempted

(Prothero and Wallis (1976)), but much work remains to be done.

The "causality-free" approach may be looked on as a
type of "reduced form" analysis: The reduced form of equation

(1.3.2) is
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y' =-b"'rz + 0~ 'u ‘ (1.4.1)

It is not possible in this situation to determine any inter-
relations between the endogenous variables. Such an
approach was used by Friedmah and Meiselman (1963) in their
famous tests on the relative stability of monetary velocity
and income multipliers. This has met with much criticism
as has subsequent work in their tradition, for example the

work of Anderson and Jordan (1968).

“"The second and major criticism is methodological. Should:
one rely on a single equation that relies on high correla-
tion coefficients as the criterion for a model's predictive
capacity? The alternative approach, of course, involves the
full specification of the economy's interdependencies.
Friedman and Meiselman reply that this is not the name of
the game. If we find stable relationships we do not need
to know what goes on inside the black box."

(Johnson (1971))%*

Another approach would be to avoid the aggregation
biasses of conventional macroeconometric work, and build up
macro-models only on a microtheoretic basis. fhese models
would have to be very iarge however - larger even than the
current largest. The drawback to very large models is that
they become cumbersome to work with in the sense that they

*® See also the comments by Ando and Modigliani in Stein (1976).
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require a team of egonometricians to be handled and inter-
preted succeasfully, and it is difficult to trace through
them the complex feedback effects of changes in some subset
of their variables. This is an argument in favour of
smaller models, and the work of this thesis is in fact based
on the aclﬁnption that small, carefully worked ou£ aggrega-
tive models are much more useful, informative and tractable

than large ones.

“The mass of allocative detail in large scale econometric models
seems to us irrelevant for aggregative analysis. We assert
that a small number of explicitly stated allocative patterns
have observable aggregative consequences.”

(Brunnsr and Meltzer (1976)).

The best methodology is thus still very much an 6pan
question, and an answer seems hardly in sight. It is up to
each individual researcher to choose that procedure he thinks
in some way optimal, and perhaps in this way some "converg-

ence” towards a satisfactory approach may be attained.
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CHAPTER TWO

THE MONEY SUPPLY PROCESS IN SOUTH AFRICA®

2.1 INTRODUCTION

Recent Monetary Policy in South Africa has been highly
inflationary. This is self evident on an inspection of the
behaviour of the important monetary aggregates. The rate
of growth of money and near money was roughly 23% per
annum in 1973 and continued to grow at about 20% per annum
to June 1976, Clearly the acceleration in the rate of price

increases over the same period has not be coincidental.

It is not, however, the purpose of this paper to ex-
plain why rapid increases in the money supply are inflation-~
ary or why sharp.fluctuations in its rate of growth are de-~
stabilising. This is taken for granted and substantijal
support for these surely uncontroversial propositions can
be found in the recent literature. The object of this paper
is to investigate closely the money supply process in order
to explain how the pro;ent inflation in South Africa came
about‘and what therefore we may hope to be able to do about
inflation.

*From: "The Money Supply Process in South Africa: Explanation, Verifica-
tion, Implication” (A.M. Hurwitz and B. Kantor). (Paper presented
at the 7th Kanstanser Seminar on Monetary Theory and Monetary :
Policy = June 1976.)
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' The rate of growth of the money supply has not been
regarded by the South African monetary authorities as an
appropriate target for monetary policy. Instead, policy
attention has been concentrated on a variety of credit market
phenomena. Control has been exercised over the level and
structure of interest and deposit rates. The authorities
have also paid particular attention to the level of excess
liquid assets of the commercial banks and have periodically
varied the banks required liquid asset ratio. The Reserve
Bank has indicated its concern with the supply of bank credit
and has imposed and removed ceilings on bank lending to the
private sector.*

The objects of monetary policy in South Africa have
often been stated as the usual desire for internal and external
stability. The acceleration in the rate of increase of prices
after 1970 points to an obvious failure to satisfactorily
réalize at least one of the objectives of policy. It is the
contention of this study that the recent South African infla-
tion and the money supply §rowth that was the proximate cause
of it was entirely consistent with external stability until
1975. It will be argued below that it was the monetary autho-
rity's primary concern for the balance of payments and their
neglect of money supply aggregates that led South Africa to
~ the inflationary impasse of the present time,

* For details of policy interventions and official explanations of these
see the Quarterly Bulletins of the South African Regerve Bank.
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The importance attached to balance of payments consid-
erations has long been emphasized in the official reviews of
South Africa's monetaty policy and policy intentions.

Clearly particular regard has been held for the level of for-
eign exchange reserves as the means of safeguarding the pre-
ferred structure of foreign exchange rates. The 'monetéry
theory of the balance of payments' has recently rediscovered
the implications of fixed exchange rates for monetary policy,
and in pérticular the money supply. The theory has revived
the traditional understanding of the relationship between the
balance of payments and money, and maintains that an economy,
particularly a small open economy, that aspires to fixed or
controlled exchange rate links to trading ana financial
partners cannot operate, for anything but the short run, a

. money supply and interest rate policy that is independent of
the balance of payments. In other words, domestic interest
rates and domestic money supply growth must be consistent
with money supply growth elsewhere, and any‘attempt to break
this dependence of monetary policy on the balance of payments
with given exchange rates will soon be aborted by a shortage
or abundance of foreign exchange reserves. Variations in
exchange of import controls, or indeed even adjustments to
the exchange raté do not provide any fundamental correction,
At best they may provide more time for domestic monetary

policy to become consistent with monetary policy elsewhere.*

*For a convenient collection of recent contributions in this area of re-
search, see Jacob A. Frenkel and Jarry G. Johnson (eds.) "The monetary
approach to the Balance of Payments,'London, George Allen and Unwin,
1976. See also Stephen P. Magee, "The Empirical Evidence on the Monetary .
Approach to the Balance of Payments and Exchange Rates," American
Economic Review, May 1976, p. 163.



2.4

The all-important background to the recent South African
inflation is that the United States dollar standard, to which
we were linked and which had ultimately "looked after" our
money supply, became increasingly suspect in the 1960's, and
in 1971 collapsed.* This is not to say that our own infla-
tion was unavoidable. Our inflation was avoidable, but it
could not have been avoided without abandoning the previous
neglect of the money supply, The consequences of this neglect
are revealed with a vengeance in our present rate of inflation.
The check on monetary expansion provided by normal balance of
payments relationships and fixed exchange rates became inoper-
ative after 1971, and direct control of the money supply should
have been put in its piace. Had this been done and our own
monetary expansion limited to, say, about 10 percent per
annum growth on average over the last few years, South African
. exchange rates would have strengthened substantially against
the rest of the world and so have offset part of the effect of
higher import prices.

The South African monetary authorities singularly failed
to make this response. They carried on their monetary policy
as if nothing fundamentally had changed with the result that
because of highly favourable balance of payments developments
after 1972 the money supply expanded very rapidly. Further-

more, even after the balance of payments ceased to be as

\ a

# For a recent interpretation of U.S. monetary policy in the '60's see
Jurg Niehans, "How to Fill an Empty Shell," The Americaa Economic
Review, May 1976, p.177. ‘
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strongly favourable, increases in the price of gold during
1974 increased the real value of the Reserve Bank's gold re-
serves. In the absence, therefore, of any effective balance
of payments constraint, but with official concern for nominal
interest ratés, the money supply increased rapidly. It did
80 in responge to extra demands for money and credit re-
quired to finance a higher level of real output, output that
6ame increasingly to be valued at higher prices. It is worth
noticing in Figure 4 the decline in South African interest
rates relative to foreign interest rates, and the persistance

of relatively low South African rates in 1972 and 1973.

International monetary conditions changed markedly in
1975. U.S. monetary growth and monetary growth else where
slowed down; moreover slower monetary growth was accompanied
by the severest recession expérienced by the advanced indust-
rial countries in the post war period. However, as previously
indicated,'monetary growth in South Africa continued at abso-
lutely, and by then, relatively high rates, | The implica-
tions of relatively fast South African monetary expansion and
world wide recession revealed itself in lower prices and de-
mands for South African exports and not least, of cohrse, by

a fall in the price of gold.

The rand which had been linked to a weighted basket of
currencies was reattached to the dollar in June 1975. Soon
after, the balance of payments and the exchange rate came under

pressure, and the rand was devalued by 18% against the dollar
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in September 1975. The devaluation did not improve the bal-
ance of payments trends. The explination for this state of
affairs is to be found, as suggested, in the maintenance of
relatively rapid monetary growth in South Africa. The ex-
cess supplies of money continued to séill over into higher
prices, high levels of imports and high rates of domestic
credit expansion, thus the need to borrow elsewhere declined,
and so imp0r£s of capital were correspondingly reduced. In
1976 the éapital account of the balance of payments was also

affected by greater political uncertainty.

Since mid 1975 the balance of payments has itself had
a contractionary influence on money supply and monetary policy.
The state of the balance of payments is not, however, fully
reflected by the level of gold and foreign exchange reserves
held by the Reserve Bank. These have been supported by
accommodating foreign borrowing by the Treasury and other
public sector borrowers. Unfortunately for the achievement
of balénce of payments stability, government finance relied
increasingly on money creation in 1975. Despite the balance
of payments deficits, high rates of monetary growth were per-
petuated by the unwillingness of government to avoid infla-
tionary fihance. The -increase in the central governments
demands for domestic credit is revealed in Figure 2, which
shown how the earlier errors of monetary omiséion came to he

replaced by classic inflationary commission.

The study provides an analysis of monetary develop-

ments in South Africa that differs from the official method.
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Some attempt however will be made to reconcile the alterna-

tive approaches.

2.2 THE THEORETICAL MECHANISM

An all important monetary relationship is that between
the money supply and what is called the money base, or more
evocatively the high powered money of the system. The money
base consists of the sum of coin, notes and other non-
government deposit liabilities (mainly commercial bank depo-
sits):with the Reserve Bank, and this constitutes the cash
reserves of the monetary system.. The money base-money
supply relationship, the money multiplier, depends on a number
of factors, for example, the cash reserves banks prefer to
hold, and are required to hold, against their deposit liabi-
lities will in part determine this multiplier. The prefer-
ences of the public to hold either bank deposits or alterna-
tively Reserve Bank notes also influences the multiplier as
do their preferences for current rather than time deposits.*
The authorities therefore are not able to control the supply
of money directly. The authorities are ablé to control the
money base and therefore the supply of cash reserves available
to the banking system. The authorities can also influence
directly the banks demand for cash reserves by either alter-

ing the compulsory reserve requirements of banks, or by

% See Karl Brunner and Alan H. Meltzer, "Liquidity Traps for money,
Bank Credit and Interest Rates," The Journal of Political Economy
January - February 1968.
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changing those interests rates that influence the portfolio
preference of the banks. These effacts will be discussed

more fully below.

Changes in the money base occur in what may be usefully
defined as two alternative ways: either as a resulﬁ of
changes in the foreign assets (including gold) held by the
Reserve Bank, or changes in what may be described as its Net
Domestic Asset (NDA) position. However, as will be indicated,
changes in the foreign and net domestic assets of the Reserve

Bank are not in any way independent of each other.

A simplified balance sheet for the Reserve Bank would
have notes and deposits on the liabilities side and foreign
assets (including gold) and domestic assets (mostly govern-

ment securities) on the other side. -It would look as follows:

FIGURE 1

S.A. RESERVE BANK

LIABILITIES ASSETS

Notes Gold and Foreign Assets
Bank Deposits ;
Government Deposits Domestic Assets

The notes and commercial bank and other private deposits
constitute the money base. Changes in the money base are
caused by seperate and interdependent changes in either foreign
assets, domestic assets or government deposits. When the

balance of payments is favourable commercial banks will be
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selling foreign exchange to the Reserve Bank and their deposit
accounts with it will be credited accordingly. The money
bage will have increased. When thé balance of payments is
unfavourable the banks will draw on the Reserve Bank for for-
eign exchange. The money bage decreases. When the Reserve
Bank buys securities from the public or the banks,‘the depoSit
accounts of the commercial banks with the Reserve Bank will

be credited. When the Reserve Bank sells securities, commer-
cial bank deposits will decrease. Similarly, when the
Tréasury receives taxes or?thé proceeds of loan issues the
government balance with the Reserve Bank increases while those
of the commercial banks decrease. lAccordingly the money base
decreases. The opposite results occur when government spendé.
If the government balance is subtracted from the domestic
securities held by the Reserve Bank one gets what is called
the Net Domestic Asset position of the Reserve Bank, i.e.
Money Base (MB) = Foreign Assets (FA) + Net Domestic Assets
(NDA) . It has not been thought useful to distinguish between
those cash reserves the banks or discount houses acquire from
the Reserve Bank (borrowed reserves) and those acquired by

running down excess liquid assets or via open market operations.

As suggested previously, when the money base increases
the money supply will tend to increase unless the banks prefer
to hold excess cash reserves. However, the causation may
well run the other way because of the opportunities the dis-
count houses and banks have to borrow from the Reserve Bank.

If the money supply expands independently of the money base
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the banks will require extra cash reserves to meet their re-
quired cash reserve ratios. To do so the banks may recall
funds from the discount market, and the discount houses may

in turn approach the Reserve Bank for additional assistance.
If the Reserve Bank supplies additional reserves in this way,
or if the banks apd discount houses start reducing their
holdings of Treasury Bills and other government securities,
and by their doing so , redemptions of government debt exceed
- new debt issues, the government balances at the Reserve Bank
will decrease and the money base will increase. In such cir-
cumstances, changes in the money supply will have led changes
in the money base. Clearly, if the Reserve Bank did not
provide extra reserves in the way indicated, or if the Treas-
ury did not on balance redeem debt, or if the Reserve Bank

. provided additional reserves only at penal rates, the banks
would be unable, or unwilling, to finance extra lending to
either the private or public sectors. The potential in-
creases in the money supply called for by extra demands for
finance from ﬁhe banks would soon be halted by higher interest

rates unless the money base accommodated the money supply.

The relationship between the foreign assets held by the
Reserve Bank and its net domestic asset position is an import-
ant and interesting one. As will be noted in Figure 3,
these two variables generally move in opposite directions.

The reason for this negative association is that when the
money base increases,because of a change in the reserves, the

banks have automatically acquired additional cash reserves,
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These additional cash reserves will almost immediately be
placed with the discount houses and used to buy other liquid
assets. The result is a net flow of funds to the Treasury
or an equivalent repayment of debt to the Reserve Bank with
the effect that the net domestic assets of the Reserve Bank
decrease. At the same time, however, there may be compe-
ting demands from the private sector for the ektra cash the
banks have acquired through the balance of payments. If the
demands for extra loans by the private sector are buoyant
less funds will flow back towards the Reserve Bank and
Treasury, and the money supply and the money base will tend
to increase. The decrease 15 net domestic assets will then

be less than the increase in reserves.

If the balance of payments turns into deficit obviously
opposite effects will occur. The banks will be selling
foreign exchange on balance, their cash reserves will be de-
clining, and they will compensate for this by drawing on
the discount houses and by running down their other liquid
assets. The immediate pressure will be met by the Treasury
and the Reserve Bank, and net domestic assets will automati-
cally increase. Again the degree of pressure on the net
domestic assets position will depend on the simultaneous
buoyancy of demand for bank credit; The stronger the demand
for bank overdrafts the higher the level of market interest
rates and the greater the tendency for net domestic assets
to expand. Again the increase in NDA may be smaller or

greater than the decrease in reserves.
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These are some of the autamatic effects. On the

~ other hand the impact of changes in reserves on net domestic
assets will also depend, as intimated, on the relationship
between the costs to the banks of acquiring or holding
additional liquid reserves, and the>returns to be gained

from other kinds of bank lending. The costs to thé banks

of holding liquid reserves or acquiring additional reserves
is reflected in the rate of interest obtained on liquid
asseﬁs or implicitly by the rate charged by the Reserve Bank
for accommodation. If the borrowing from the Reserve Bank
is undertaken by the discount houses after the banks have re-
called funds from them, this will be reflected in the dis-
count houses call rate. The greater the differences be-
tween the cost of and the returns from additional bank lend-
ing to the private sector the faster, it may be assumed, will

tend to be the rate of expansion of the money base.

These differences in interest rates will be maintained
if the interest rates on liquid assets, controlled by the
"authorities, do not respond to cggnges‘in the conditions
effecting market demands for_ahé supplies of funds. In an
upswing phase of the business cycle, associated as it will
be with additional demands for credit, any tendency for these
rates to lag behind will cause the money base to expand pro-
cyclically. Notice in Figure 4 how the Tre;sury Bill Rate
came to lag behind the market determined, negotiable certi-
ficate of deposit rate in 1972 and 1973. In the downswing

'phase, as market rates approximate official rates more
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closely, the tendency to repay the Reserve Bank and to switch
towards the Treasury will tend, again'pro-cyclically, to
accelerate the decline in the money base. The striking ne-
gative assoclation 1nirigure 3 between the level of foreign

reserves and the Treasury Bill Rate should be noted.

+« We have 80 far ignored the effects of interest rates
themselves on the balance of payments. Clearly the tendency
for South African firms and public corporations and even the
Treasury itself to borrow abroad will depend on their planned
expenditure, and also on the camparison they will make.be-
tween the anticipated costs and availability of funds lo-
- cally, and the costs and availability of funds abroad. If
lécal,borrowing is difficult and considered expensive after,
of course, allowances for expected exchange rate movements,

more will tend to be borrowed -aborad and vice versa.

It is now possible to summarise the relationships be-
tween the balance of payments, the net domestic asset position,
the money base and the relationships between interest rates,
local, controlled and free market rates, and foreign rates.
This will be done by way of an account of a stylised business-

money supply cycle.

Let us begin the cycle where the balance of payments
is favourable. lLet us assume that this is because the rela-
- tionship between foreign and local rates is such that, with

increased local investments demands, larger than usual capital
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intlo&s have been attracted. The increase in reserves will
be offset by opposite reductions in net domestic assets.
However as indicated if the increase in reserves is also
associated with an economic upswing, the decline in net do-
mestic assets will be less than the increase in reserves and
the money base will expand. Thd expansionary pressure on
the money base will be still stronger if the opportunity cost
of extra private bank lending falls because, perhaps, govern-
ment rates lag behind market rates. Increases in reserves,
and less-than-proportionate decreases in net damestic assets,
and hence expansions of the money base could continue inde-
finitely with simultaneous increases in the money supply.
This, however, would depend in turn on the concurrent balance
of payments developments. One of the factors affecting the
balance of payments will be the relationship between local
and foreign interest rates. With the expansion of the money
supply, and unless the demand for funds continued to increase
proportionately (or more than proportionately), local interest
rates would tend to fall. Depending then further on the
. trend in credit markets abroad, any relative decline in local
interest rates will influence the capital account of the bal-
ance of payments. If conditions unattractive éo foreigﬂ
borrowing persist the balance of payments-will sooner or later

turn around.

Let us assume at a further stage in the cycle that the
balance of payments then becomes unfavourable. As the foreign

reserves decline the net domestic assets of the Reserve Bank
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increase and the ultimate effect on the money base will then
depend on the inverse relationship between them. The net
effects on the money base therefore will come to depend on
the demand for funds in the economy and the opportunity costs
to the banks of lending to the private sector. If the de-
mands for funds remain bouyant and the official interest rate
structure remains unchanged, net damestic assets will expand
relatively quickly, local interest rates will remain low,

and no adjustments to the changed balance of payments situa-
tion by way of reductions in the money supply will have been
effected. '

If the balance of payments deficit continues, sooner
or later, the authorities, out of their concern for fixed ex~
change rates, will take action. They may tighten exchange
‘and import controls. If such measures prove inadequate
they would be forced to adjust their interest rate structu;é.
Official interest rates will then be increased. Consequently
local free market rates will tend to rise relative to foreign
rates. If official rates rise relative to other local in-
terest rates and 1oca} rates rise relative to foreign rates,
theie adjustments will serve to take the pressureyoff,
firstly, the net domestic assets position, thereafter the

money supply, and subsequently the balance of payments.

In this way, out of concern for the balance of payments
and by way of adjustments made to interest rates, the money

supply will have "looked after itself."” A slower increase
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in money will directly help correct the balance of payments‘
by way of lower demands for imports and increased demands for
foreign capital. The money supply process described above
implies considerable inatability in the behaviour of the
monetary aggregates, but it does not suggest any one way di-

rection for their rate of growth.

The discussion has so far emphasized the interdependent
effects of the balance of payments, economic activity and
interest rates on the money base. It has not discussed the
possible impact on net domestic assets of government expendi-
ture, or more particularly, the difference between government
expenditures and revenues and therefore the government borrow-
ing requirement. Inflationary government borrowing may be
defined as borrowing that has the effect of increasing the
- money base. | As suggested above the obvious method for govern-
ment to avoid inflationary financing techniques is by offering
a relatively attractive return on issues of government secu-
rities. This has the effect of transferring the use of a
greater proportion of a flow of savings from the private sector
to the public sectors. However, higher nominal interest
rates, if required, are not politically neutral. It is this
that accounts for the ‘authorities revealed preference for a
structure of interest rates, and this may encourage resort to
increases in the money base as a method of government finance.
In addition, however, such concern may also help constrain
government expenditure and hence borrowing‘requirements at

ah earlier stage in the budgetary process.
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The South African authorities have employed a ﬁhird
non-inflationary alternative to both taxation and the pay-
ment of relatively attractive returns as methods of finance.
They have been able to rely in part on the so called
"captive market" for government securities. This technique
is of course by no means peculair to South Africa. All
financial intermediaries #re obliged to hold minimum pro-
portions of government and other special approved securities
in their portfolios with the effect of guaranteeing é minimum
demand for government securities independently of the rate
of return offered. By calling for increased minimum hold-
ings of liquid assets the authorities may avoid increases in

the money base as a method of financing government expenditure.

Our monetary analysis has given comparatively little
attention to the banks liquid asset ratio. The monetary
authorities however, as has been mentioned, do pay partiqular
attention to the liguid asset ratios of the banks of which
the cash ratio is a part. We will now attempt to show how
the effect of changes in required liquid asset ratios may be

easily reconciled with the money base analysis.

Any extra demands for iiquid assets by the banking
system, whether induced voluntarily, or acquired under com-
plusion of increased liquid asset ratios, have the same effect
on the net domestié_asset pbsition of the Reserve Bank,
namely, an increase in the exchequer balance with the Reserve

Bank and hence a decline in net domestic assets. The same

B
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results would follow from any net increased demands for

government securities of whatever kind.

It is, however, very important to make the diétinction,
a distinction that is seldom made in the South African mone-
tary‘context, between actual, required and desired liquid
asset holdings. It shbuld be noted that any required hold-
ings of liquid assets are not really liquid in the proper
sense of that term. - Since the banks are reguired to hold
them they cannot be sold and used for any other purpése.
The banks are therefore locked into their required liquid
asset holdings. If the bank wishes to preserve some port-
folio flexibility it would have to hold genuinely liquid
assets in excess of the required asset holding. The actual
liquid asset holdings at any moment in time ére usually in
excess of required liquid assets and may be greater or less
than desired liquid asset holdings. The banks portfolio
preferences will depend on their assessment of the future de-
mand for and supply of funds, and the opportunity cdsts of

alternative asset and liability combinations.

One very good reason for holding excess liquid_asséts
would be in anticipation of a call for extra required holdings
of them. The algernative to keeping éxtra liquid assets for
such a contingency would be-a willingness to compete in the
mohey market for surplus cash when the need arises. This
competition for deposits may prove particularly expenSive

and is probably an option open only to the smaller banks
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who would not necessarily by so doing increase interest

rates against ﬁhemselves.

It seems clear that calls for extra holdings of liquid
assets often follow extra bank holdings of them. If so,
the authorities decision to raise the ratio may have no direct
implications for the money base or the banks and the money
éupply. The developments that follow an increase in required
liquid asset holdings may merely be a reclassification of
some liquid assets from excess to required. Desired ligquid
assets and therefore total bank demands for government secu-
rities may be unaffected. If so, there would be no inflow
of funds to the Treasury, and therefore no decrease in the
money base. Figure 5 indicates a close association between
the money base and required reserves. Thié would appear to
confirm that increases in required reserves have not been an

independent instrument used to control the money supply.

If the cell for extra required asset holdings takes the
banks by surprise then the banks may thereafter wish to re-
build their desired holdings of excess liquid assets to pre-~
serve a degree of portfolio flexibility. If so, there will
be a net inflow of funds to the Treasury and a reduction in
the money base. Furthermore, if the banks actually find
themselves short of required liguid asset holdings then the
net inflow of funds to the Treasury will be accompanied by
more competition for cash and higher short term interest rates.
In particular the rate on Negotiable Certificates of Deposits

(NCD's) will rise.
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One important part of any explanation of the banks de-
mand for excess liquid assets would be their consequent
ability to satisfy extra demands for overdrafts. - If such
demands are met automatically the banks' liquid asset hold-
ing decline and the Treasury balance decreases. The money
base accordingly increases. It is such a possibility, in-
herent in banks holdings of excess liquid asset reserves,
that so excite the concern of the authorities. Nevertheless
the authorities cannot prevent the banks holding such reserves.
What the authorities are able to do is to make such excess
holdings more attractive, either by periodically calling for
extra required liquid assets or, less directly, by raising
thé rate of interest paid on government securities, including
Treasury Bills. In addition the Reserve Bank may make its
own borrowing and rediscounting facilities more costly so as
to discourage reliance upon them. It should be understood
therefore that excess 'liquid assets by no means necessarily
imply inflationary increases in the money supply. It is
only any excess of actual over des#red liquid assets that
have this implication. The banksvexcess liquid asset posi-
tion indicates the degree of excess demand for bank credit.
Whgn excess liquid assets fall, demands for credit are ab-

normally high.

The role that neéds to be played by appropriate interest
rates to discourage any revealed preference for private
sector rather than governmgﬁt sector lending is obvious. We

have explained that it has usually been pressure from the
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balance of payments that has promoted a changed structure of
1ntdro;t rates with consaequent effects for the money base

and the money supply.

The discussion presented above clearly departs from
the method of mohetgrf analysis provided by the South African
Reserve Bank. The Reserve Bank does not offer an account
of the money base and its determination or of the money base -

monoy‘supply relationship.

The official analysis takes the form of an aggregation
of the balance sheets of the entire banking system including
the Reserve Bank and attempts to draw conclusions from this.
The net change in money and near-money over any period, that
is the increase in short and medium term banking sector
liabilities are described as having been causéd by changes
in different categories of banking assets or by changes in
the composition of banking liabilities. For example "caused"
by changes in the banks holdings of foreign assets or claims
on the private sector or government sector or by a switch
out of or into long term deposits which are not classified as

money Or near money.

This type of outcome is true by definition of the
‘balance sheet identity, however, the weakness of the analysis
is that it implies that the various components of the banking
balance sheets are independent of each ogher. This, as we

have tried to indicate in our alternative approach, is by
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CHAPTER THREE

~ THE MONEY SUPPLY PROCESS IN
SOUTH AFRICA : EMPIRICAL ANALYSIS*

3.1  INTRODUCTION

Following the extensive discussion of the previous
chapter, a formal mathematical model is developed and esti-

mated using the data given in Appendix C.

It must be emphasised that the perspective this model
assumes is that of the monetary authorities, and we attempt
to explain the policy reactions of the monetary authorities
to developments outside their direct control. Briefly, the
money base is examined with regard to its two components
namely, the foreign and net domestic assets of the Reserve
Bank. Further, the model endogenises officially controlled
interest rates, and indicates the association between money

bage and money supply.

3.2 THE MODEL

The model consists of four behavioural equations and

one identity.

*from Part II of "The Money Supply Process in South Africa : Explanation,
Verification, Implication" (A.M. Hurwitz and B. Kantor (1976)).



" where

.

-l

NDA

Y

These equations

exécr;montatioa

3.2

R + NDA (1)
£.0(1-1% ,R_,) (2)
£2(R gd, (1-1%)) . | (3)
£,0R, 1,(4-151 (4)
£.04, 1%, v1. m | (5)

Money Base

Foreign Reserves of the Central Bank (in-
cluding gold)

Reserves at the end of the previous period
Net Domestic Assets

South African free market interest rates
foreign interest rates

government deficit

South African target or controlled interest
rates ,

Money Supply

the level of economic activity

représent the general form of the model. After

with alternative forms the sgpecification below

1ncérporating_scmo simple one-period lags was adopted. The data

used to estimate the model was very short term monthly data,

which is consistent with the likely speed of the authorities'

reactions.

The respective interest rates included in the model

are meant to reflect relevant economic behaviour. The interest

rates included are either différences or levels or, as in the

calﬁ of the controlled interest rate equation, both levels and
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differences. The explanation for the in-
. clusion of the foreign-domestic interest rate differential

in the Reserve equation is of course for its effects on cap-
ital movements. The free market government interest differ-
ential in the NDA dquation is 1npluded to indicate the re-
lative interest rates upon which portfolios will be divided
between government and private sector financial securities.
Financial intermediaries will clearly not be concerned when
choosing the composition of their assets with the level of
interest rates. The authorities however are judged to con-
cern themselves with both the level and the differences be-
tween interest rates. The money base - money supply multi-.
plier is in turn assumed to be affected by the average return
on the banks portfolio and therefore the level of interest

rates is included as an explanation of it.

The Foreign Reserve equation is justified by the per-
spective of the model. The authorities of course do know
the level of Reserves and may be concerned with effecting
changes in that level, and the previous level of foreign re-
serves is accordingly included as an exogenous variable.

The policy instrument at the disposal of the authorities is
‘their influence over the domestic level of interest rates.
The Reserve equation argues that the level of Reserves is
positively influenced by differences between national and

foreign interest rates, and it implicitly assumes a Koyck,*

*See Appendix A




i;a, geometrically declining, lag in the (1-1®) wvariable.
Further, linearity in the functional form is obtained via

thi assumption of constant elasticities. (More will be said
on this point in the following section.) This specification

is equivalent to the form

R= £ [(1-1%, (4-1%)_,, (1-1%)_,,...]

The Net Domestic Asset position of the Reserve Bank is
assumed, following the extensive discussion in Chapter Two,
to bg negatively related to foreign Reserves anh directly
influenced by changes in the government deficit. NDA is ex-
pocted to increase with increases in the returns available
on non government financial securities, that is with increases
in the free market - official interest rate differential.
Net domestic assets are, of course, presumed to increase with
the}governments borrowing requirement. In the equations we
tested two measures of the government deficit, (gd). The
first measure was simply that of the difference between govern-
ment ekpenditurgs and taxation receipts. This proved to have
no statistically significant effect on NDA. The other measure
of the deficit attempted to allow for government borrbwing
from the financial intemediaries and the public. The differ-
ence between governmeﬁt spending, taxation and borrowing being
presumed to require increases in NDA. The results'for this |
' measure of gd were statistically significant and so were in-
cluded in the simultaneous equation system estimated below.

It is important therefore to emphasize that we found no sta-
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tistically significant relationship between NDA and the crude

government deficit (see equation B3, Section 3.8)

- The "target" or government controlled interest rates
are assumed to vary inversely with the level of Reserves,
positively with the level of free market rates, and negatively
with the free market—controlied interest rate differential.
We found a consistent and statistically significant negative
‘relationship between the target intgrest rate and the target-
free market intereét rate differentiél, which perhaps requires
some further explanation. There are two possible explana-
tions for an increase in this differential: the differential
hay increase either because the private non government demands
for finance have increased or because the supply of funds to
satisfy private demands have been reduced. The latter would
appear to be the correct explanation. An increase in the
. differential appears to reflect an unexpectedly large flow of
funds to the Treasury and a consequent shortage of cash re-
serves for the banking system. This larger flow seems to
encourage the Treaéury to reduce the pattern of official rates.
Similarly a reduction in the differential hay reflect an un-
expectedly large outflow from the Treasury balances and may
therefore require increases in the official rates to restore

the position.

The money supply equation is a modification of the stand-

ard money multiplier equations.

MS =K . MB
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where K is the "money multiplier."

In this specification, evolved by Brunner and Meltzer (1968),
K is considered functionally related to interest raﬁes,
reserve requirement raﬁios, aeconomic activity, etc. Our
own investigations led us to adopt the simplified form

K = £(i,Y) which, as will be noticed, gives a highly satis-

factory explanation. The final specification was

MS ’ £ (i IYIMB)

including MB in the argument for simplicity.

Normal assumptions would be for the money supply to in-
crease with increases in the money base and in the level of
economic activity and prices. Increases in prices and real
output can be éxpected to lead to increases in demands for
bank credit and to cause a reduction in the banks demand for
cash reservés and an increase in the multiplier. It might
be usually presumed that increases in interest rates - and so
the average return on the banks portfolio - would also increase
the.money multiplier. In this statistical analysis we found
however that increases in interest rates had the effect of
reducing the supply of money. The explanation for this may
~ be that the mechanism just described tends to be a longer-run
phenomenon. In the short run an increased cost to the banks
of borrowed funds may have a contractionary effect on the
money supply as the banks, faced with penal rates, cut back on
lending. 1In ‘the longer term however, the desire by the
' authoritieé for low rates will lead to accomodation via an

expansion of the money base, as outlined in Chapter Two, and
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money supply will increase as expected. Further analysis
using quarterly data* gave the expéctéd‘sign, and our above
explanation therefore seems correct in the light of the

evidence.

If banks avoided extra cash reserves, as seems to be
the case in South Africa, one would not expect any direct
effect of incomes on the money base-money supply multiplier.
The direct impact of extra demands for funds would again be
~directly on the money base via net domestic assets. Tbe
relationship between income and the money supply should not
therefore be looked on as causal but rather as one of des-

criptive association.

3.3 THE REGRESSIONS : RESULTS AND ANALYSIS

In deriving the ultimate structure of our model, in
particular with respect to the lag structure, a large number
éf alternative regression Bpécifications using different
types of data were tried out. Some of these restlts are
presented hera, but most have been excluded on account of
the lack of space available.** We have not given séace to
detailed discussions concerning the summary statistics”(for
example the Durbin-Watson statistic) or the regression tech-

niques (for example, Two-Stage Least-Squares, etc.) used in

* See Chapter Five

*% More details, however, are abailable on request.
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the pregent chapter. These are conveniently collected and
. presented in Appindix A together with further references for

the interested reader.

We give now, however, an important note concerning the
implication of the assumption of constant elasticities for
the functional form of an economic relationship. This
agssumption is widely used (see, for example, Brunner and

Meltzer (1968)), but is rarely explicitly set out.

Without loss of generality assume that an economic
variable 2 is functionally related to twoldther variables

X and Y, {i.e.
2= £(X,Y)
Define the "x elasticity of z" to be
ez,x) = $2 . % (chiang (1974))
and similarly for the Y elasticity of 2.
If we further assume that both elasticities are cons£ant, i.e.

_G(Z.X) = K, , €(2,Y) ’-KZ ’

then we have arrived at two partial differential:equations
reducible to ordinary. differential equations (Utz (1967)
PP 139-140).1 Hence, integrating the first equation as if Y

waere constant:

(4] ¢

i.e. log. i = leoge X + A(Y)
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’ 'where A 1is an arbitrary function. Similarly:
loge'z ~ Kgloge Y + B(X) ,

and clearly:
B(X) = Kgloge X + loge K

(where K is a constant of integration).

Thus: 7 = gx&(2.X) y€(2,Y)

The above derivation justifies our use of log-linear form (to
base e) throﬁghout this chapter. Variables with negative
entries were adjusted by adding a constant positive factor
making each series positive, e.g. interest rate differentials
and government deficit. Multiple.linear regression* was
then undertaken on each equation using the University of Cape

Town's Univac 1106 system and the Econometric Package "COMET."

Notes:

(1) "Short Term (S.T.) Data" in the regreésion refers to
the interest-rates i, i® ana it, and are respect-
ively Negotiable Certificates of Deposit (NCD),
Eurodollar and Treasury Bill rates. Electricity Con-
sumption (E) was used as an index for "economic
activity" in all S.T. regressions. The S.T. time-
feriod was either 1971 January to 1974 December

(n = 50), or 1971 February to 1974 December (n = 49) **

* See Appendix A

®* See Appendix C
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.(2) "Long term (L.T.) Data" likewise refers to in;erest
rates 1, 1® and ;t in this case Company Debenture |
(COYDEB) , Long-Term British Government Bond (LTUK) and
Long-Term South African Government Bond (LTSA) Rates.
Gross Domestic Product (GDP) at market prices (Y) was -

used in placa of ELEC in the L.T. regressions.**

(3) t-Statistics are shown in brackets beneath each of the
coefficients; (asymptotic t's in the case of Two-Stage
Regressions). (In each regression the t-statistics

have n-1 degrees of freedom.)*

(4) Other summary statistics are given for each regression,*

viz.
R? = Coefficient of Determination
D.W. = Durbin-Watson Statistic

S.E. = Standard Error of the estimate

n = number of observation points used.

The following four regression equations show the Ordinary
‘Least Squares (OLS) results for the four behavioural equations
of the model. (Using S.T. data and with the t’ subscript
omitted.)

* gee Appendix A

**% gee Appendix C
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R = -0,35575669 + 0,0574984 . (1-1i%)_,

[-0,992365] 12,0259682]
* 1,0366261 . R_, (12)
[21,624329)
(R* = 0,9447; SE = 0,0688; DW = 1,1546; n = 49)
NDA = 13,3612878 - 1,1623271 . R + 0,086642 . gd_,
[17,1163604] [~-10,88906] [2,518322]
+ 0,25270618 . (i-i%) (1B)
[6,2155237)
(R? = 0,8291086; SE = 0,202233; DW = 0,37229; n = 49)
1% = 1,7565759 -0,30801646 . R_,
[4,234038] [-6,3945106]
+ 1,0390895 . i_, -0,3010272 . (1-1%)_ (1C)
[13,832981) [-10,280309]
(R* = 0,93218; SE = 0,073001; DW = 1,40327; n = 49)
MS = 3,2407805 + 0,61003587 . MB
[9,57977] [10,049036]
+ 0,0059708 . Y_, -0,0798299 . i . ap)
[18,934063] [-6,511457] .
(R* = 0,9912739; SE = 0,01862; DW = 1,70133; n = 49)
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Two-Stage Least Squares (TSLS) regressions (Appendix &)
_were carried out on the NDA and MS equations.' This type of
regreséion takes into account the fact that endogenous ﬁari-
ables appear as regressors, viz. MB in the case of MS, and R
in the NDA equation; it can be shown that the MS and NDA
equations are identified (Appendix B). |

NDA = 13,2117310 -1,141860 . R + 0,0891296 . gd_,
[16,45679] [~10,38956] [2,56269)
+ 0,2538543 . (1-1%) | " (1E)
[6,186178]

(R? = 0,82997; SE = 0,2039497; DW = 0,3835; n = 49)

MS = 2,2656250 + 0,7841798 . MB

[2,642775] [5,0689005]
+ 0,00512695 . y_, -0,1040039 . i (1F)
[(6,73765] . [-4,34995])

(R?

0,986824; SE = 0,02278 DW = 1,18158; n = 49)

The one-sided 95% significance point for the t-statistic
with 40 degrees of freedom is 1,684 (or ~1,684 for a left-
sided test). (For a.two-sided test it is 2,021). It can
be seen that all the above coefficients are significant, with
the exception of the constant in the R equation. High
R?'s throughout indicate a high degree of explanation in

each equation and the Standard Errors are generally very small.
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Considering the Durbin-Watson Statistics (Appendix a)
we find that, (for n = 50, at the 95% significance level),
the following significance points apply:

/

k =2 k =3 k =4

©aL du | aL ‘du aL du

1,46 1,63 1,42 1,67 1,38 1,72

where k = number of explanatory variables

dL = lower significance bound

du = upper significance‘bound
‘This indicates that equations (1A, 1B, 1C, lE and 1lF) show
significant positive first-order autoco;relation, and that
for equation (1D) the DW statistic lies in the non-signifi-
dant region. However, for equation 1A, it should be noted
that the Koyck lag used invalidates the strict use of the DW
statistic). Application of the TSLS method does not alter
aépreciably the overall OLS results. An analysis of the

autocorrelation present in the equations is undertaken below.

In arriving at the above eguations we experimented with
many different specifications. We started off using only
thg long term (LT) dafa, later changing to the short term
(ST) data and arriving at the generally short term lag struc-

ture shown above.
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Graphs of the actual and fitted values are provided
below. The fitted equations are respectively 1A, 1lE, 1C
and lF; (a fitted line is indicated by small circles).

We also ran the LT Data through the model for the "Short
Period" (1971 to 1974). These results are shown below. In
- doing this we are ignoring the Short-Term lag structure and,
as will be seen, the regression of coefficients do not com-
pare very well, although a high degree of explanation is
again achievgd. All signs remain unchanged except for the

t

constant of an i equation. Equations 2A, 2B, 2C and 2D

are OLS regression results; 2E, 2F are TSLS results.

R = -0,073298 + 1,0021368 . R_,

[-0,2684] [25,772] : - (23)
(R* = 0,94412; SE = 0,06914; DW = 1,18657; n = 49)

NDA = 11,24142647 -0,868292 . R + 0,1181616 . gd_,
[9,89922] [-5,52509] [2,921543)
+ 0,4137846 . (1-1%) (2B)
[3,591799]

(R* = 0,75445; SE = 0,24241; DW = 0,37218; n = 49)

-
i

-0,334616 -0,008706 . R_, + 1,293709 . i_

1 1

[-2,11702] [-0,517161]) [16,0936]
-0,18585 . (i-1%)_, | (2c)
[(-9,045244]
(R* = 0,87146; SE = 0,02414; DW = 1,0899; n = 49)

e ———— B e e



MS = 7,1749206 + 0,106142 . MB + 0,000609 . Y_,
(17,36724) [1,47526) [21,3117]
-0,113109 . i (2D)
[-2,84849]

(R* = 0,989163; SE = 0,02075; DW = 0,83196; n = 50)

MS = 6,72265 + 0,18505 . MB + 0,000357 . Y_,
[11,223] [1,7540] [8,750]
-0,13403 . i (2E)
[-2,86498]
(R* = 0,98794; SE = 0,021789; DW = 0,7345; n = 49)

NDA = 10,70227 10,79292 . R + 0,12208 . gd_,
[9,00356] [-4,81520] [2,9863] '
+  0,451217 . (1-i%) - (2F)
[3,81052]
(R* = 0,75547; SE = 0,24458; DW = 0,40146; n = 49)

As an alternative specification the model was tested
with the Bank's Acceptance Rate (BA) included as the free mar-
ket interest rate in place of the NCD rate. The reason for
including the NCD rather than the BA rate was that>it was un-
doubtedly a market determined rate and are not directly in-
fluenced by captivé market considerations. This is not true
to the same extent of Bankers' acceptances which have been
eligible for inclusion as liquid assets in required liquid
asset holdings. The NCD rate represents in effect the mar-

ginal cost of bank lending. The Banks compete for negotiable
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deposits to match inflow. The BA rate is more obviously
representative of the banks marginal revenue. It was
thought that the inclusion of a marginal revenue rather than
a marginal cost proxy might have changed the signs of the
intcrost rate coefficlents in the interest rate and money
supply equations. The results are given below for the
period from October 1971.

R = 0,254+ 0,950 . R_, + 0,0497 . (i-1%)_ (3A)

b 1

[17,889] {1,906]

NDA

13,587 - 1,204 . R+ 0,119 . gd_ + 0,302. (1-i%)
(-6,6721] [2,549] [4,841) (3B)

1* = 1,628 -0,283 . R, + 1,013 .i_, =0,229.(i-i%)_,
[-3,927) [12,175] [=7,517) (3C)

MS

3,861 + 0,507 . MB + 0,0062 .E_, =0,0592 .i_, (3D)
[6,503] (10,2261 [-4,577]

It would seem that generally the use of the NCD rate
gives the better results. There are no remarkable changes
in the t statistics, all signs remain unchanged as do most

coafficients.

3.4 STRUCTURAL TESTS ON THE MODEL

An additional 9 months of data readings have become
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available since the inception of research into ourlmddel, and
it was of interest to determine whether.or not the model,
which seems to provide a consistent explanation of past events,
would apply equally to the new series. In other words -

are the model equations structurally stable throughout the

whole period.

The appropriate test in this case is the "Chow" test for
structural stability (Appendix A). In view of the limited
extent of the new data, and the consequent loss of degrees of
freedom when estimating over the new period, it was thought
best to treat the test as if the degrees of freedom were in-
adequate and proceed with the modification of the Chow test

in this type of situation.

The equations were first re~estimated for the whole per-
iod (i.e. including the new data under the assumption of first-
order autocorrelation using a Cochrane-Orcutt Iterative pro-
cedure (see the section below on Autocorrelation Analysis);

then the regression coefficients were re-~estimated fof the

; original data period - i.e. up to December 1974 - again under

ﬁkl first-order scheme (except in the case of the NDA egquation),
‘and the Chow tests were carried out as explained above. The

glour equations were then again estimated but this time forcing
éthe éutocorrelation coefficient to remain the same és for the

_*old" data.



3.18

"The results were as follows:
(F=F sﬁatistic associated with the Chow test})

1. Money Supply: F = 0,992126 (non-forcedf.'

9,42
F9'42 = 1,00364 (forced)

(Signifiéance level (5%) of F(9,42) = 2,86.)

2. Treasury Bill Rate: F9 " 0,06231 (non-forced)
’
F9'41 = 2,31675 (forced)
(Significance level (5%) of F(9,41) = 2,87.)

3. Reserves: Fgy ,., = 1,048102 (non-forced)
’
F9,43 = 1,79043 (forced)
(significance level (5%) of F(9,43) = 2,85.)

4. Net Domestic Assets: F9 o= 36,823373 (forced)
’

(Significance level (5%) of F(9,40) = 2,88.)

It proved impossible to re-estimate the NDA equation
using the Cochrane-Orcutt tecnigues. This was becguse the
~autocorrelation coefficient became very high (higher even than
that previously) on the basis of the new data resulting in a

nearly singular data matrix.

It is clear, however, that apart from the NDA equation

all the pther equations show no significant structural shift

>
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even when forced through a uniform autocorrelation scheme.

This augurs well for their predictive abilities.

The NDA equation must however be treated with care, for,

although none of the regression coefficients changed sign in

the forced reg;ession :

(NDA = 12,9508 - 1,1225 . R + 0,1228 . gd_, + 0,2559 . ((i-i%)),
the autocorrelation structure indicates lack of robustness

for the NDA'specification.

3.5 FURTHER INVESTIGATION OF THE MONEY BASE - MONEY
SUPPLY RELATIONSHIP

The MS equations so far considered took into account MB
only in the current period. It is conceivable that ‘MB has
a lagged effect on MS; in other words we may have:

MS = £(i,Y_,, MB, MB_,, MB_z,...,MB_t) for some t.

In order to investigate more fully the extent of the lags,
we undertook an Almon lag analysis. This type of lag is
assumed to be app;oximatéd by a polynomial of degree s
(s < t), and the lag weights are derived under this assumption
(Appendix A). ’

Eight different (t,s) specifications were tried, viz.
(2,2), (3,2), (3,3), (4,3), (5,3), (5,4), (6,3) and (6,4).
The results are given in tabular form overleaf. Each re-

gression has its t-statistic printed beneath. (R here =



v, 1 ma | me-1 |me-2 | me-3 | mB-4 | mp-s | mm-¢ | coxsr. 2 | s.e. |p.wh.¥
1.2082 | -0.086 | 0.476 | 0.066 | 0.168 -2.628 |0.9896 | 0.0189 |1.92] 38}
h2.886 |-5.645] 4.886 | 0.597 | 1.536 -11.959
4
1.1398 | -0.112{ 0.422 |-0.017 |-0.008 | 0.448 -3.133 o.994 |o.0140 |1.77| 38f
16.217 | -9.243] 6.193 |-0.329 |-0.155 | s.850 -16. 868
1.140 | -0.113] 0.427 |-0.032 | 0.007 | 0.444 -3.138 |0.994 |o.0142 |1.76]37
15.862 | -9.028 | 5.772 |-0.379 | 0.087 | s.468 -16.497
1.136 | -0.113 ] 0.448 [-0.098 | 0.115 | 0.383 | o0.0016 -3.133 [0.994 ]o0.0147 f1.86|37
14.917 | -8.098|5.997 |-1.372 | 2.217 | s5.122 | o.0189 13,695
11.122 |-0.1130.400 | 0.0515] 0.056 | 0.188 | 0.225 |-0.058 -3.154 |0.992 |o.o168 |2.21}37
12.872 | -6.877 | 4.733 | 0.796 | 1.002 | 3.204 | 3.237 |-0.640 -10. 834
1.125 |-0.116 | 0.450 |-0.114 | 0.166 | 0.297 | 0.059 | o0.010 -3.199 lo.993 |o.o16 [2.08)36
h3.981 |-7.613|5.620 |-1.347 | 2.553 | 4.405 | 0.672 | 0.120 11,899
1.128 |-0.1100.358 | 0.138 | 0.076 | 0.099 | 0.134 | 0.106 | -0.059] -3.119 fo.991 |o.o18 |2.13]37
12.307 [-6.114 | 4.042 | 2.685 | 1.311 | 2.344 | 2.244 | 1.952 | -0.635] -8.998
1.121 | -0.117 | 0.432 |-0.056 | 0.108 | 0.268 | 0.160 |-0.086 | 0.051 -3.233 lo.ss2 [o.016 .15 36
r3.436 =7 077 | 5.090 |-0.699 | 2.019 | 3.978 | 2.908 |-1.066 | 0.553|-10.186 I N
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R? adjusted for degrces of freedom (DF) : see Appendix A.)

On examining the table we note first that in all speci-
fications a high R? and low SE are achieved. The
Durbin-Watson statistics seem to indicate non-significant

autocorrelation except perhaps for the 2nd and 3rd equations.

It should be noted that the regression coefficient of
Y_, 1increases (above that for the specifications not involv=-
ing lagged MB, as given in a previous section). The t-

statistic nevertheless remains high, and the sign does not

change; the sign and significance of i 1likewise. The sign

of the constant term does changé.

Looking again at the MB variables it seems quite clear
that MB in the current period is consistently significant;
for MB_, and MB_, it is either not or just significant,
with an inconsistent sign pattern. MB_, emerges as signi-
ficant throughout, but with the size of the regression co-
efficient altering. MB_, has significance in equations 5,

7 and 8 only. Thereafter the size and significance of

lagged MB tails off.

These results point to some interesting, if tentative,
conclusions. Firstly MB has an immediate effect of MS, and
this effect is strongly positive. MS is also positively

effected by MB in the previous guarter (i.e. MB_,, MB_ ).
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Furthermore, the sum of the MB_, and MB_, coefficients ex-
hibits a fair degree of consistency (lying between 0,3 and
0,5); 4f we sum the t-values for MB_, and MB_, we get a

similar result.

It appears, therefore, that apart from the immediate
effect of MB or MS, MB has a lagged effect on MS that is

spread over the quarter previously.

3.6 AUTOCORRELATION ANALYSIS®

The OLS and TSLS results (equations lA to 1F) have in-
dicated significant (or indeterminate) autocorrelation with
respect to the M8, R, TBR and NDA specifications. It is
the purpose of this section to examine some possible models
of autocorrelation and to try and eliminate these effects
from the regressions. (The effect of autocorrelation is to
give inefficient, though unbiased, estimates of the coeffi-

cients.)

Using the computer package AUTO (Appendix D) we first

- assumed a "first-order" scheme for the residuals (i.e.
assumed that, for the regression equation Yt - th + U,
the u, followcdf Up = PU.., + €, where p = (constant)

- autocorrelation coefficient, and €, was distributed as a
Normal (O,oé} random variable. A Cochrane-Orcutt iter-
ative techique (employed by AUTO) was then used to estimate
the coefficients and the remults are givon'for MS, R, TBR

*See Appendix A for further technical details.
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and NDA; (R? = R? adjusted for degrees of freedom;
3 = gstimate of p used in the regreskion; n = degrees of

freedom) .

Considering the MS result we note that, under the first
order scheme (with S = 0,18) the DW statistic indicates
.absence of residual autocorrelation. By comparing the
(criginal) OLS regression we note that the constant term is
changed (in sign and magnitude), although still highly signi-
ficant; the coefficients (signs, magnitudes and significance
levels) of i and of MB remain largely ﬁnaltered, whereas
the size of the Y_, increases substantially (from 0,00596
to 1,2127). When we compare this with the Y_, coeffici-
entslgiven as part of the Almon Lag analysis (previous sec-
tion) it is immediately obvious that 1,2127 seems the better
estimate of the two. It also suggests that it is the lagged
MB effects that are producing whatever autocorrelation is
present in the OLS results. A similar argument applies to

the constant term.

'In the R equation we again have a DW statistic lying
in the non-significant region, with an estimated 6 of 0,447.
The constant term, (comparing with the OLS results), has be-

come small and non-significant. The R_. coefficient has

1
altered slightly and so has that of (i-ie)_x but, whereas
"R_, remains highly significant, (1-i®)-1 has a t-statistic

that lies slightly below the 5% significance level.



No R 9d_,) (1-1%) ConsT. R S.E.  D.W. n* 03 02
-1.1852 0.0834 0.2574  [13.5351 0. 8467 0.193 ] 0.432] 42 Jo.10 | 0.30
11 10.484 2.279 6.017 16.405 '

-1.1941 0.0743 0.2546 |13.6475 0. 8709 0.177] o.s07] 42 Jo.20 | o.30
. |
-10.343 2.231 5.921 16. 455

~1.2035 0.0662 0.2495  |13.760 0.8923 0.162] o0.606] 42 | o.30 | o0.30
3 ) ,

l-10.1146 | 2.2128 5.768 16.343

-1.2136 0.0592 0.2410 |13.874 0.9107 0.147] 0.739] 42 ]| o0.40 | 0.30
4

-9.766 2.236 5.540 15.995

-1.2255 0.0542 0.228 13.996 0.926 0.134] o0.924} 42 ]| 0.50 | 0.30
5 _ |

-9.269 2.3171 5.219 15.339

{-1.2415 0.0507 0.2098  [14.1419 0.939 0.122] 1.137] 42 ] o.60 | 0.30
6

~8.610 2.466 4.801 14.336

, |1-3002 0.0476 0.1617 |14.6424 0.955 o.105{ 1.743] 42 [ o.80 | o.30
-6.981 2.939 3.789 11.559

8 -1,3523 0.0472 0.1406 15.0355 0f958 0.101 2.06% 42 0.90 0.30
-6.351 3. 364 10.374

3.165
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_?he.oriqinal (OLS) regression on NDA gave a DW statistic
(of 0,3722) that indicated a high degree of (positive) auto-
correlation in the residuals. It is therefore noﬁ surpris-
ing to £ind a very high estimated p (of 0,933). The DW
iﬁatiltic now lies in the non-significant (negative) aﬁto-‘
correlation region, and we have an improvement in R® and

in the SE. (R* for the OLS result was 0,9044.)

MS = -2,2927 + 11,2127 . E_| - 0,072 . 4 + 0,651 . MB
[-11,405]  [15,6605) [-4,922]  [9,534]  (4a)

(R? = 0,9902; SE = 0,0191; DW= 1,959; n' = 45; p = 0,18)

R = -0,082 + 0,9948 . R_, + 0,0601 . (1-1%)_,
[-0,166]) [14,6417) [1,723] - (4B)
(R = 0,9538; SE = 0,0622; DW = 1,875; n' = 45; p = 0,447)

L+ 0,136 . (1-1%)
[10,232] [16,299] [3,255] [3,319] (4C)
(R* = 0,958; SE = 0,0995; DW = 2,1454; n' = 43; p = 0,933)

- NDA = +15,1361 - 11,3607 . R + 0,047 . gd_

1* = 2,1212 - 0,3407 . R_, + 0,9562 . i_, - 0,279.(1-1%)_|

I
(3,6266) [-2,9652] (9,1749] [-6,968] - (4D)

(B2 0,935; SE = 0,0701; DW = 1,9505; n' = 44; p = 0,356)

It is remarkable therefore that the regression coeffici-
‘ents show no change in sign and, although the coefficients
and t-values alter, the changes are not as drastic as might

have been expected.
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Because of the high estimated p and because the NDA
specification has been the most problematic with regard to
autocorrelation, it was decided to make further investiga-
tions into the nature of the residual correlation. The AUTO
package provides a facility for specifying a "second-order"
scheme (i.e. u, = pyu._, + pau,_, + €,) with the use of a
"scanning" technique, viz. a range of p; and p2 values
are specified, and a Generalised Least Squares (GLS) regres-

sion is performed for each (p:i,p2) combination.

To begin with we assume that o, is positive; this is
suggested by the "first-order" analysis. pi was varied
between 0,1 and 0,9 in steps of 0,1 and op, likewise. The
results for pa = 0,3 are given below; (all other o

combinations were closely similar).

It is immediately obvious from the table that as o, in-
creases a steady improvement in all associated statistics
(R?, SE, DW) results. (Varying p2, with pa2 > O hardly
changed this picture.) Specification No. 8 is clearly
optimal within the table, although there is not much to choose
between it and the "first-order" result given above; (the
DW statistic is marginally improved) . All coefficients and
their associated significance levels are in broad agreement,
and therefore, if a choice is to be made, it seems better to

accept the "first-order" result on grounds of its simplicity.

An identical 2nd order analysis was also done, this time
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\ using negative p:'s; the above conclusions were not altered

at all.

Finally, the TBR (i%) coefficients do not differ sub-
stantially from their OLS counterparts, nor do the t-
statistics. The DW statistic is now in the non-significant
region with an estimated first-order autocorrelation coeffi-

client of 0,356.

3.7 MULTICOLLINEARITY

A feature of concern is the evidence of possible multi-
collinearity in equations 1lC, 1D and 1lF, as evidenced by the

following correlations:

(1) between i_, and (i--it)_l = 0,906

(i1) between MB and Y_, = 0,935

It is possible that this collinearity between explanatory
variables is producing unstable estimates (see Appendix A).
With this in mind the coefficients of equations 1C and 1D

. were ie-estimated, this time using a technique known as
Explicit Ridge Regression (Hemmerle (1975)) that eliminates
the effects of multicoilineatity. A computer prégrém dev~-
eloped to undertake this type of estimation was applied,*

and the results were as follows:

*Explicit Ridge Estimation Program written by Patrick Wong Fung,
Department of Mathematical Statistics, University of Cape Town (1976),
(as part of an M.Sc. thesis project).

AN
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1% = 0,4031687 - 0,1648 . R_, + 1,28744 . 1i_,
-0,3864 . (4-1%)_,

M8 = 0,4960655 + 0,4484 . MB + 0,6926 . Y_
-0,03237 . 1

b

It is immediately obvious that the coefficients do not differ
materially from the OLS coefficients; (t-statistics were not
available). It is not clear whether the TSLS coefficients
‘ot lF are being adversely affected by multicollinearity, but
because the R?, DW and SE statistics are more favourable in
the case of 1D than in 1F it was decided at this stage to

accept the OLS results as being more accurate.

3.8 OTHER REGRESSION RESULTS

A number of other regression results, obtained during
our research, that were thought of interest are presented
here, but without any descriptive analysis. We leave it to
the reader to decide what, if any, conclusions may be drawn

from them.

3.8.1 FOREIGN RESERVES (R)

R = 4,75562 + 1,98006 . ¥ , + 1,07 . Y_ , -1,04 . Y_,
(o0,9] [0,47] [-0,44)
-1,27 . ¥_, -1,04 . (i-1%)_,+ 0,054 . (i-1%)_,
(~0,58] [-2,43] [0,08) | (Al)
-0,09 . (1-1%)_, + 0,133 . (4-1°)_, + 0,108 . (1-1%)_,
+ 0,12 . (i~1%)_,
[0,223]

(LT. Data: R? = 0,439)



R = 1,782 + 1,009 . E -0,3 . (1-1%)
[3,7]) (-6,01]

(ST. Data: R? = 0,5962)

R = +0,031 + 0,012 . (1-1%)
[0,051)  [0,44]

+ 0,985 . R_,
[15,751]

ST. Data: R? = 0,9357)

R = -0,1186 -0,065 . (i-1%)
{-1,65]
+ 1,007 . R_,
[20,04]
ST. Data: R? = 0,947)

+ 0,008 . E
[0,06]

+ 0,1002 . (i-i%)
[2,635]

3.8.2 NET DOMESTIC ASSETS (NDA)

NDA = O0,4442 + 1,8909 . it

[6,608]
+ 0,4601 . gd_1
(4,71384)

(ST. Data: R? = 0,6741)

+ 0,044 . gd
[0,4582])

-

3.27.

(A2)

(a3)

(a4)

(Bl)
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NDA = 3,757 -1,03494 . R + 1,35 . it + 0,568 . (i-1%
(-2,1398) ({3,425] [3,141)

-2,964 . (4=1%)_ ~2,373 . (1-1%)_, + 0,855 . E_,
(-1,373] [-1,2142] (0,782] (B2)

+ 0,4593 . g_,

NDA = 13,8603 ~- 1,2008 . R + 0,0502 . ga_,
| [-8,009] [1,0199]
+ 0,3076 . (1-1%) | (B3)
[5,2727)

(R = 0,6573; SE = 0,2923; DW = 0,22; p = 0,9329)

3.8.3 THE "CONTROLLED” OR “TARGET” INTEREST RATE (i%)

4t + 0,0007 . gd_

i ‘ = 107397 -0'306 . R-l 1 + 15039 - i"l
(4,035] [~6,269) (0,053] © [13,8)
-0,301 . (1-1%)_ | (c1)

[-10,248)
(ST. Data: R? = 0,92)

t* = 6,20 + 0,003 .94 + 0,077 . (4+-1%) + 0.73 . R
(9,9  [o,1] (2,13] 11,98)
-1,457 . R_, | (c2)
)  [-3,966) |

]

(ST. Data: R? = 0,64)
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tt = 1,7 -0,3 . R, + 1,04 .14_
(-6,4] (13,8]
+ 0,02. (1-1% 0,328 . (a1H_  (ed)
(1,01] [-8,212]

(ST. Data: R? = 0,933)

3.8.4 MONEY SUPPLY (Ms)

MS = -0,85476948 + 1,370181 . MB
[-1,527] [16,736] (D1)
(R? = 0,8506; DW = 0,29236; n = 48; ST. Data) '

k (- -) = -3,33306 -1,82005 . i -0,06118 . i®

+ 0,082638 . it

+ 0,023625 . (i-i%)
[1,326) [1,008) |

+ 0,00635 . (1-1%)_ -0,0059 . (i-1%)_,-0,119 . (i-1®)
[0,429]) (-0,484) [-0,456] (D2)
-0,0103 . (1-1%)_, -0,0009 . (1-1®)_,+ 2,5558 . E

‘ {-0,425) (-0,049] [1,008)

+ 0,75231 . E_,

(3,001]

(R2 = 0,9179; DW =.1,4304; n = 50; ST. Data)
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' M8 = -0,91588213 + 0,2899 , MB_, + 1,0898 . MB
(~1,567) (0,807) - (3,182) (D3)
(R* = 0,8526; DW = 0,18552; n = 49; ST. Data)

oMS = 54,4183 + 1,67528 . aMB + 26,8569 . A(1-1%).

[3,3138]) (0,5964]
+ 2,89503 . A!_t -55 '01975 . Ai (D‘)
[0,5464]) [=-1,41648)

(R = 0,21717; SE = 88,982; DW = 2,3905; n = 48)

Note: the above regression did not use the logarithms of

the variables.

In a preliminary attempt to endogenize the "Free Market"
Inﬁor-st Rate (in this case NCD) we regressed NCD as various
lag specifications of "Excess Reserves of Commercial Banks"
(as classified in the South African Reserve Bank Quarterly
Bulletins).

The results aro‘shown overleaf for three of the speci-
fications. It will be seen that some of the coefficients
are significant at the 90t level (tq’g = -1,303 at 40d.0.£f.).
The signs (=) of the coefficients are as expected, although
Ri's are not very high and the DW statistic in equation (G3)

indicates significant positive autocorrelation.
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L (2 NCD) = 2,4561  =-0,072704 . EXR |
(8,404] [-1,4910] (G1)
(R? = 0,044; SE = 0,317; n = 49) |

[7,794) [-0,7779) [-1,4355] (G2)

(R? = 0,08440; SE = 0,31414; n = 49)

i (= NcD) = 3,7477  10,051869 . EXR  -0,054206 . EXR_,
[8,2385] [-1,1402] [-1,11129]

-0,041990 . EXR_, =-0,02325 . EXR_,

[-0,90702) (-0,56235] (G3)
-0,12557 . EXR_,
[-2,9638]

(R? = 0,3142; SE = 0,26769; DW = 0,59974; n = 46)

3.9 RESULTS OBTAINED AFTER JUNE 1976

We éontinued to update and reanalyse the model during
November 1976, by which. time a total of 64 monthly qbserva-
tions on the "short-term" data had become available. These
results were incorporated into an updated version of the

Hurwitz-Kantor (1976) Konstanzer paper.

Most of the regression results associated with the ear-

lier paper remained largely unchanged* except for the

®* details available upon request.
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in the second period (from negative to positive), and re-

" mained :1§h1£1cant. This suggests a rovo:io effect from
Reserves to controlled interest rate afte£ October 1974.

" This association may be explained with reference to the in-
creasing reliance on accommodating foreign borrowing by the
Reserve Bank after this period. The level of Reserves the
authdritien were concerned with were no longer measurcd
reserves. The negative association between net Reserves

and interest rates over this period would surely be sustained.

The instability of the NDA equation has always been pro-
-~ blematic. The disadvantage of having to estimate NDA aé a
rgsidual,‘(i.e. MB - R), rathei than measure it directly
means that we are excluding from it factors which may be im-
'pottant. e.g. "Other Liabilities" in the Reserve Bank balance
sheet (see Appendix C). ("Other Liabilities form on average
about 10% of Total Liabilities.)

The Money Supply equation is, as mentioned above, a
hiéhly simplified form of the Brunner-Meltzer type model;
implying causation from MB to MS; as suggested previously

the causation may well be the other way.

The model that we have presented has the advantage of
simplicity, and high explanatory power. As we have noted,
however, this specification should be looked upon as a very
useful first approximation to any future aftempt to build a

more realistic monetary model. A model incorporating
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dynamic partial adjustment mechanisms would be a more real-

istic approach.

An additional improvement would be gained by an appro-
priate integration of the demands for and supplies of money

base, money supply and bank credit.

3.10 CONCLUSION

The degree of independence of South African monetary
policy from balance of payments consideration has been nomi-
nal despite the panoply of exchange and import controls with
which we have attempted to insulate ourselves. The South
African economy has remained an extremely open one which is
inevitably given the extent to which the economy engages in
foreign trade and depends on imports of foreign capital.

The study indicates that official preferences for relatively
stable exchange rates cannot necessarily prevent inflation-
ary monetary developments. That, on the contrary, inter-
national monetary developments to which fixed exchange rates
provide a direct link may prove highly inflationary as indeed
they have done in other periods of South African monetary
history, particularly duripg the World wérs (Kantor (1971)).
The only way in which South Africa could have avoided the
post 1972 inflation would have been to have adopted a strictiy
independent monetary policy with the closest attention being
paid to limiting the growth in monetary aggregates. Not
only did South African monetary policy fail in this, but also

allowed more purely domestic influences on the money base to
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perpetuate rapid rates of monetary expansion lonq after the
balance of payments itself had ceased to be an expansionary
influence. This indeed was a measure of monetary indepen-
dence but led inevitably, given the retained officiai pre-
ferences for exchange rates, to formal devaluations and

extensions of the exchange and import control mechanisms.

The crucial issue exposed by the study is the question
of the appropriate monetary standard. Theré.are essentially
two options available. These are either for South Africa
to exercise preferencés for exchénge rates, or to adopt a
monetary policy independently of balance of payments consid-
erations. It is not within the scope of this paper to argue
the theoretical advantages of alternative monetary standards -
(Mundell (1968)). Both a dependent and independent monetary
policy could under certain citcumstances provide a high degree
of absolute and relative price stability. It will all de~
pend in the case of fixed exchange rates on the rate of
growth of international money, and for any independent mone-

tary policy on the rate of growth of domestic money.
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CHAPTER FOUR

MODELLING LINEAR STOCHASTIC DIFFERENTIAL
EQUATION SYSTEMS

4.1 INTRODUCTION

The idea that an economic system may be represented
as a simultaneocusly interacting system of linear diffe:ent-
ial equations is not new. We must however be sure what we
mean by "linear", and also what the implications for stabi-
lity, etc., of such a system are. Further, the econome-
trician, in common with an engineer modelling any physical
process, has eventually to take into serious consideration
the error processes associated with his model; that is,
those uncontrolled or uncontrollable forces acting on the
system which give rise to departures from complete determi-
nancy. These are out "stochastic" effects and they too must
be the subject of our investigation. Sections 4.2 and 4.3
develop these two aspects in some detail, and thereafter we
discuss a particular approach (that of Bergstrém (1966) and

others) towards the estimation of such systems.

4.2 LINEAR FILTERS"

It is of interest to establish solutiong and stability -

®* The treatment given here largely follows that of James, Nichols
and Phillips (1947).
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criteria for a linear system of differential equations with
constant coefficients of the form (D = 4/d4t):

anonx.(t)+...+axox;(t).+ 20X, (t)

= b 0™xa () = b _ D" k2 (£)+.. . +boxa () (4.2.1)

1.6.  a12(D)x;(t) = Byz(D)xa(t) (4.2.2)

where ai12 and B;3 are polynomials of degree n and m

respectively).

This equation may be regarded as the govern1n§ differ~
ential equation of a system with "input x.(t) and "output"
(or "solution") x,(t), (James, et al (1947), Phillips (1959)).
The general solution to (4.2.1) is the sum of the general

solution to the "homogenous" equation
ai12(D)x,(t) =0 . - (4.2.3)

plus any solution of the "nonhomogenous" equation (4.2.2),

(Utz (1967), Theorem 8).

The output x,;(t) of the system (4.2.1) during any
period in which the input x;(t) is identically zero is a
"solution of (4.2.3), and may be regarded as the ftransient
response”" of the filter to the earlier history of its 1hput.
If, after some time £., the input x,(t) takes on a "steady
state" form, the transient response then becomes the differ~-
ence between the actual output for t > t, and the "asymp-
totic form" that it approaches; this asymptotic form is the
solution of (4.2.2).



Unit-Impulse (or "Dirac Delta Function") 6(t-ty) is a sing-
ular function defined to be zero everywhere except at t = t,
}1n such a way that it posesses the tolloﬁing properties

(t, < t2):

t.
[ f(t)8(t=-ty)dt = O if t; > ty or ¢tz < ty
t '

rt2
f(t)d(t=ty)dt = kf(ty) 4f to = t, or t2 = t¢
e,y :

rta
4 £(t)8(t=-to)dt = £(ty) 1f ¢t < ty < t;
t)

0
and I S§{t=-ty)dt = 1.
-id

We define the Normal Response of a linear system to
a unit impulse applied at time t = O to be W(t), called
the "Weighting Function" of the system. The determinatioh
of W(t) is most conveniently achieved by the use of the
Laplace Transforms. This method is duscussed below. At
this point it is in orxder to clarify the notion of "linearity"
with regard to linear systems such as (4.2.1). The following

are characteristics of linear systems:

'(a) The Normal Responge is a linear function of the input;

that is, if yi(t) 4is the Normal Response of the system to
the input x;(t), and y.(t) to xa(t), then the Normal

Résponse to the input x(t) = c;x,;(t) + cx2(t), (e;,c2

arbitrary constants), is y(t) = c1y,(t) + caya(t).
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1

(b) The Normal Response at any time depends only on past

values of the input.
. (e) The Normal Response is independent of the time origin.

A system that is linear in the sense described above we

call a "Linear Filter."

4.2(c) NORMAL RESPONSE OF A LINEAR FILTER TO AN ARBITRARY
INPUT ’

The Normal Responge of a linear filter to an arbitrary
bounded input x:(t) can be conveniently expressed in terms
of the response to a unit-impulse input. We assume
x2(t) = 0 for t <O. The function x,(t) may be appro-
ximated.by a set of n narrow rectangles of width Ati and

height x.(t,):

x2 (t)

5
ot VvV
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At time t, the input represented by such a rectangle may
‘bolapproximatoly written as:

‘AS Ati + 0 for all 1 this approximation becomes more

‘accurate, and we may thus write:

X2 (t) = tnxz(ti)AtiG(t-ti).

The Normal Response of a linear filter to a succession of
impulse~inputs will, by the definition of linearity, be the
;sum of the responses to each of these inputs. Since, by
our definition of W(t), we have that the filter response
to:

is: xz(ti)Atiw(t-ti), we may write the filter
response to the input

In the limit, as Aty » O for all i, this becomes

;“ 5 -

* ]o x2 (£ )W(t-t,)at, (4.2.5)
‘$ince W(t-ti) = 0 for (t-ti) < 0O we may write this as:*

t
o

'* One may handle delta function terms in the Weighting function by
~modifying the limits of integration: (James, et al (1949) pp 34-35).
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4.2(d)  THE LAPLACE TRANSFORM

Definition: If g(t) is a function defined for
t > O then it may be shown (subject to certain boundedness

conditiong®*) that
L [g(t)) = j g(t)e Ptat
o

exists, and is called the "Laplace Transform" of g(t).

It may also be shown that IL is linear, and:
n(8LEL) « pmig(0)].
Hence, for (4.2.1), we obtain:

c12(p)IL {x,(t)] = B 2(p)IL [x2(t)].

Bi2(p)

Writing Y(p) = arz(py ! (4.2.7)
we get: Lixi(t)) = Y(p)IL [x2(t)] _ (4.2.8)

Thus, to obtain xi(t), calculate Y(p)IL(x,(t)] and take

" the inverse Laplace transform.**

It may be shown (James et al (1949) p 60) that the
linear filter (4.2.l1) is stable*** only if m < n, (other-

wise the W(t) may also contain delta functions).

* gee Fadell (1968) "Vector Calculus and Differential Equations."
D. Von Nostrand N.Y.

*% It can be shown that Y(p) 1is, in fact, the Laplace Transform of the
Weighting Function, and is called the “Transfer Function" of the system.

w%% In the sense that.a bounded input produces a bounded output.
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4.2(e)  SIMULTANEOUS SYSTEMS

It we have N interrelated variables x,(t),
(i =1,...,N), we may in most cases write their relation-

ships as differential equation systems of the type (4.2.1),

- L., _
3(t) =
“1j(D)x1(t) Bij(D)xj(t) (4.2.2b)
(1,3 = 1,...,N; 1 # 3)

xi £ response of‘ x; to input xj. |
By our above discus:ion this may be written as (Ti £ the
transient response): |

xi(t)‘- Ty + Io wij(h)xj(t-h)dh : (4.2.9)

Because of the linearity of such systems the total response

of x; to Simultaneous inputs of Xy (1 #_j) is:
- 3
x, () zi#j xi(t)

iy vty |

Wij(h)x(t-h)dh (4.2.10)

o

If we gssuma'that the system is stable (i.e. m < n in all
cases), and that the initial conditions are at t = -»

(i.e. Ty =0 for all i)*, then:
(]
Xy (6) = Ty fo Wy (h)x (t=h) dh (4.2.11)
(4.2.11) is then the general solution to (4.2.2b), which may

be written as:

* Which will be true if the roots of (4.2.4) have negative real parts.
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B, (D) |
i
xi(t) = Ei’jajwy xj(t) (4.2.12)

4.3 STOCHASTIC CONSIDERATIONS

In order to accommodate the fact that (1) the system
may not be exactly linear and (2) the input may contain
"noise” elements we include stochastic distrubance terms into

the equations as:

oo

xi(t)'= 21#3 Jo wij (h)xj (t-h)dh + Hi(t) (4.3.1)

If we suppose that, as with other inputs, the "noise" is a
linearly additive input we may write in analogous fashion to

(4.2.11):

N ® .
, B,.(D) N;, (D)
i N ik
or xi(t) = Zi#j “ij ) xj(t) +4zk-l ?I;TBT ﬂk(t) (4.3.3)

We suppose that nik(s) is of lower order than Yik(s)' and
that wk(t) is a stochastic process. The rikks) have
Laplace Transforms (cf. (4.2.7)):

nik(s)
Rik(s) = 7:;737 .

,This approach is discussed in detail in Phillips (1959).

We however choose to deal with the simplified form:
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ay (D) (£) = T 38,4 (D)%y(E) + u,(t) (4.3.4)
(i, =1,...,n)
or, rewriting in matrix form* (Wymer (1972)):

D¥y(t) = IE_ A DX 'y(t) + Bz(t) + u(e) (4.3.5)

thro we have split the vector x(t) into a vector y(t)
of n endogencus variables and a vector 2z(t) of m ex-
ogenous variables. u(t) 4is a disturbance vector and is
assumed to be generated by a "white noise" process (see
Section 4.4). Ay are matrices of order n, and B is a
matrix of order (nxm). (4.3.5) is our(basic sYstem, and
may be written as a first-order system (Hirsch and Smale

(1974)) as follows:

Dy*(t) = A¥y*(t) + B*z(t) + u*(t) (4.3.6)
ol ' u*(t)S‘O
B u(t)

and Dyj(t) = yi,, (t) (1 = 1,...,x=1; yy(t) = y(t))

where y*(t) = [y}(t)|, A* = (0. I ), B* =

. .

- L]

yi(t) A" A,

Dy2(t) = Ii . A ¥p(E) + Bx(t) + u(t) .

(4.3.6) is a "nonhomogenous and nonautonomous® linear diff-
erential equation sy#tem (Hirsch and Smale (1974)) of the
form

Dy*(t) = A*y*(t) + C(t) .

To £ind a solution to such a system we first assume that

such a solution, if it exists, is of the form (£f: R+R® a

* We change the usage of the letters n, m, k, etc., here.
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y¢ = o’ Yoo, = WE + 0 (4.5.1)
This is called the "exact discrete model."* :f there are
a priori restrictions on the matrices A% and B* (as are
likely in econometric work), it is seen that these determine
complicated restrictions on exp(dA*) and y¥, thch makes
(4.5.1) di!ficult to estimate directly. An approximaté
discrete model has accordingly been developed to obtain es-

‘timates of A* and B*.

4.6 THE APPROXIMATE DISCRETE MODEL
Making the approximations (Houthakker, Taylor (1966)):
4a 1
(3£) * (Y, ~¥Y._,)
a% tmfO-k6 [-ARE JR £ T

and  y(ré-k8) = k(y 4y _,),

‘we integrate (4.3.6) over the interval (t-6,t) and obtain:
| t

t
I Dx(s)ds = Axt, I

x(s)ds = Mxt
t-$

t-6
(where & = (1-L),
M = k6(1+L),

th = Xew )

‘We assume that all variables in (4.3.6) are observable at a
1point in time (i.e. they are all "stock" variables). The
Qanalysis must be modified if the model includes "flow" vari-

~ables, and details of this are given below.

b "exact discrete" in the sense that the continuous model (4.3.8) gene-
rates the same observations at the discrete time points
t=1,2,... as does (4.5.1).

R
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Setting Ayfe = MYy, ¢ + Ugy o
r
Byre = Iypm) PxMyRe + BMz, +u..
Yo = ¥}y . and

Ve ® fi_l(Mi-‘Fl)uit, (and assuming terms in

\ .

'Aj and Uye negligible), we may write (Wymer (1972)) the
"approximate model as:

r

aTy, = IE_ A, (1110

Ye +Mrth = Ve (4.6.1)
This may be rewritten in first-order form as:
Ayg = A*(Myg) + B*Mz, + vi . (4.6.2)

where vg' - (u;t, u§t""'“£t)' yg, A*, and B* corres-

pond to those given for (4.3.6).

(4.6.2) (or (4.6.1)) may be regarded as an approximate

equation, and v; as an arbitrary random error. We may

however regard (4.6.2) as defining Qg in conjunction with
(4.5.1) in the following way: Rewrite (4.6.2) as:

F(I-SA*) Y} - F(I+6A%)y? | = BMz, + v}
and (4.5.1) as: |
%(I-kéa*)yt - %(I-kca*) e®A” Yio,
= F(I-N6A%)YE + F(I-R6A%)u? .
Then we may equate*:

vi = %(xfssa*)m;

* Sargan (1974) gives the érrOtc involved in makiﬂa this type of
approximation, and shows that they are small for small 6.
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To establish the covariance generating function
(L the lag ogerator):
. [}
rL) = [0, ¢t
(where ¢, = E{v vl })of the process v. write, without
loss of generality, the error process generating vy as a

*moving average" process of the form (Quenouille (1957),

Kendall and Stuart (1966)):
v; = U(L)et (4.6.3)

where U(p) is a matrix of polynomials in the lag operatof,‘
and € is a vector of independent random eiements with the
same variance o? (say), zero mean, and are uncorrelated.
By our assumptions on the wg, Uy and vg above it may
be shown (Wymer (1972)) that the vg are serially uhcorre-
lated with contemporaneous covariance matrix*

E(vivi') =Qr =T @@= [y _, O] eaq

o Yo

62k-1
(with v, = {(2k-1) + ¥(2k+l)
(k!) 2 (2k+1) (2k=-1)

| - k(2k+1) (2k-1) }
for k = 1,2,..., and Y, = §;
@ as in Section 4.4 ).
This implies that U(L)U'(L™) =T_e @ .

* @ is the Kronecker product.
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Further, Ve is generated by an "autoregressive"

process of the form:
V(L)vt - vg . .

where V(L) 4is again a matrix of polynomials in L. By

referring to the definitions of Ve and vg it may be seen

that:

vTiL) = (p'(L)eI))
where p(L) is a vector of length r whose ith element
is:

(-0 7 g e i
This immediately implies (Kendall and Stuart (1966)):

F(L) = VY (@u@u @™ Hv ™t @™
= (p'(L)@I )T _8a(p(L” )er.)

= P (LT, PR N (4.6.4)

* Since, by the rules of the Kronecker product:

(p* (LB, )T, 82 (p(L) 6L, )

(P' (LT (8(L,Q) (P(L™)6L,)

(P" (LTP(L™ )OI )
= (p' (LT D(L™))eR

=p' (LT DHL™)Q , the last step
because p'(IJPrp(L.l) is (1x1) .
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For example, if r = 2 (4.6.4) gives:

SF(L) = L™'{= +& (1-L)? + ¥(1+L) + % (1+L)%)Q

« (1L + 0,268L) (1 + 0,268L"")Q

(We need only determine F(L) up to a constant of proport-

ionality).

In order therefore to "prewhiten" the elements of
vV, we merely multiply them by the inverse of the moving
average process ( 1 + 0,268L) (truncated after a suitable
number of terms). This transformation must then also“apply
to all the variables in the model (4.6.2) in order that
Full-Information Maximum~-Likelihood estimation techniques*
(which require a se:ially uncorrelated error process), may

be performed to yield (approximate) estimates of A* and B*.

It may, in a similar way, be seen that r = 3. gives
rise to a moving average process of order 2, and in general
an rth-order system'of stock variables gives rise to a
‘moving average error process of ordet (r-l), and must be

pervhitened accordingly.

In the above we have considered a model involving
only stock variables.: If our model also contains "flow"
variables we must, in deriving the approximate discrete model,

integrate twice over the interval (t-46,t). This procedure

* Appendix A
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has the effect of raising the degree of the moving average

error process.

Theorgm l: The approximate model of order r has moving

- average error of order r 1if lome~£iow variables are deter-
mined in equations of order r, and has moving avefago error
of order (r-l) if all flow variables are determined in

equations of order (r-l) or less.

Proof: (1) This is true for r = 1. (Proofs may be found

in Wymer* (1974, 1976)).
(i1) Assume that it is true for r up to k.

(i1i) Consider a mixed (stock/flow) system or order

r = (k+l):

(a) If only stock variables are detefmined in equa-
tions of order (k+l), and all flow variables in
equations of order k or less, then we may re-
write the system as one of order k by defin-
ing new variables p = DP where P is a stock
variable determined in an equation of order
(k+l). By (ii) this system has moving average

error process of order k.

(b) If some flow variables are determined in equa-
tions of order (k+l), then we may transform

the system to a (k+2)th order system by writing

*® An explicitly worked-out proof isvgiven in "Static and Dynamic Modelling
of the South African Real Sector," G. Barr (1977), unpublished M.Sc.
thesis (available: Jagger Library, University of Cape Town).
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all flow variables x as Dy, where y is the
corresponding "stock" variable. By the extensive
discussion given above, this stock system has
“moving avcxago error of order (k+1), hence proof

by induction.

4.7 SUMMARY

Starting with the notion of a Linear Filter, we showed
that the stability of such a system is ensured given certain
restrictions on the degrees of the polynomials involved in
their specification. These restrictions correspond to the
concepts of causality developed in Chapter One, although an
alternative interpretation of such a system as a transfor-
mation of a model of the type (4.2.l11) could be given. It
was also shown (Section 4.3) how stochastic considerations

may be introduced within this analytical framework.

The narrower form (4.3.5) however, was adopted invol-
ving a'somewhat different error mechanism, (Section 4.4).
This was then rewritten in a first-order differential equa-
ﬁion form and solved (Sections 4.3, 4.5) to obtain the so-
called "exact discrete model." The exact model, involving
complex restrictions Bn the coefficient matrices, proves
difficult to estimate, and an alternative "approximate dis-

.

crete model" (Section 4.6) was develoPed;



analysed, and it was found that an r
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The error process of the approximate model was then
t"h--o::cler model in-
volving only "stock" variables produced an error process
of order (r-l), whereas a mixed "stock-flow" (or pure
flow) model gave an error process of order r if flow var-
iablas were determined in equations of order r, énd (r-1)

otherwise (Theorem l, Section 4.6).

We proceed, in the next chapter, to use the foregoing
theory as a basis for estimating a differential-equation

model of the balance-of-payments mechanism in South Africa.
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CHAPTER FIVE

TESTING THE MONETARY THEORY OF
THE BALANCE OF PAYMENTS

5.1 INTRODUCTION

Chapters Two and Three concerned themselves largely
with an analysis of the sources of money in South Africa.
This final chapter takes the theory a step further, speci-
fying a model embodying the effects of money on prices,
bank credit and interest rates.

_ The model, along with the accompanying theory, is first
presented. This discussion follows that in Hurwitz (1977).
A more extensive version of the same theory may be found in
Kantor (1977). Estimation methods and a discussion of the
parametér estimates is given, and a number of suggestions

for future research follows a note on stability analysis.

5.2 MONETARY THEORY

"In democratic societies, central bank behaviour is really en-
dogenous to a model of the political process ... [this] ...
suggests that economists should not pretend that central
banks can pursue freely their own preferences or those of

their advisers ..... .
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The extent to which central banks can influence high-powered
money can also be quaotionaj- Work on the monetary approach
‘to the balance of payments has reversed the whole chain of
influence, at least tor\a small country with fixed exchange
rate ... . Attempts by the central bank to supply more or
less than the desired amount of monay will simply result in
deficits or surpluses in the balance of payments.”

(Brainard and Cooper (1975).)

This study is concerned with the explanation and empi-
rical estimation of important monetary transmission mechan-
isms for South Africa. Monetaiy effects are analysed with-
in the framework of a small, open economy with a preference
for fixed exchange rates. Demand and supply pressure in
the money and bank credit markets are shown to affect the
price level and the balance of payments, and the interactions
between money, prices, interest rates and the b.o.p. are

indicated.

Money is assumed to be a substitute for real goods and
- services, and of course domestic goods and services are sub-
stitutes for fofeign gdods and services. An excess of
actual over desired real money balances is therefore seen

to stimulate extra demands for imports and discourage ex-
fotts. Domestic prices also tend té increase in responsé
to excess supplies of money, which also leads to increaéed
supplies of domestic credit and hence less demand for for-

eign loans.
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The essentially simultaneous nature of an economic
system is therefore seen to lie at the heart of any serious
attempt to analyse changes in economic variables. For this
very reason the model was specified and estimated as a simul-~
taneously interacting system of differential equations,*
using the techniques of Full-Information-Maximum-Likelihood.*#*

The more detailed assumptions were as follows:

THE PRICE EQUATION

An increase in the supply of money leads to inflationary
pressure via a "partial equilibrium adjustment," that is -
a lagged adjustment to equilibrium (see below). If the
supply of real money balances is in excess of the desired
demand for money, the rate of change of prices will increase.
Domestic prices are assumed to follow world érices via stand-
ard arbitraging mechanisms. The open economy assumption
implies that domestic and foreign goods are good substitutes
or that, in other words, given fixed exchange rates, prices

change in the direction of purchasing power parity.

EXPORTS

The supply of exports depends on the growth in desired
supplies and on relative pricés. Exports adjust with a
lag to eliminate differences between desired and actual

supplies.

* Chapter Four
*% Appendix A
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PRIVATE CAPITAL IMPORTS

Capital is assumed to flow in response to differences
between desired ahd actual levels of private bank credit, and
to differences between local and foreign rates of interest.
The desired demand for bank credit depends on real incaome;

income is taken as exogenously determined.

PRIVATE CREDIT

The level of private credit responds, as in the argu-
ment involving capital inflow, to differences between desired
and actual levels of credit, as well as to the difference be-

tween the rate of interest and its equilibrium, or "steady-

state," level.

TREASURY BILL INTEREST RATE

This interest rate is understood to be set by the autho-
rities in response to the state of the balance of payments
and the level of demand in the credit markets. A decrease
in interest rates will follow easier credit conditions, but
a seriously detgricrating balance of paynfents position will
invariably oblige the authorities to adjust thé rate upward

even if credit conditions are tight.

NET DOMESTIC ASSETS (NDA)

Deposits, at the Reserve Bank, of commercial banks -
that is, the Domestic Asset position of the central bank,

net of government deposits - will change as banks satisfy
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their demands for cash by borrowing from the Reserve Bank.
NDA will also depend on whether or nﬁt the commercial banks
are ablé to obtain cash via the balance of payments, 1i.e.
through the reserve position. It is assumed therefore

that NDA is a function of the relationship between the total
demand for bank credit and the supply of Foreign Exchange
Reserves. The model assumes that the supply of cash acco-
modates itself to the demands for credit; this assumption
follows from the concern for nominal interest rates revealed

by the authorities.

THE MONEY SUPPLY

“ The sources of changes in the Money Base - the "high-
powered" money of the system - are seen as two-fold:
Money Base may change with changes inleither'the NDA posi-
tion of the Reserve Bank or with its Foreign Reserves. An
increase in the base leads to an increase in the Money
Supply via a "Brunner-Meltzer" type multiplier , which
is itself a function of a range of interest rates, reserve

requirement ratios, income, wealth and prices.

5.3 PARTIAL EQUILIBRIUM ADJUSTMENT : A NOTE

Much of the subsequent formulation is put into the form
of “"partial equilibrium adjustment." A very simple example
of this would be:

Dy(t) = B{y(t) - y(t)} (5.3.1)
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A~

where denotes an equilibrium level. In other words,
the rate of change in y(t) is proportional to the differ-
ence between the current value of y and its (partial)

equilibrium level y, also at time t.

We call I%I the "mean time lag to equilibrium."

(5.3.1) may be rewritten in the (inverse operator) form:

y = 527 ¥ , and this has solution (Utz (1967), p 45):

y = f ge BS J(t-s)das.
o

-Bs

Here Be is the Weighting function W(s), (or "lag dis-

tribution”); this follows from the fact that:

J W(s) §(t-s)ds is the general solution to
ol\
(D+B)y = By (under certain assumed conditions mentioned in

Chapter 4), and because the Transfer function of the system

is,

Y(s) = §%§ » and also because the weighting function
is the inverse Laplace transform of the Transfer function

(Spiegel (1968), formula 32.24), i.e:

= 1" '1- B 1 = ga—BS
W(s) = 1L [m] Be .

Note also that:

. . _
J W(s)ds = 1, and:
o)

II%I

W(s)ds = 0,63, that is |%| is the time taken
(o]

for 63% of the discrepancy between § and y to be re-

moved by changes in vy.
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The Export equation given below (Section 5.4) has the
form (5.3.1); for the others a modification of the above

analysis would be necessary.

5.4 THE MODEL EQUATIONS

The following model, similar in its approach to
those of R. Bergstrém and C.R. Wymer (1974), P.D. Jonson
(1976, 1977a, 1977b) is set out as a system comprising five
first-order differential equations, two zero-order equa-
tions and three idgntities - a total of ten simultaneous
equations applicable to South African data. (Stochastic
variableé are omitted here, but_are implicitly assumed in

the non-identity equations.)

1. THE PRICING EQUATION

D log P = v, [log(MS/P)-log m] + v, log (P, /P)
; =Moo YB7(it)B3
(© denotes a desired level; D = 4/d4t).

Corresponding to any level of real income and interest rates
there is assumed to be a partial equilibrium level of de-
siréd demand for real balances (&). The proportional

rate of change in the price index is assumed to be an in-
creasing function of the proportional increase in actual

over desired real balances: an increase of say, one percent
in the log of actual real balances over desired will increase

the rate of increase of prices by Yy, percent per unit time
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period. Further, following our above discussion, the var-
iable (Pm/P) is included to represent the effect of ar-

bitraging mechanisms that maintain purchasing power parity.

2. REAL EXPORTS
At
D log X = v,[log xee" "~ (P /P) - log X]

Desired supply of South African exports is assumed to de-
pend on relative prices as well as an exponential time
trend, which represents the growth, or decline, in the level
of wbrld demand. The proportional rate of change of ex-
ports is assumed to depend upon the excess of desired supply
over actual supply. The supply of exports adjusts, with

a lag, to this partial equilibrium level of desired supply.

‘3- PRIVATE CAPITAL IMPORTS

D log Ky = v,[{log TP-log TP] + v,, log(it/ie)
TP = ¢, YP?

The desired'level of private credit is taken to be a func-
tion of real income, and a function of the ratio of desired
and actual levels of credit influences the rate of increase
in private capital 1pflows. The ratio of local and for-
‘eign interest rates is also assumed to affect this rate of

increase.
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4. DEMAND FOR PRIVATE CREDIT
D log TP = y,[log TP-log TP] - B4 log(it/i%%)

ik% =

Changes in the level of private credit is assumed to be a
function of desired-actual differehces as well as a de-
creasing functién qf the ratio between the rate of interest
and its equilibrium, or "steady state," level i**, In the
steady-state interest rates are constant. This is consis-
tent with the assumption of a fixed exchange rate in an in-
flationary world with prices growing at a constant exponen-

tial rate.

5. TREASURY BILL INTEREST RATE

D log i® = -y, log (EXR/EXR*¥) + y, log (NDA/NDA**)

EXR**

EXR* exp Azt

NDA** = NDA* exp Ast

A level of commercial bank excess reserves (EXR) in excess
of its steady-state level is indicative of easy domestic
credit conditions, and is thus thought to lead to a decrease
in interest rates. On the other hand a level of NDA in
excess of ité steady-state value is taken to indicate un-
satisfactory balancebéf payments developments requiring
correction in terms of higher interest rates. It may élso,
not perhaps simultaneously, suggest a high level of govern-
ment spending relative to taxation, and therefore thé ne-

cessity for government to adjust the rate upwards in order
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to attract more bank credit, or to impose additional reserve

requirements which may lead to tighter credit conditions.

The interest adjustment mechanism appeared to be sub-
ject to Qariablo lags, and good estimates of changes in in-
terest rates in these terms were nbt obtained. A previous
study (Hur&itz and Kantor (1976)) found a satisfactory ex-
plahation for the level of interest rates in terms of the

level of reserves and credit market conditions.

6. NET DOMESTIC ASSETS (OF THE RESERVE BANK)

log NDA = vy, log TRG + Y, log it

It also proved to be extremely difficult to find a satis-
factory explanation for changes in the level of NDA, and
so, following the earlier discussion, the level of NDA is
taken to be an increasing function of interest rates and
the ratio of total commercial bank credits to total foreign

reserves of the Reserve Bank.

Higher interest rates could be expected to lead to
more profitable bank lending and therefore an inc;ease in
borrowed b#nk reserves. TRG = TBC/RG indicates the more-
or-less automatic adaption of banks cash reserves to the
level of bank credit given the controlled structure of

interest rates.
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7.  THE MONEY SUPPLY
aIOg MS = log mo + Bs log it + B¢ log MB

This function is a modified and simplified "Brunner-Meltzer"
multiplier relationship: the Money Supply is assumed to be
a multiple of the Money Base where the multiplier is taken
to be a function of the rate of interest - the interest

elasticity of the mﬁltiplier being 8s.

8.  MONEY BASE IDENTITY

[H 3

MB RG + NDA

R + FL + NDA

9. TOTAL BANK CREDIT IDENTITY

TBC = TP + TGL

10.  CHANGE IN FOREIGN RESERVES IDENTITY
DR = DKp + P(X~-M)

i.e. DRG = Dxp + DFL + P(X1M)

DKG + P (X-M)

"

P = Price Index

X = Exports

K. = Private Foreign Capital

TP = Private Credit (of Commercial Banks)
i = Interest rate

NDA = Net Domestic Assets (of Reserve Bank)



MS =
MB =
TBC =
R =
RC =
t -
Pp ™
Y =
i =
EXR =
TRG =
PL =
TGL =
M =

KG =

(Mmoo,
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Money Supply
Money Base
Total (Commerical) Bank Credit

Foreign Reserves (of Reserve Bank)
net of Government Foreign Borrowing

Total Foreign Reserves (of Reserve bank)
Time trend

Foreign Price Index

Real Income

Foreign Interest Rates

Excess Reserves (of the Cammercial Banks)
TBC/RG

Foreign Borrowing of the Government
Total Credit to Government (of the Commerical Banks)
Real Imports

Kp + FL

Xo, Co, Mo, 1*, EXR*, NDA* : constants)

See Appendix C for a list of the data series used.

5.5

THE STEADY STATE GROWTH RATES

The model system may, in general, be written as:

DY(t) = F(Y(t), Z(t),06) + u(t)

This
(¥)

represents a linear or non-linear system of endogenous

and exogenous (2) variables, and a vector (6) of

parameters which have to be estimated.

The "Steady State" or "equilibrium growth path" of



of this system is obtained by assuming behaviour for the 2
variables - usually assume that the z1 are either constant,
or that

zi(t) - ZI e for all |,
that is, the exogenous variables grow at constant exponential

rate.

We then solve the system with out assumed Z; to ob-
tain a "particular solution:"

Dit
Yi(t) = Yi e for all i,

where Py ™ gi(k,e), YI = Gi(x,e,z*).

For example, in our pricing equation we first assume
that the exogenous variables Y and P, have steady-state

forms:
Y** = y¥* exp(pyt)

B** = px exp(ppmt)

(Y*,P;,py,ppm constant) .
Similarly, the endogenous variables P, MS and it
have steady-state forms:
) P** = p¥* exp( pt)
* =
MS* MS* exp( \gt)

th*

*
i = it (constant - see footnote)

* For any interest rate, i =D log P + ig, where i, is a constant rate
of return (on real capital), and D log P adjusts for inflation; thus
i** = D log P** + ig = pp + iy, a constant.



Substituting these in the pricing equation,

ing coefficients, obtain:

-l .
Pp = (Ya*Ya)  (¥,Ppg=Y,B70,+Y,0, )

P Pp

Doing the same for all the other equations:

P, = Ay +p_ _ P
£ pm p

Pk ™ Y, log co + Y, B2 log Y* - y, log TP*
t* ex
+Y,, log i - Y,, log i

°NDA

pms = B¢ pMB

5.14

and equat-

The equation for MB, has to be suitably log-linearised

using Taylor Series expansions about means (Spiegel (1968)).

This yields the results (bars refer to mean values):

DMB = czc;pRG + CzcloDNDA

where: c, = log {exp(log RG) + exp(log NDA)}-l

cs = exp(log RG)
cs = exp(log NDA)

Similarly, (all ci's being constant functions of

'means):

Prpc © C6C7 109 Ppp + CeCobpgy

After some rather lengthy and tedious algebra the DR

equation also yields the simple linear form:
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D log R =¢cg + ¢;90 D log Kp

+ C12 log M + c13 log P,

+ ¢c;1 log X

and hence:

PR = G + Cxopxp + ¢31 log X*

+ ci12 log M* + ci13 log P*.

It is of interest to note a few points concerning the
above functions: the rate of growth of prices in the steady-
state is proportional to the growth rates of the money supply
and foreign prices, which reflect the domestic and purchasing-
power-parity/fixed-exchange-rate effects respectively, and
is negatively related to the growth in real income. The
growth rate of exports depends positively on that of foreign
prices and negatively on local price growth as may be ex-
pected. Private demand for credit grows at a rate propor-
tional to the growth of real income. Money base growth is
approximately linearly related to that of gross Reserves and
NDA, and the money supply grows at an exponential rate that
is proportional to that 6f the money base. Similar comments
apply to the other growth rates apart from those of private
capital inflow and Reserves which grow at constant rates

depending on other steady-state levels.

5.6 ESTIMATION PROCEDURES

Prior to the estimation of the present model, an earlier

version incorporating a Traded/Non-traded Goods theory of the



5.16

pricing mechanism, and given in Hurwitz (1976), was estimated
using monthly data. These estimates were however disappoint-.
ing in the sense of the low significance and often incorrect
signs of the parameters in general.¥* Much work was sub-
sequently put into finding a more satisfactory specification,
and the results presented below show the most promising to
date although the model should not be regarded as being fully
developed. We discuss further possible modifications in

the concluding section of the chapter.

It was also found, in work on the earlier model, that
linearizations of the type given in Section 5.5 were gquite
unsatisfactory - producing large estimation errors. For
this reason we exclude the identities and consider only the
first seven equations. This implies that, in the reduced
model, MB, TBC, and DR are exogenously determined although

they are endogenous to the complete model.

The data used to estimate the model is quarterly, and
was calculated by averaging monthly data. In order to ob-
tain a model that is defined in terms of measurable quanti-
ties it is necessary to integrate it over the observation

~period so that the flow variables X and Y become:**

t t
X° = I X(s)ds, Y’ = I Y(s)ds
t-1! t-1

* Details available on request

*%* We have, in fact, set § = 1 = } year (see Chapter 4) The published
figures actually give PX° and PY°.
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Although all the other variables in the model are stock var-
lables (i.e. observable at an instant in time), we are tak-
ing their 3-month averages. This will give a model with
moving average error process of order 1 (Wymer (1975)),
which would be true anyway since at least one flow variable
is determined in an equation of order 1 (viz. in the Export

equation).

Observations on the variables in the integrated model

are given by:

t
Ye = It log y(s)ds = M log y,

(where M = %(1+L), ILx, = x,_,)-

In view of the above comments (and footnote), the quarterly
data at hand is already in the form yé for stock variables
and Myg for flow variables, (M = 1(1+L+L?)). All model
variables have now to be prewhitened by the inverse of the

first-order moving average process, (suitably truncated*):

a(L) = 1,0 + 0,268L

The model integrated a second time gives the approxi-

mate discrete model** (A = (1-L)):

* In this case, after the 4th term; the sum of the coefficients of

the inverse is: 0,785.

%k It will be noted that we are omitting the steady-statevparameters
for interest rate, excess reserves and NDA (see Section 5.7).
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1. AP° = y,M(MS?) - y,MP’ - 0,785 v, log moo

0
-Y137MY° - Y;BSMit + YgMPI; - Yszo

2. ax® = 0,785 v, log xo + 0,785 y A1 (t-t)

+ Y MPp - Y,MP° -y, MX’

3. oK° = 0,785 v, log Co + Y,B2MY° - y M(TP®)

0 0
+ YloMitA = YloMie

4. ATP® = 0,785 Yy, log co + Y BMY’ - Y M(TP®)
- BuMito
0
5. a1t = -y M(EXR®) + y,M(NDA®)
- ¢ t °
6. M(NDA®) = y M(TRG®) + y Mi

0
7. M(MS®) = 0,785 log m, + BsMit + B¢M(MB®)

The model must be rewritten in the form:
(I-XA)Ay - ALy - BMz = O

for estimation by the program RESIMUL (Appendix D). This
form is obtained by replacing all My by (%A+L)y for

those endogenous variables determined in first-order equa-

tions (Wymer (1975) pp 21-24). This gives:
1. £f1uxy = 01%7 + £2X13 = 62X14 + £22%x¢ + £1:X5
+ £1sx12 + £18x20 = 0

2. £3x2 + 0axg + £4yxX) + fsxs = £9X19 ~ £5xX1

= £19%20 =0
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TABLE
Continuous Discrete Variables for Parameters Functions
Variables Variables RESIMUL
Endogenous 6 =y, f1 = c161s
82 = Y2 f£2 = 818,
pp° AP°® x1 = Ap° 63 = v;3 f3 = ci+c203
px° ax° x2 = AX® By = vy, £, = ¢208140;2
DK; AK; X3 = AK; Os = ys fs = 030;2
DTP ATP® xy = ATP’ 86 = Yo f6 = c20s
t° .t? .t0
Di AL Xs = Al 07 = vy f; = 836,
NDA® M(NDA®) x¢ = M(NDA’) 85 = v, fo = 64013
Ms® M(Ms®) x7 = MMS®) 8 =y, £9 = 264
610= Y10 f1o= c26)0
Predetermined 611= A £11= ¢26,0,,
612= B8, f12= c20,6
P’ Mp’ xg = LP° 013% B, £13= c1+caBs
x° Mx° X9 = Lx°® B14= B, fi14= Cc1+c201+c20,
K; MK; X10%= LK; B15= B, fi1s5= 6,0,
TP® M(Tgo) x11= LTP: 616 Bs f16= c20,5
it Mit X12%= Lit 617= B¢ f17= 6856,3
018= B, fig= 00,4
Exogenous 019=log moo f19= 03035,
Y’ My° x13= MY° B20=log xo fa0= 64,03,
P;o MP;O Xiy= MP;o ©21®=log ¢o f21= 0502,
;e Mi® x15= Mi® 622=log m, f22= 0,+6,
EXR® M(EXR®) x16= M(EXR’)
TRG® M(TRG") x17= M(TRG")
MB® M(MB") x18= M(MB®)
t 0,785(t=t)  x19=0,785(t~t)
1,0 0,785 x20= 0,785
¢:1 =1,0

c2 = 0,5
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dence can be placed in these results as neither of the co-

efficients were significant.

The significant negative coefficient of the time-trend
parameter in the Export equation is rather interesting, and
is also consistent with earlier models tried out by the |
author. It suggests that the real level of world demand
for South Afriqan exports has 5een declining over the period
of the investigation (viz. 1965/I to 1975/I). The actual
value of A, is however open to some doubt, and another in-
vestigation (Barr (1977)) showed a value of XA, close to

zero.

Numerically, Y, = 0,13 implies that a one percent
change in log of real money balances over desired will in-
crease the rate of increase of price changes by 0,13%'per

quarter (or 0,52% per year). -

Y, = 0,32 implies that a one percent increase in log
of the ratio of foreign to local prices will raise the rate
of increase in local prices by 0,32 percent per quarter.

Y, = 1,48 shows that the supply of exports takes only two
months on average to move (in an average-lag/partial-adjust-
ment sense) towards meeting extra desired supplies. The
parameters y, to Y,, and B4 to B¢ have similar

interpretations.

The value 11,41 for the relative price elasticity of
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desired supply of exports suggests a marked effect of local
price changes (relative to foreign prices) on supply. Ba
and B2, both income elasticities - the former for real
balances, the latter for desired credit level - are both
significant, B8 being greater than one implying a greater-
than-proportional change in real balance demand in response
to changes in Y. Bs is not, however, significant in the

real~balance function, and B, is less than one.

5.8  STABILITY

In models of the type discussed above it is often poss-

ible to reduce then to the form:
Dy(t) = Ay(t) + £(y,t) .

This is usually accomplished by defining y(t) to be a vec-
tor consisting of the ratio of the model variables to their
steady state paths. If, in this case, the matrix A has
eigenvalues whose roots all have negative real parts, and if

£fiy,t
Yy

tends to zexo uniformly in t, t > O, then (Coddington and
Levinson (1955), ch 13) y(g) = 0 is an “asymptotically

stable solution."”

If the model is completely endogenised €£(y,t) wusually
turns out to be a function of t only, and this simplifies
the uniform convergence considerations (for examples of these

types of models see Bergstrém (1967) and Bergstrém and Wymer
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(1974)). If however the model contains exogenous variables
then we usually have to assum§ uniform convergence for
£(y,t), which is not very satisfactory. On the other hand
it is possible to examine the endogenous part of the sub-
model containing only the differential equations. This

subsystem had eigenvalues

1. -0,449395
2. -1,475427
3. 0,00000
4. -0,027515
5. -0,581574

(all imaginary parts equal zero). This would imply stable
behaviour for the "endogenous model" - apart from the 3rd
equation (Private Capital Imports), which would need further

investigation.

5.9 THE DIRECTION OF FURTHER RESEARCH

The above model should be seen as a first step towards
a more complete representation qf the functioning of the
economy as a whole. The real sector has been taken as ex-
ogenously determined, and the effects of changes in price,
interest rates and money on aggregate output needs to be ex-
plained. Further, imports must be endogenised to complete
the picture of the balance of payments mechanism. The un-
satisfactory nature of the interest rate equatidn suggests
that it might be better to concentrate on explaining levels

rather than changes in the rate.



Policy reaction functions, quantifying as far as possible’
the actions of government, are vital if a realistic model

is to be had, and the role of expectations, particularly in
a situation of highly visible inflationary conditiong should

.also be incorporated.

Given the limitations - self imposed - on the present
analysis, it is pleasing to find that the model stands up
well to the data, and gives parameter estimates that are,

on the whole, significant and realistic.
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APPENDIX A

NOTES ON LINEAR REGRESSION ANALYSIS

INTRODUCTION

Although this appendix directly serves the foregoing
chapters, an attempt has been made to present the material in
a logical sequence so that any reader unfamiliar with econo-
metric analysis might gain some expertise on a fead-through.
References to textbooks and papers are also given, these will
contain further references; in this way the sketchy nature
of the material here presented may be suitably "filled.out"
by those interested. A familiarity with basic statistical

concepts is assumed, as is a knowledge of elementary matrix

algebra.

A.l MULTIPLE LINEAR REGRESSION (ORDINARY LEAST SQUARES)
AND ASSOCIATED TEST STATISTICS

Consider the General Linear Model (Graybill (1961))

Ytgsl *Bzxzt.+ o-o+kakt+ut (t‘l,-..,n)

where Y, is the dependent variable, the xj are independent
variables, the Bj are (constant) regression coefficients and
u, is an error term. The ¢t subscript refers to time:

Y, is the value of. Y at time t, etc. (We have n con-

current observations on the Y and xj variables.)
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This may be written in matrix notatjion as:

Y= XA + u (A.1.1)
where ¥ = {Y;), X = 1 X33 . . . xkll' B8 = [B:1), u= (u;
‘Yn 1 xzn * e . xkn LBk Lun

The following assumptions are made:

1)

2)

3)

4)

u is a real,Normally distributed, (vector) random variable

with
E(u) = 0, E(u u') = ¢g3I

where I is the (nxn) identity matrix, and o¢2? is a con-

stant - the variance of the u, . (Note: this implies
E(utus) = 0 V t ¥ s.)
u, and xji are independent Vv j = 1,...,k, and any two

of the xj are not perfectly collinear,
i.e. X, # a + a xj (1 %3, a; constants), and X

is of rank k.

The equation is correctly specified in an economic context
(i.e. no important variables have been excluded or spurious

ones included, and the linear form is correct).

The n observations on each (xit, Yt) variable have been

given without measurement error.

It can then be shown (Graybill (1961) , Johnston (1963)) -
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that the Best (i.e. minimum variance) Linear Unbiased Esti-

mate (B.L.U.E.) of B 1is given by:

B = (X'X)'X'Y (A.1.2)
(and is Normally distributed, being a linear conbinatién of

Normal variables).

To see this, multiply (A.l.2) through by X':
X'Y = X'XB + X'u ,

then B = (X'X)7!'x'Y - (X'X) 'x'u
v E(8) = E(B) - E((X'X) 'X'u)
= E(a) - 0 (by assumption (2) above).

(The minimum variance proof is omitted.)

~

We now have estimates Bj of the k Bg's, and may

write, as an estimate of Yt'

A

Yt = Bl + Bzxzt +, LR +kakt (A.l.3)

Uy is not observed, but an estimate of u, 1is given by:

~

ét = (Y ,-Y. ) - this is the part of Y, 'unexplained' by the
regression equation. It may be shown (Johnston (1963))
that an unbiased estimate of o2 is given by:
2 - ) "len 2
s (n=k) "Ji., e -

Further, the variance-covariance matrix of the Bj is
-l -
g2 (X'X)" , and this is estimated as s?(X'X) - the dia-

gonal giving the variances.
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Thus g ~ N(B,o’(X'X)"). and so to test the hypothesis
Ho: Bj = 0 against the alternative hypothesis H,: Bj # O

the statistic

t = §j/asj applies.

o ——

(38 ) = /var(Bi) is the estimate of the standard error of Bj,

p|
and is obtained from s2(X'X)"').

By the Normality of B8, t has a t-distribution with

(n=-k) degrees of freedom.

A measure of the variation in the dependent variable

"explained" by a linear regression is given by:

n o3 n 3
Rz bl t.l(Y-Y) z/zt.l (Y-Y) 2

where Y=n )eug¥e-

R? 4is called the Coefficient of Multiple Determination,

and its square root, R, 1s called the Multiple Correlation
Coefficient.

As we add more and more xj's to a regression equation
as explanatory variables, R? automatically incieases al-
though the additional explanation brought about by the extra
xj's may be minimal and /or non-significant. In order to

compensate for this we may calculate R? "adjusted for

degrees of freedom" (Johnston (1963)),
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i.e. R =1 - (33 a-Rh).

Multiple Linear Regression is most conveniently under-
taken with the use of a computer package (such as the COMET
program used to obtain most of the results of Chapter 3).
Difficulties arise, however, when some or all of the assump-
tions (1) to (4) above break down. We shall discuss some
of these areas of difficulty, and ways which may be used in
detecting and overcoming them to some extent, in the follow-

ing two sections.

A.2  AUTOCORRELATION, GENERALISED LEAST SQUARES AND THE
DURBIN-WATSON STATISTIC

One of the crucial assumptions of the General Linear
Model (A.l.1l) that we have been discussing so far has been
that of zero covariance for the distrubance terms (assump-
tion (2)). This assumption breaks down if E(u.u,_.) # 0
(v s ¥ 0). Such a situation arises if the successive terms
u, exhibit "serial correlation" (i.e. E(u,u, ;) #0). 1In
this case the Ordinary Least Squares (OLS) formila (A.l.2)
will yield an unbiased estimate of B, but the variance-

covariance matrix for B will be incorrect.

Proof: (1) OLS <=> B = (X'X)~'X'¥
.. E(B) = (X'X)TX'XB + (X'X)"'X'E(u)
= 38

but (2) OLS <=> var(g) = ct’()('}()'l
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when in actual fact var(B) is, in this case,
E(f=g) (R=B) = o? (X'X) " X0ax(x'x) ™

if E(uu') = g2Q (A.2.1)

1If 0 (and o2) are known, a B.L.U.E. of B8 may be

constructed according to the theory of Generalised Least

Squares (GLS) (Johnston (1963), p 210), and is
b= (X'07'%) 7' X0y (A.2.2)

(b is also called "Aitken's estimator” after A.C. Aitken.)

In this case the variance-covariance matrix of b is

var(b) = o2 (x'Q"'x)"? (A.2.3)

and b, being a "best" estimator has smaller variance than

~

g above.

Autocorrelation usually arises when we omit (an) im-
portant explanatory variables from the regression equation.
It may also occur if the model is mis-specified or if the_.

data used is inappropriate or measured with error.

We are rarely given exact knowledge of Q and a2,
and usually construct a theoretical model of the autocorrela-
tion process and hence an estimate of ¢2Q. One such simple

model is that of first-order autocorrelation prbcess, i.e.

u =pu._; *+€ ., |ol <1 and e satisfies:

E(et) = 0
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,E(Etet+s) = 0€ s =0 },

It may be then shown that

2

) = pso v (02

E(u,u, o as above)

p 1is called the autocorrelation coefficient. (Johnston

(1963), pp. 244-246.)

Similarly we may define a second-order autocorrelation scheme

as

+ € K (A.2.4)

u, = piu £=2 £

t + Pa2u

t-1

and so on for higher-order processes.

If, for (A.1.1), we suspect a first-order process we

may test for it using the Durbin-Watson Statistic (DW)

(Durbin and Watson (1950, 1951))

n - 2
DW = L=y (egmery)

n 2
Le=1%t

where e, are the calculated residuals (see Section A.l).

It may be shown that DW 1lies between O and ¢4,

If DW < 2 we test for positive autocorrelation as
follows: looking at the table of the DW statistic at (say)
the 5% level and (say) n = 20, we are given two points, viz.
dL = 1,00 and dU = 1,68. If DW > 1,68 we reject the
hypothesis of positive lst order autocorrelation. If
DW < 1,00 we accept the hypothesis. If 1,00 < DW < 1,68
the test is indeterminate, (but see Durbin (1970) for a more

conclusive test). For a test of negative autocorrelation
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(bW > 2), compute 4 - DW and proceed as before. One must
remember that, in order for the test using DW to be
strictly valid, the model (A.l. ) must hold accurately to-
gether with the first-order assumption. Tests using DW

when lagged dependent variable are present as explanatory

variables (as well as other non-standard assumptions) have
been analysed and it was found (see Johnston (1963)) that

the test still works fairly well.

If we knew p of a first-order shceme we then have

o2Q = g2(1 p o2 . . . o™
p 1 p . N2

-1 -2 -3
Lpn R SRR | )

and_we may apply Aitken's estimator to find 5. We are
usually never given p, and resort to an iterative proce-
dure to estimate its value from the Least-squares residuals,
starting from an arbitrary initial value, estimating b, the

e and then another estimate of »p. A modified version

ul
of this is the Cochrane-Orcutt procedure (Cochrane and

Orcutt (1949)).

When second-order autocorrelation is suspected we re-

sort to a scanning technique to find values for the Py

(L1 =1,2,): A grid of (pi1,p2) values is specified and,
combining (A.l1.1) with A.2.4) we obtain:
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Yt = p‘Yt-l + ngt_z + B‘xlt + c.. + kakt
- pllel't_l = eee = Dlskxk't_l

Ordinary Least squares is then undertaken on (A.2.5) for each
of the (p:,p2) points, the data now being transformed as
(Yp = Pa¥ply = Pa¥ep)y (Kyy = PaXy g = P2Xy ¢p)e
i=1,...,k; t=23,...,n), and estimates of the B are
obtained. The DW test is then applied to the estimated
residuals, and the regression giving the DW statistic
closest to 2 is taken. This technique is also known as

the Hildreth-Lu Scanning method (Hildreth and Lu (1960)).

(See Grilliches and Rao (1969) for references to other tech-

niques.)

A.3  MULTICOLLINEARITY AND THE METHOD OF RIDGE REGRESSION

For Multiple Linear Regression to be correctly applied
to the system (A.1.1) we require that the rank of X (and
hence the rank of X'X) to equal k. If this is not so -
if condition (2) of Section A.l is violated - it will be im-

!, and thus B8 of (A.1.2) will

possible to obtain (X'X)"
not exist. A less eitreme but equally serious case of this
is that of near-perfect collinearity between two or more of
the X variables. Johnston (1963 p. 60) lists three con-

sequences of such a gituation, viz.
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‘ "1) The precision of estimation falls so that it becomes very
difficult, if not impossible to disentangle the relevant in-
fluences of the various X variables. This loss of pre-~
cision has three aspects: specific estimates may have large
errors; these errors may be highly correlated, one with |
another; and the sampling variances of the coefficients

will be very large.

2) Iavestigators are sometimes led to drop variables incorrectly
from an analysis because their coefficients are not signifi-
cantly different from zero, but the true situation may not be
that a variable has no effect but simply that the sample data

has not enabled us to pick it up.

3) Estimates of coefficients become very semsitive to particular
sets of sample data, and the addition of a few more obser-
vations can sometimes produce dramacic shifts in some of

the coefficients.”

The above three consequences are mainly a result of the
near-singularity of X'X. An extensive test for the presence
of multicollinearity has been proposed by Farrar and Glauber
k1967). This in essence calls for an examination of the co-
efficient of multiple determination, Ri,

gressed against the remaining (k-1) xj variables. It can

be immediately seen that such a procedure is time-consuming,

for each xi re-

and a very simple alternative would be to examine the corre-
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lation matrix of the X variables, which is usually a stand-
ard option on computer packages. "High" correlations (i.e.

those near to +l1) will suggest possible collinearities.

It is clear that a situation of multicollinearity
arises more often than not in econometric work, as we often
regfess together X variables that are lagged values of one
another, or interest rates that move closely, etc. The prob-

lem is: how to estimate in such a situation. A technique

recently proposed is that of Ridge Regression (Hoerl and
Kennard (1970)). This technique is based on the observation
that if B 4is given by (A.l.2) then

E[(8-8) ' (8=8)] = 03 (1/Ay) > o%/)y
where thé Ak are the ranked (largest to smallest) eigenvalues
of X'X. The further the vectors (columns) of X deviate

from orthogonality the smaller becomes A, and B may be ex-

pected to be further from 8. ‘Ridge estimation replaces E by

B* = [x'x + HIT'X'Y (A.3.1)

" where H is a diagonal matrix of non-negative constants

hi (i=1,...,p). Hoerl and Kennard suggest replacing H
with hIp, h > 0, and choosing an 'optimal' h Qalue by
visually inspecting the two=-dimensional plot of a*(h) (and
the residual sum of squares (n-k);’(h) against h for a
number of values of h in [0,1]. This gives the Ridge

Trace.

This technique works quite well in practice (Marquart
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and Snee (1975))*, but relies on the discretion of the in-
vestigator in visually choosing that h value he thinks
optimal. An éxplicit method for obtaining an "optimal®

value for the H Matrix (in the sense of minimum mean square
error for the corresponding E*) is given by Hemmerle (1975).
The argument used to derive this estimate is fairly complex
and readers are referred to Hemmerle's article. A program
has been written to obtain these explicit estimates by |
Patfick Wong Fung of the Department of Mathematical Statistics,

and this was used to obtain the results mentioned in Chapter 3.

A.4 LAG STRUCTURES : KOYCK AND ALMON METHODS

It is (economically) plausible to believe that the
effect of a change in an explanatory variable is not limited
to the period (day, week, month, etc.) in which it occurs,
but has repercussions - usually of a diminishing nature - in
several subsequent periods. This is good reason for in-
cluding lagged variables in the regression equation, for ex-

ample

s t-s t
Therevare{ however, two reasons for not estimating the above
equation as it stands, namely (l) the explanatory variables
are likely.ﬁo be hiéhly correlated with each other and the

problem of multicollinearity arises (see Section A.3), and

*and a program that produces estimates in this way has been written by
G. Barr of the Department of Mathematical Statistics - details
available on request.
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(2) s may be large and if we have only a limited amount of

data we lose out on degrees of freedom in estimating the 8;.

We may circumvent these two difficulties if we are pre-
pared to make some assumptions concerningbthe lag structure.
The Koyck Lag (Koyck (1954)) assumes that the Bi decline

geometrically in the model

t
i.e. B1 = B(l-A)Ai, where B8 and A are constants, and

0 < A < 1. Rewriting (A.4.2) we obtain

= - 2
Y, = B(1-0) [X #AX,_(+A2X o+ ...] + u (A.4.3)

t-1 t
Doing the same for Y, _,, mltiplying by A, and then sub-

tracting the resulting expression from (A.4.3) we get

Y, = (1-2) X, + AYt-l + v (A.4.4)

(Note: similar forms are obtained for certain Stock Adjust-
‘ment and Adaptive Expectations models - Johnston (1963)
pp. 300-303.)

(A.4.4) may now, it appears, be estimated in OLS fashion.
Care must, however, be exercised because (a) the v, are
not serially uncorrelated even if the u, were
(v, = u. = pu,_,), (b) the Durbin-Watson test for autocorre-
lation (Section A.3) will be biased by the presence of a
t-i)‘ (¢) Y. _,, an explanatory
variable, will be'co;related with v, (Yt-l is correlated

lagged dependent variable (Y

with u _,).
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A somewhat more satisfactory procedure is that of

Almon Lags (Almon (1965)) which makes use of the assumption

that the lag structure may be approximated by a polynomial

of degree r, and the lag éoefficients may then be indirectly
estimated by Lagrangian Polynomial Interpolation. This
method tends to be fairly computationally burdensome and a'
simplified procedure given by Johnston (1963) is outlined

below:

Suppose that we are asked to estimate equation (A.4.1).

We suppose that the B8o,81,...,85 look something like:

o 1 s-1l s >;
This suggests approximating the Bi's by a smooth curve
£(z) (shown). Note that £(z) = 8,, (z=0,.,...,8).
£(z) may, in turn, be approximated by a polynomial of degree
r in 2z,

i.e. £(z) =~ ag +.212Z + ... + arzr (A.4.5)

(this follows from a mathematical theorem by Weierstrass
which states thét a}continuous function on a closed interval
may be approximated over the interval by a polynomial of
suitable degree (Dugundji (1970)). The higher is r the

more accurate is the approximation; we choose r < s to
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save on degrees of freedom. For example, let r =3, s =7,
then

Bo = £(0) = ag

Br = £(1) = ap + a1 + a; + as

B2 = £(2) = ap + 2a, + 4a,; + 8a; (A.4.6)

é'l z f{(z) = ag + 7a; + 49a; + 343a;

Substituting these Bi approximations into the (A.4.1) we

obtain:
Y, = ao(xy Xt X ot e X )
+ U (A.4.7)

This is a simple three-explanatory-variable linear equation,
and we may perform OLS on it to estimate a; (1 =0,1,2,3),
which are then substituted into (A.4.6) to obtain Ei

(L =0,1,...,7), the Almon Lag B8 estimates.

Besides having saved on degrees of freedom we also
assume-that the explanatory variables in (A.4.7), being
different linear combinations of the Xt—j’ (; =0,1,...,7),
are less highly collinear than the xt_j are between them-
selves. In this way the problem of multicollinearity is

seen to be reduced.

The Almon technigue may be easily extended to any number

of explanatory variables in a single equation. A computer
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package edited by the author is available for this type of

analysis (see Appéndix D).

A.5 TESTS ON STRUCTURAL STABILITY: THE 'CHOW' TEST

In econometric regression analysis we often wish to
divide the data series into two parts and then test a given
model (A.l.l) to determine whether or not there has been a
significant change in the set of 8 coefficients between the

two periods, that is, we wish to test for a structural shift

in the underlying workings of the model. Such a test has
been proposed by Chow (1960), although his deviation is quite
complex. A simpler exposition resulting in the same tests
has been giVen by Fischer (1970), and our notes follow his

method.

(a) TESTS OF EQUALITY OF THE FULL SET OF REGRESSION CO-
EFFICIENTS IN TWO REGRESSIONS WHEN THERE ARE ALWAYS
POSITIVE DEGREES OF FREEDOM

We have two samples with T; and T; observations
respectively. Our model is
Yi = xiBi + uy (i=1,2)

(ui distributed as u£ in Section A.l, etc.), and we wish
to test H: B, = B:. To do this write the two regressions

together as:
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Y = {Y, = [X; 0 } Bi] + [ui}s X*8 + u

le ) le

B2 u;

Restricting B8: to equal B: gives the model:

Y= {X)]B8; + usz XB; + u.
X1

Let the number of parameters (B's) to be estimated be k,

and assume T; > k < T;. Observing that:

X = X*I1], define
I

M=1I-X(x'x)""}

X', M* = I = X% (X*'X*) x*' ,
and let v = My, Vv* = M*u, then it may be shown

(Fisher (1970) Lemmas 2.2 and 2.3) that the statistic

(v'v=v*'v*) /k

P o Ty (T 14T, =2K)

'is distributed as an F(k,T:+72-2k). In other words the
difference (adjusted for degrees of freedom) between the sum
of squares of the calculated residuals fqr the restricted
model (i.e. v'v) and the unrestricted model (i.e. v*'v*)
divided by the sum of squares of the unrestricted model
(also adjusted for degrees of freedom) has an F distribu-

tion, and may be used to test H.

(b) TESTS OF EQUALITY OF THE FULL SET OF REGRESSION CO-
EFFICIENTS IN TWO REGRESSIONS WHEN DEGREES OF
FREEDOM ARE INADEQUATE

This is the same problem as that of (a), except that
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T, <k. Let v be asg ahove, and let
vi = (I=X (X'%) "'%Dw = M.

Writing M* = (M; o] and v* = lux , equivalent results

o O© 0
to the above follow, and

(v'v-v*'v*)/?z
F = GF79% /(T -K)

has an F(T2,Ti1~k) distribution, and we may then test

H: g1 = Bz‘ as before.

A.6  TWO-STAGE LEAST SQUARES REGRESSION

In all of the above five sections we have been consider-
ing a model consisting of the single equation (A.l.1). A

more informative system is that of G Simultaneous linear

equationgs of the form (Goldberger (1964))
Ty + Bx = u | (A.6.1)

where y 'is a (Gxl) vector of endogenous variables, x
is a (Kxl) vector of exogenous and lagged endognous

(i.e. predetermined) variables, u is a (1xM) matrix of

unobserved’distrnbances, ' is a (GxG) matrix of the co-

efficients of the jointly dependent variables (y), and B

is a (KxM) coefficient matrix for the predetermined variables.
If we have n contemporanecus observations on the G y's

and M x's we may rewrite (A.6.1) as
Yl + XB = U (A.6.2)

where Y is now the (nxG) matrix of the n (vector) ob-
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servations on y, and B is the (nxM) matrix of corres-
ponding observations on Xx. U 4is an (nxG) matrix of
errors. Our task is to estimate I and B.

th

Consider now only the jJ equation of (A.6.l1l), which

may be written as
Yy = zjcj + uy (A.6.3)

where Zj = [Yj : Xj] is an (nXNj) matrix of n observa-
tions on all endogenous and predetermined variables that
appear in the jth equation besides yj, and 63 = 55:65]
is the (Nle) vector of parameters that appear in the jth
equation (implicitly, we have normalised the jth equation by
setting the coefficient of Y5 (viz. ij) equal to 1).

Leaving aside for the moment problems of identification (see

Appendix B), we assume that (A.6.3) is estimable, the Two-

Stage-Least-Squares method (TSLS) proceeds as follows:
] ] + ] .6. .
X'yy = X'2485 + X'uy (A.6.4)

Applying Aitken's method (GLS - see A.2) we obtain an esti-

mate of Gj as

3
(here, Q= E[x-uju5x1 = 0., (X'X)) .

) -1 -1,, ’ =1y
dj [sz(X'X) X'Zj] ZIX(X'X) X Yy

JJ

Note that Aitken's method is not fully applicable because
the x'zj matrix contains random (i.e. y) elements. It can
" be shown, however, (Theil (1971)) that the dj estimator

is asymptotically unbiased with the (asymptotic) covariance

matrix
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) =lyy -1
Sjj[zj X(X'X) X Zj]

For a comparison of the TSLS method with that of Instrumental

variables, and also for an alternative (Two-Stage) derivation

of dj, see Theil (1971).

A further, simultaneous, method - that of Three-Stage-

Least-Squares Egtimation - is not here discussed. For

details see Zellner and Theil (1962).

A.7  FULL INFORMATION MAXIMUM LIKELIHOOD ESTIMATION (FIML)

The F.I.M.L. method, originally introduced by Koopmans
(Hood and Koopmans (1953)), is a way of estimating the para-
meter matrices of the model (A.6.2). Considering* the G

linear equations (A.6.3), we stack the yj, 8 and u.,

3 J
and, writing diag(z,,zz,...,ZG) as 2 (i.e. a "diagonal"

matrix with the zj matrices down the diagonal) we may set

y =286 +u (A.7.1)

(where y' = (yx.yz,...,yc)', etc.). The following
assumptions then apply:

(a) Each equation is identified (Appendix B) by virtue of
the a priori restrictions on the matrices T' and B
(of (A.6.2)).

* This discussion is taken largely from Rothenberg and Leenders (1964).
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' =1y, -1
sj‘j[zj X(X'X) ‘X zjl

For a comparison of the TSLS method with that of Instrumental

Variables, and also for an alternative (Two-Stage) derivation

of dj, see Theil (1971).

A further, simultaneocus, method - that of Three-Stage-

Least-Squares Estimation - is not here discussed. For
details see Zellner and Theil (1962).

A.7  FULL INFORMATION MAXIMUM LIKELIHOOD ESTIMATION (FIML)

The F.I.M.L. method, originally introduced by Koopmans
(Hood and Koopmans (1953)), is a way of estimating the para-
meter matrices of the model (A.6.2). Considering* the G

linear equations (A.6.3), we stack the Yye 8 and u.,

3 J
and, writing diag(Z,,Zg,...,ZG) as 2 (i.e. a "diagonal"

matrix with the zj matrices down the diagonal) we may set
y =28 +u (A.7.1)

(where y' = (y;.yz,...,yG)', etc.). The following
assumptions then apply:

(a) Each equation is identified (Appendix B) by virtue of
the a priori restrictions on the matrices T' and B
(of (A.6.2)).

* This discussion is taken largely from Rothenberg and Leenders (1964).
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(b) (1) plim* (lln)x'uj = 0
(i1) plim (l./n)z‘zj < ® vi,ji
(1i4) rank (X) = M, rank (2) = N where N = {?_1 N,

(e) ﬁ is Normally distributed with
E(u) =0, E(uu') =¥ eZoI
(6 1is the Kronecker product, I is a positive definite
matrix; the nonsingularity of I implies that the model

contains no identities; this may however be generalised.)

It then follows that the joint density of the Gn distur-

bances is:
£(u) = (Zﬂ)'kcndet-kvexp{-kn'v-lu} (A.7.2)

The Logarithmic Likelihood function is then
1

L(u,¥) = n log £(u)
S K+ f% log det ¥~' - f% u'y (A.7.3)

Trangforming from u to y (with Jacobian
v aui n
J = det 5;; = det” I') obtain:
L(y.¥,8,2) = k + log|det I| + 3= log det ¥~'

=~ 5 (y=26)'¥"" (y-26) C(R.7.4)

*If lim Prob{lYn-cl >¢c}l =0 for any € > 0 where Y  is a sequence
n-we

of random variables posessing distribution functions, and ¢ is a constant,

then we say plim Yn = ¢ (Theil (1971))Q
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To obtain Maximum Likelihood estimates, first differentiate
(A.7.4) with respect to z“. obtaining

%I.‘r = &L - 5 (y=36) ' (y=25).
N , |

Thus at the maximum
I = % (y=24) '(y=26) = 8 must hold.

Substituting $ into L (Rothenberg and Leenders (1964),

equation 3.4)
L* = k' + log|det I'| - & log det S

L* 4is called the "concentrated likelihood function."

Let p(§) =

9 log l|det T|
LY

o -1 2 _log det S
q(§) k =3

Then the estimating equations are

p{s) + qg(§) = 0, which are nonlinear in § and
cannot be easily solved. Durban (19** has proposed a simpler,
iterative method for computing the FIML estimates, and which
allows for the inclusion of identities in the system. A

Newton=-Raphson (A.8) procedure is used.

Sargan (1964) has shown that for the FIML estimator
" given above, if I is unrestricted the estimates differ from
the Three-sStage estimates of Zellner and Theil (see A.6) by

order (1/n)*.

*Mann and Wald (1943) define the order symbol Op as follows: Xp = op

(£(T)) if 3 BE >0 for each & > 0 such that
Px ] ce £(MN>1-e VT,

- kdMaximum Likelihood estimation of the parameters of a system of simul-
taneous regression equations, (unpublished).
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It is also shown (Rothenberg and Leenders (1964)) that
if 2 contains current endogenous variables then the FIML
" estimator is efficient (in the sense of being "less positive
definite") compared to the Three-Stage estimate in the pre-

sence of restrictions on .

A.8 THE NEWTON-RAPHSON ITERATIVE PROCEDURE

Let f£f{(x) be a continuous function - called the

“objective function" -~ with x a vector of length n. The

(nonlinear) problem can be stated as: Minimise £(x),

x € R®, subject to m linear and/or nonlinear equality con-
straints hj(x) =0, (j= 1,.;.,m), and (p-m) linear and/
or nonlinear inequality constraints gi(x) > 0,

(i = m+l,...,p).*

Let Vf(xk) g rﬁﬁi&fl\ i.e the gradient of £(x)
- X, * =

af(xk)
L 9X

n s

evaluated at the point xk.

Newton's method involves the approximation of £(x) by neg-
leéting the third- and higher-order terms in the Taylor series

expanéion, i.e.

* For details consult Himmelblau (1972). 1In what follows we ignore
constraints.
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£(x) = £(xX) + V1 £(x5) (x-xK)
+ K (x-x%) V2 £ (x®) (x=x%) (A.8.1)
(V3£ (x) is called the Hessian matrix of £(x) ).

Replacing (x-xk) in (A.8.1) by

k+1_

ka = (x xk), we obtain

k+1

£(xETY) = £(xX) + vre(xX)ax®

+ %(Axk)'vzf(xk)(Axk) (A.8.2)

Differentiating f£(x) with respect to each of the components

of A4x and equating the resulting expressions to zero, gives

4

ax® = —pv2g(xX) )7 ve (x5

which follows from the rules:

(1) <= (x'Ax) = 2Ax (Anderson (1958) p. 347)
(2) g% Y'x = y (may be directly verified)
k+1

Thus x = xk -[V’f(xk)]°‘Vf(xk) gives an iteration pro-
}cedure which may be followed until some termination criterion

i8 achieved.
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APPENDIX B

IDENTIFICATION

It is not the purpose of this Appendix to define "Iden-
tification," or to give a general discussion of the Identifi-
cation Problem. A good reference for the case of linear
model identification is Johnston (1972). We consider a
particular model - that of Chapter 3 -~ and show that it is
identified.

The model is (excluding the identity):

1. it =g ,r,, 1-1%_)

2. R= £(R_,,(1-1%)_))

3. NDA = £(R, gg_,,(1-1%))

4. MS = £(i, Y_,, (R+NDA))

This may be written in log-linear form under the assumption
of constant elasticities (Section 3.3). The problem arises
in equation 4, since 1log (R*NDA) 4is a nonlinear function
of the variables R and NDA. Equations 1 and 2 cause no
problems as they are both identified, being in :eﬁuced form
(Goldbexrger (1964) p 311)).

The log-linear form is:
A g(x) =u

where A is MxN' and q(x) is N'xl:
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x' = (% R, NDA, MS * i_,, R_,,....,Y_,, 1)
< M- > < A >

q'(x) = (Ln,it,an,Zn NDA,%n MS,&n (R+NDA) . 4n iEl,...,lnY,l,e)
< —M° — > < A° >

Fischer (1966) has shown that an equation in such a

model is identified if and only if:
rank (A*¢) = M*-]1

where ¢ is a known, constant matrix of prior restrictions
(e.g. exclusion restrictions) on the equation, and A¥* is

the M*xN matrix of A augmented by the M*-M constant

e
vectors h’,hz,...,hM M, i.e:
A* = (A )
hl
x w
Ll

where h' can be taken to lie in the row kernel of Q'(x),
the Jacobian matrix of q(x) with rows corresponding to
elements of x, (and where we have excluded from h' the
trivial vector (0,0,...,0,a) which arises from the fact

that the last row of Q'(x) is (0,...,0)).

In the present case we have (excluding the last row

of zeroes; RN = R+NDA):
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Q& = [i*'0 o 0o o0 o0 o 0 o o© o o
o R o o 0 o0 O 0 0 o o o
0 o NATO 0 0 O 0 0 o 0o o
o o 0o Mo o0 0O 0 0 o o o
o mw'o 0 0 o ) o o o o
© 0 0 0 ij0 O 0 o o 0 o
© 0 0 0 o0 R,O 0 0o o 0o o
06 0 0 0 o0 o0 (i-i®o o o o o0
© 0 0 0 o0 0 o0 (-2, 0 o 0 o
0o 0 0 0 o0 0 O 0 g, 0 o o
0 0 0 o0 ©0 0 O 0 o (i-iHto o
0o 0 0 0 O0 0 O 0 o o ito
0 0o o o o 0 0 0 0 o 0o Y

Considering hQ'(x), h = (h;,...,h;s), we see that:
et
h,*i®* = 0, » h, =0

Similarly: hy = ... = h;3y =0
and h2/R + hs/RN = O }
hy/NDA + hs/RN = O

‘this implies: ha + hsR/RN = O }
hsy + hsNDA/RN = O

If RN (= R+NDA) remained a constant, k (say), then
h, = -khs, but this impossible because if, in the model, we
vary gy., then NDA will vary whereas R remains cdnstant;
hence hz = O = hs, and thus h; = O also. This gives:
h = (0,...,0).
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So A* = |A s M* = M+l, and we must show that

h
rank (A¢) = M* -1, Writing the model as:

By + 'x = u
withs
B = (Bij) (L =11,...,47 J =1,...,5)
T'= (v),) (k = 1,...,4; 2 =1,...,9)

(vyy, constant v k),

where y 1is a vector of length M?® consisting of the first
M? elements of g(x) and x the vector of length A° of
the last A° elements of q(x), we find, for equation 3,
that:
(A%$3) = [B1a 0 0 vi1 Y1z M3 0 o o ]
0 0O 0 O 0 0 Y2 O 0

B 0 o0 O 0 0 0 0 0

(Buz Buw O O o 0 0 Y7 Yus |

Thus: rank (A*¢;) = 4 = M*~], which implies that equation 3
is identified.

Similarly, for equation 4 rank (A*¢,;) = 4.
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APPENDIX C

THE DATA

Unless otherwise stated, the following data series are

taken from the South African Reserve Bank Quarterly Bulletins

(SARBQB), and their supplements. All index series have

1965 as base, and all monetary aggregates are expressed in

Rand millions.

(a) DATA SERIES USED IN CHAPTER THREE¥®

l.

Money Base (MB) : obtained by considering the Reserve Bank
balance sheet Liabilities and excluding all Government and
Provincial Administration deposits, Capital and Reserves,
and "Other" Liabilities, and "Foreign Loans" (as they will
be reflected in Reserves).

Foreign Reserves (R) : Total gold and foreign reserves of
the Reserve Bank.

Net Domestic Assets (NDA) : Calculated as a residual
(MB-R) : (this follows the model identity).

Money Supply (MS) : Total Money and Near Money.

"Target" Interest Rate (it) : Two rates were tried:

(a) a long-term (L.T.) rate, viz. Long Term S.A. govern-
ment stock rate,

(b) a short-term (S.T.) rate : the Treasury Bill rate.

* Monthly data was used in estimating the models of Chapter Three
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"Free Market" Rate (i) : as in 5. above:
(a) (L.T.) : Rate on new issues of Company Debentures.
(b) (S.T.) : The Negotiable Certificate of Deposits (NCD).

*Poreign" Interest Rate (i.e.) : as in 5. and 6. :
(a) (L.T.) : Long-Term British government stock rate.
(b) (S.T.) : Euro-Dollar Rate (Source of (a) and
(b) : International Monetary Fund, "International
Financial Statistics."

Econamic Activity (Y) : Two indicators were tried:

(a) "Electric Current Generated" (SARBOB 1965 = 100
deseasonalised). ’ '

(b) Gross Domestic Product (GDP) at Market Prices (non-
seasonally adjusted).

Government Deficit (gd) : We define "true government de-
ficit" to equal the difference between government issues
and the sum of government borrowing and government tax
receipts.

In order to estimate the size of current government borrow-
ing it was necessary to consider the change in the total

~ holdings of government debt by

1. Permanent Building Societies,

2. Insurers (Long and Short Term)

3. Private Pension and Provident Funds

4. Banks (Commercial, Merchant and Hire Purchase), as well
as by the Public Debt Commissioners and the Loan Levy
Account. )

For Permanent Building Societies we took (total) govern?
ment borrowing equal to "Total Prescribed investments
less Coin, Banknotes and Money at Call” ;

For the Insurers, (we aggregate the Long and Short term .
Insurers), total government borrowing is taken as equal
to "Government Stock + Local Authority Stock + Public
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Corporation Stock + (approximated) Loans to Local
Authorities" (where the last-named amount is assumed
equal to k¥ of "Other lLoans").

Pension Funds holdings are taken equal to "Government
Stock + Local Authority Stock + Public Corporation

Stock + Loans to Local Authorities and to Public Corpor-
ations." For Unit trusts, take " (Total) Approved
Securities."

In the Banking Sector, we take Commercial Bank holdings
equal to ("Total other Prescribed Investments," less
NCD's, plus "Other", plus "Treasury Bills, Bills and
Advances to the Land Bank, Short-Term government stock
and Short-Term debentures of the Land Bank") (up to
October 1972, thereafter "Prescribed Investments ex-
cluding Liquid Assets").

Merchant Bank holdings are assumed equal to "Reserve
Bank Balances" plus "S.T. government stock" plus

"Other" liquid assets plus "Other" liquid assets plus
(after October 1972) "Other" prescribed investments."

Hire-Purchase, Savings and General Banks holaings
assumed equal to "Reserve Bank Balances" plus "S.T.
government stock" plus "S.T. Land Bank debentures" plus
"Other government stock" plus "Local Authority and
Public Corporation Stock."

Notes:

l. With respect to monetary banking institutions, after
October 1972 "Liquid Assets" were not included with
"Prescribed Investments."

2. We have excluded the Discount Houses in the above con-

sideration in view of their purely intermediary role
between financial institutions.
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+
(b)  DATA SERIES USED IN CHAPTER FIVE *

(mgo, Mo, Cos Xo are constants)

1. P = (Total) Wholesale Price Index (Seasonally Adjusted;
1963 = 100)

2. MS = (Total) Money and Near Money
3. Y = G.D.P. (at Market Prices) deflated by P

4. = Treasury Bill Rate

5. P = (Laspeyres) Export Price Index for Industrial Coun-
tries (1963 = 1,0) (Source: IMF International Finan-
cial Statistics)

6. X = Exports deflated by P (including Re-exporfs and Gold
Sales) (Source: S.A. Financial Mail)

7; t = time trend

8. K. = Cumulated changes in the Capital Account (net of
changes in Government Foreign Loans)

9. TP = Total Bank (excluding Reserve Bank) Loans to the
Private Sector

10. i® = United States Treasury Bill Rate (Sburce: IMF
International Financial Statistics)

1l. EXR = Excess Liquid Assets of Commercail Banks (i.e.
Actual-Required)

12. NDA = Net Domestic Assets (calculated as MB-RG)

13. TRG = Total Bank Credit/Gross Reserves

14. MB = The Money Base (Notes and Coin in Circulation plus
Commercial Bank Deposits at the R.B. (excluding.
“Other Assets")) .

15, RG = "Gross Reserves" (total gold and foreign reserves
of the Reserve Bank

l6. FLL = Foreign Borrowing (including SDR position) of the
Reserve Bank :

+ I should like to thank Mr. J. Affleck-Graves of the Department of Mathe-
matical Statistics, University of Cape Town, for making available his
series for imports and exports.

®* Quarterly data, usually obtained by either cumulating or averaging
monthly data was used. ‘ -
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17. TBC = Total Bank Credit (calculated as TP + TGL)

+ 18. TGL = Total Bank Loans to the Government (excluding
Reserve Bank Lending)

19. M = Imports

20. DKG = "Gross Capital Inflow" (Private plus Government
Foreign Borrowing)

(c) DATA LISTINGS

The following symbols apply for the data series given

under (a) above:

MS : Money Supply
MB : Money Base
R ¢ Foreign Reserves

ELEC ¢ (or E) : Electricity Consumption )

Y ¢ (or y) : Gross Domestic Product at Market Prices

NCD ¢ (or i) : 90 day Negotiable Certificate of Deposit Rate
TBR : (orxr it): Treasury Bill Rate

ED : (or i®): Eurodollar Rate

LTSA : (it in LT Results) : Long-Term S.A. Bond Rate

LTUK : (i€ in LT Results) : Long~-Term U.K. Bond Rate

COYDEB : (i in LT Results) : South Africa Company Debenture Rate
GO : Government Issues

TO : Government (Tax) Receipts

TG : Total Government Borrowing L

TC : Total Captive Market (not used in present analysis)
PDCLL : Public Debt Commissioners and Loan Levy Accounts

GDEF : (gd) : Government Deficit
(Note : Zeroes are inserted where figures were not available.)

Symbols used for the quarterly data correspond to those given
in (b) above.
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11 1691 859.0 2146,0 207.7 1400,
128852, 886,10 936,0 214,3 1400,
1923 14759 B82,0 984,40 215,2 1400,
2 4193, 840,0 993,80 212.2 1400, —
k) 5042, R47.0 1083, 220,58 1480,
8 5272, 887.0 1138, 223,4% ‘1480,
5 53569, 688, 0 1195, 220.1 1530,
b SHA6, 33,0 1196, 216,5 1560,
7__ 5S4z, 9233.0 1268, 223,0 1590,
8__ 5558 950,0 1176, 2252 1630,
Y LI 1005, 1030, 2269 1660,
10 5654, 99BN, 0 1066, 227,1 1690,
1l 5725, 1L90, 924,C 229.9 1700,
12 5983, 1058, 796.0 2287 1708,
1974 1 5884, 1027, . 772.0 232,85 1700,
2 _4nana, 1né}, 435.0 232.8 1700,
3__b1ml, L1ub, 923,0 236,7 1760,

) A 6191, 1695, 820.0 240.2 1820,
b 6391, 1090, ang.o 236.6 1870,
66497, 1122, 777.0 241,8 xavo;
76501, 1119, 784.0 2492, 1910,
& b4, 1152, 729.0 248,32 1930,
9 6457, 1218, 737.0 254.3 1960,




W
10 S81S 11729, 254.,.0 L2456 1290, —
O W | 7444 128D Dl7.u 2",?.&2,_“______.20001
12 2312 228,4 249,10 2000,

1241




JALLE

Hew Tor EC 1.TSA LTUK CoYDEn
1965 3 .N020 3.0 .00%0 5,000 6,280 6,500
2 .00230 d.930 , 0000 5,000 6,300 6.500 D
3 NG RIY 3, %40 . 0000 5.250 6,320 6,500 -
4 L0030 3. 200 ,0000 $,250 6,440 = &.n00
5 ,0000 ° 3.900 .0003 5,500 6,570 §.500 T
6 L,96QU 3,930 .0000 5.500 6,850 $.5C0
7 .000u 4.190 0000 §.500 5,670 77060
a ,0030 4,250 .0000 6.000 6,540 7.000
¢ .0000 4,240 .0000 4.000 6.240 7250
10,003y 4,170 ,0000 6.600 6,260 7. 250
i1 .06000 7170 5550 47000 —%.370 77750
12,0020 4,260 .0000 6,000 &, %40 7,250
1906 1 .002n 4,930 , 0000 6,600  &.%40 7250
Z  .00Gn 92360 TBCo0 #0060 $ 500 T250
3 .0000 4,340 . 0000 6,000 5,550 7250
[ ,0030 4,100 ,0000 6,000 6,690 72250
5 .0000 N.120 .6000 6,600 © &.750 — 7.250
6 .Guau 3, 84¢C ., 5000 &§.600 Z.900 7750
7 ,06a0 4,080 '.ocoo §.500 7.040 T 500
3 .003u. 4,080 . 03060 ‘ 6.500 7170 7500
. ¢ .0030 %. 250 . 0000 $.500 7120 7500
16 L0000 V.16 L6000 $.500 5,900 7500 --
1 L009¢ §.260 .0n0n 6,509 6.780 7,500
12 NEN) $.5460 ' « 0000 4,500 $. 780 7.500 :
1967 [ 0Ly 4,810 ,0530 6.500 5,610 7500 -
2 .0020 4,840 . 0000 5.500 9 I B P 1| ——

3 + 0430 $.000 0000 ~ &,4500 6,390 8,000




Y geau 4,764 _200on 6,500 6,340 8,000
S DLUY 1..820 0000 6,500 6,510 8,000
4 ouan 4,940 LG4 6,500 b,680 8,250
2 _.000n 4,970 ANOR0 6,500 6,870 8,250 R
) L0030 4, 75( 20000 6,500 6,800 8.250 e
9 LU 4,820 L0800 6,500 6,790 8,500 .
115 L0000 4,800 469‘0;) 6,500 6,870 8,500
11 D033 4,960 20000 6,500 7.020 8.500 .
12___..00310 34 A KA 0000 6,500 7,130 3,500
198 1 ,604) 5.000 620 6,500 7,130 8.500 B
2 0nag 50541 0000 6,500 7,180 8..500
a 0caa £.080 L0000 6,500 7.240 8.500
4 . 0020 5,030 .0000 6,500 7,180 8,500
s DO 4,850 L0000 6,%00 7.260 8,560
& n0aa 4,780 L0000 6,500 7,460 8.500
7 .003C 4,840 _, 0000 6,500 7.550 8.500
8,000y 4,590 ,00O0Y 6.500 7.440 8.500
9 0000 %,500 » 0000 6,500 7.430 8,500
_ 10,003 4,574 . 0000 6,500 7,440 8.500
11 L0003 4,740 .000u 6,500 7.630 8.500
12,0036 4,460 .0000 6,500 7.990 8.500
1949 1 L0030 4,690 L0000 6,500 8,240 8.500
2 ,0030 4.680 » 0000 6,500 8.560 8.500
3 20030 ) “.68‘0 . 0000 4,500 8,6560 8.500
. 4 0030 4,660 ,0000 4.500 8.780 '8,500
5 0024 4,680 . 0udd 6,500 9,030 3.500
6,003 4,690 . +8203 6.500 9,450 8.500-
7,060 4,740 .0C00 4,500 9.060 8,500 .
8 L0030 4,640 .0000 6.500 ?.180 8,500
9 .0033 4,600 .0000 6,500 9,220 8.750




0 Lo02) 4. 900G pcog 62500 82,7460 3,750 —
14 LYY T9 4 .12 npso & .50:0 3,290 8,750
12 2440 4,234 0000 64500 £,940 .500
1020 1 e 2002 4, 304 9,420 6,500 2,820 8,500
Ry L G 4,440 2.420 4£..500 8,531 8,500
a L0024 8.440 9,420 _6.500 .8.690 9.400
4 LCLAD 4,400 8,359 6,500 8,810 ?.530
S .. 0000 9,380 8,350 7.000 9.370 9.500 N
b 0000 4.340 9.400 7.000 9.510 9.500
7 ___.00090 4,340 8,690 7.000 9,270 9,809 _
§__ 0003 4,340 8,160 7.750 9,180 9,800
9 U2 4,360 8.050 7.750 9,390 9.750
10,0009 4,480 7.940 7.750 9,290 9.750
11 7,450 4,460 7,170 7.750 9.780 10,00
127,900 4,530 7,290 7.750 9.690 10.00
1971 18,600 4,640 5,930 7.750 9,510 10,25
| 2 8,404 N800 5,430 7.750 9,330 10,25
3 9.05% 5.040 5,100 7.750 9.070 10,25
4 8,030 $.510 5,950 7.750 9.070 16,25
& 8,009 5,520 7,080 7.750 9.030 10,25
4 7,850 $.510 7.160 7.750 9.080 10,28
77,900 5,480 . 6,460 7.750 8,840 10,00
8 5,880 5.420 A,210 7.750 8,820 10,00
9 __6.2235 5,540 8.460 7.750 8,450 10,00
10 8,030 5.600 6,600 7.750 3,230 10.25 -
11 8,353 5,770 64280 7.750 8,070 10,25
12 8,724 S, v60 6,110 8.500 8,069 10,25
1972 | 8.45) 5,953 6,370 8.500 7,820 10.25
2 7,754 5,940 5,150 8.500 7.790 10,25
A 98,320 5,94 5 8,500 8,030 10,25




4 6,503 5.620 5,270 8,509 8,120 10,25
L 6.50u 5..558 4820 8,500 .. B.,440 10,25
b b b5 5,030 5,040 f,500 9.040 10,25 .
7 &.230 6.320 . 5,580 8,500 8,970 9,500
B 5,000 4,506 6.4920 0,500 9,140 9.500
9 _s.450 4,960 . 420 8,500 9,330 9,500
A0 5. 100 4,920 5,000 8,502 9,260 84500
14 6,304 4,840 5.720 8,500 9,450 9,500 -
12 §.8%) 4,380 6,040 8,130 9,620 9,500
1923 1 S5.A00 8,260 &.120 8,130 9,680 9,500
26,000 4,280 7,450 8,130 9.750 9,500
36,000 4,190 8,500 8,130 10,13 9.500
4 4,500 3.349 8,160 8.130 10,03 9.380
5 4,000 2,840 8,430 3,130 10,12 9.380
b 4,500 2.64D 8,810 8,120 19,15 9.250
73,600 2,580 10,37 8,130 10,60 9.250
B 5,320 2,440 11,46 8,130 11.30 9.130 |
9__ 4,750 2.650 11,13 8,130 11,585 9.200
10 6,630 2,760 9.930 8.130 11,28 9.250
11 7.790 2,90 2,820 8,130 12,00 9.250
12 8.000 3,280 10.63 8.000 12,50 9,500
1974 "1 9,09 4,600 9,370 8,250 12,89 9.750
2 9.250 4,740 4,532 8,250 13,50 9.750
3 9.000° §,0820 9.230 8.250 13,46 9.750
4 10,0 4,620 16,53 8.250 14,21 9.750
5 9,750 4,820 11,47 8.250 13,80 9.750
6 xn;nc 5,750 12,11 3.500 14,38 11.20
7 12,50 5,840 13,49 9,250 14,88 11,75 )
8 14,28 6.360 13,56 9.750 14,95 11.75
9 12.2% 5,100 12,34 9,759 15,48 13.25




14 14,75 4,000 10,43 9,750 15,048 13.25
11 11.25 S, 00410 10,43 2,750 16,725 13,25
12 11,10 5. 920 10,31 9.509 17,18 13.25




. N o

G0 Yo T4 TC POCLL GOEF
1965 11189 102.3 1694, 919.0 28,50 ,0000 "
2 uv,90 130.a 1696, 919.0 -15,10 ~25,80
3 2%0.L 112.2 1696, 919.0 131.2 47.10
4 95,5y 76.50 1533, 927.0 , 0000 185.3
5 94,1y 25,10 1536, 934, 0 pooo =rVioe T
6 11l.Y 81.90 1553, 976.0 .0000 12,90
7 133.5 121.2 1579, 966.0 12,90 <26.10
¥ 135.2 142.2 1517, 969.0 -10.40 65,60
9 136.1 108.1 1521, 950.0 STe.to T T Tasvo T T
13 13G.0 90.40 1556, 1124, 9,700 24,350
it 161.3 106.5 1608, 957.0  22.20  <21.69
12 1l16.1 110.0 1676, fate, .100G+00 ~42,90
1966 I 134.4 117.4 1754, 989,0  17.60 =36, 60
2 106.3 11143 1653, 1001, -16,80 52.90
3 222.7 140.2 1776, 1004, 32,19 =73.00
4 110.4 1,40 1773, 9990 7,800 BYT 3
5 119.1 s 1608, 1115, 8,70 e VY
o 139.% (067 1894, 1051, 12740 SEY 20
7 164.4 30923, 1037, T9.20  =23.3U
PR T ) PR 19715, TO91,—  &.¥00 67100
9 149.0 1176 17ea6, Y072, 5. 200 T=2Z267T0
10 142.,3 ?5.00Q 1990, 1073, . o000 23570
11 123, 4 1246 2043, 1078, %730 S75740
R A Y S R AR R T127, T3.560 YTV
1947 1 142.5 - 152.7 2114, 1115, 12,00 =TS, Y0
2 10441 124.2 2096, 11286, 13,40 15510

3 322.3 156.9 2165, 1135, 77,20 §8,80




412443 89,9y 2093, LIS, 22,40 A4,40

A & J 2 1232 21158, 1123, 18,40 =12,00_ __
S 1 Y 160,9 2178, 1167, 64800 -91,80
y B 3L IT! 1%9.9  2133, 1165, 11,50 33,40
B _Lhhad 121,48 2221, 1167, 10,50 -10741
@ . L42.3 14,6 2260, 1185, 3.300 =24,10 N
10 19206 Ll05,.9 2393, 1196, 26,90 -liu.4
IO U PO ¥ ). 23V A2 2%, 0207, 18,20 <15.06
12 122,23 . 126,9 2421, 1220, 3.000 -27,10 _
1946 1 154,23 105.) 2452, 1238, 33,90 «96,00 _
2. 1297 155,68 2411, 1245, 13,80 .1.700
A 4306 150.4 2455, 1255, 34,70 201.2
4 1280 108,727 2617, 1273, 43,10 -185,2
6 ]49,6 106.3 2627, 1278, . 9,300 123,54
6 164.4 124,2 2633, 1338, 14,70 -£0,00
7 192.° 204,0 2649, 1325, 23,10 -50.20
4 1673 127.5 2654, 1338, ‘- 45,80 8.606
9§ 1614 139.2 2644, 1373, 27,10 60,00
10 j44.48 13U.2 2731, 1398, 9.800 -82,30
11 147,35 133.7 2701, 1852, 4,600 36,00
12 118.1 144,2 2881, 1524, 22,60 °  =-232.4
1929 | i A RX] 1AS, | 2059, 1522, 22,00 -13,20
2 135.3 120,9 2814, 1538, 40,50 18,20
3 378.7° 157.9 2912, 1536, 11,30 108.8
Y 147.7 1n8,8 3049, 1568, 163,5 -261.7
5 148.0 133,9 2052, 1620, 29,080 200.9
o 16144 166,7 . 2941, 1647, ,2030 -135.3
7 220.7 251,3 2932, 1698, 34,20 ~96,40
6 __200.2 173.5 2887, 1584, -16,20 148.0

9 216,39 16,5 2902, 16490, -13,40 57.10




152,0

13 .. 476,40 ANd,0 4844, 2944, -11,00 .
e 83 SO Y e A8 200 DT 2062, 24,00 58,00 e
12_..50%.0 343,80 n914., 2995, 59,00 35,00
7




1765 1

w N

10
11
12

1956 3

11

12

1967 1

10%.7
105.0
10%.9
105.2

105.5

‘105.5

105.9
105.8
105.8
105.8
105.8
106.5
107.2
108.6
107.9
108.6
109.0
109.4
109.5
110.1
110.9
112.0
111.2
111.3
111.5
111.5

lll.q

45,60
81,9
106.3
.90
77,00
95,79
«8,%0
94,40
85,90
*7,10
51.60
84 .7g
70,%0
85,69
110.4%
87,80
?9.%0
106,46
85,29
19,3
95,00
11%,8
112.6
99,20
h?.ﬂo
105,9

118,

™
2181,
2144,
214,
2186,
2212,
2213,
2213,
2207,
2175,
2161,
2131,
2113,

2080,

2058,

2033,

2026,

2308,

2048,
2093,
2093,
213%,
2146,
2154,
2218,
2336,
2314%,

2323,

TOR
3,830
3,930

3,940

3,900

3,700
3,980
4,190
§.250
%.24%0
4,170

4,170

%.260

4.420

4,360
4,340
4,160
4,120
3,840
4,080
4,080
4,250
4,160
4,260
4,560
4,810
4,840

$.000

$30,0
é3¢0,0

6%0,0

- 65p.0

67p.0

670.0

670,0 -

é70.0
676,0
670.0
70,0

670.0

670,0.

67¢0,0

68g,0

6%90,0

- 700'0

710.0

720,0

"730.0

73g.0
730.0
730.0
73p,0
730,0
730.0

740.0

€D
3,830
3,930

3,940

3,930

3,900

- 3,810

3,830
3.8%0
3,%10
%$,030

4,080

4,360

9,600
4,670
4,630
9,610
4,640
4,540
4,860
4,930
5,360
5.390

5,340

5.010

4,760
4.550

4,290

EXR
93,00
3,00
160,0
¢9,00
121,0
81,00
38,00
84,00
3?,00
66,00
120,0
123,0
65,00
87,00
88,00

129,0

‘175.0

" 220,0

163,0
243,0
195,0

217‘0

1 226,0

233.0
139.0
121,0

1t9.0

TGL

%80,0

480,0
460,0
450,0
¥58,0
%70,0
468,0
%52,0
%45,0
492,0
500,0
483,0
582,0
5¢2,0
é07,0
664,0
688,0
75%,0
768,0
811,0
836,0

807,0

808.0

8g7,0
810,.,0
740,0

675,0

"3
929,0
430,0
57,0
438,0

qu.o

544,0

4%0,0
%41,0
87,0
%50.0
457,0
477,0

476,0

" 479,0

873,0
47%,0
477,0

486,0

%98,0.

%497,0
So8,0
$p8,0
$12,0
$33,0
504,0
496,0

532,0

FL
7.100
7.100
7,100
7.100
7.100
14,30
21,%
28,60
3s,7p

30,70

30,20

30,60
32,70
36,00
40,00
40,00
54,30
54,30
60,50
49,30
4% ,8p
43,20
43,20
46,10
33,90
33,90

33,90

RG
%51.0
433.0
425,0
3820

!
3ss.0
325.0
332,0
327.0
320.0
33s,0
I%e,0
383,0
%16.0
435,0
!So.ol
qsa.o;
483.0
S06.,0 f
$36.0
538,0
sez,0!
SJv.q
sz7.§
521.D
500.0
161.0,

868,0



1958

1969

&

e ® ~« & v

11
12

~

v ©®

‘10

i
12

11241
11201
112.9
112.8
112.7
112.5
11204
112.3
11247
113.1
113.1
113.2

113.2

113.3°

113.3

113.3

133.5 .

113.5
113.8
114.2
115.1
115.0

115,1

115.3

1161
116.7
115.8
115.8
116,

1146.5

1a%.3
10%.2
110.7
115.4
120.4
116,.5
126.3
123,58
118.3
115.8

137,

132,71

191,7
129%,7
107.8
135,7
12%.5
117.4
130,.8
120,5%
108,s
1116
128,7
13%.2
132.4
116.0
129.2
106,.8
13%,4

127.9

9.760
4,820
4,940
4,972
4,750
4,820
4,890
5,980
5,010
5,000
5.050
5,080
$.030
4.850
4,780
4,840
4,590
4,500
4,570
4,760
4,680
4,690
4,680
4,680
8,660
4,680
4,490

4,740

4,660

4,600

750.0
770.0
780.,0
790.0
830.0
82¢0.0
810,0
800.0
800.0
800,0
800.0
810.,0
8290,0

830,0

"840,0

850,0
870.0
870.0
870.0
870.0
879,0
870.0
870,0
890.0
10,0
930.0.,
940.0
950.0
?70.0

98p,0

3,850
3.4%0
3,480
4,310
4,280
4,850
4,5%0
8,760
$.010
5,080
4,970
5.1%0

5,360

5,620

5.54%0
5,3%0
S,100
5,200
5,330
5,490
$,920
6,180
6,160
4,080
6.150
6,088
6,390
7,000
7.010

7.134G

73,00
125,0
147,0
154,0
247,0
239,0
315,0
285,0

359,0

203,0

200,0
193.0
238,0
278,0
337,0
275,0
277,0
293.0
276,0
246,0
300,0
203,0
209,0

153.0

- 133.,0

10%,0
194,0°
§2,00
123,0

146,0

452,C
870,0
680,0
89,0
71%,0
697,0
840,0
820,0
780,0
775,0
808,0
789,0
794,0
835,0
880,0
?33,0
930,0
954,0
?240,0
954,0
948,0
934,0
936,0
927,0
54,0
944,0
943,0
873,0
862,0

880.0

33,90
34,10
30,50
49,00
4% 00
42,60
%9,70
49,70
67,50
67,50
75,00
71,00
57,60
23,30
23,30
23,30
$9,00
59,00

59,00

. 59,00

£€9,00
59,00
55,40
55,40
55,40
55,40
55,40
55,40
55,40

£S5 .40

440.0

407.0
%11.0

418.0

414,0

420.0
44,0

%64,0

485,35

518.0
$5%,0
615,0
664.0
737.0
769.0
884,90
06,0
202.0
906.0
30,0
985,0
1035,
1081,
121,
17s,
1096,
1103,
1003,
966,0

16,0



1974

- e W

@ N

o @ O N 0

12

& @ N

e~ w

132.7
133.5
134.8
135.7
137.8
138.8
1%0.9
1912
192.3
199, 4
115.8
199,
14%.0
151.0
152.5

153.8

156,94

157.8
159,5
161.6
163,7
165.5
1679
169,7
172.0
174,84
181.1
183.5
188.5

189.9

3833,
3823,
3%s0,
3%s,
Jva2,
407%%,
4110,
4186,
s3p2,
4360,
4458,
4643,
4731,
4805,
5026,
5§42,
53460,
54946,
5500,
5401,
$830,

éalo,

6183,

6185,
6270,
6320,
6583,
6822,
6752,

4724,

$.620
$.,550
5,530
$.320

4.500

4.%0

4,920
4,840
4,380
4,240
4,280
%190
3,340
2,840
2,640
2.580
2,480
2,450

2,700

2,800

50350
4,680
8,760

4,820

‘§,820

4,820
$,720
5,890
6,360

6,180

.z‘:.

4276,

4407,
4440,
4509,
4405,
4569,

8469,

-a863,°

4759,

4893,

8062,
5272,
$364,
sa%s,

5592,

6556,

" s748,

5656,
57258,
5983,
sasy,
6038,
8161,
619,
639,
6497,
6501,
4438,

LLET,

1210,
1230,
1260,
1290,
1330,

1350,

‘1370,

1800,
1400,
1400,
1400,
1440,
1480,

1530,

1560,

180,
1630,
1640,
1490,
1700,
1700,
1700,
1700,

1760,

1820,

1870,

1890,
1910,
1930,

1960,

3,700
3,680
3,870
8,060
4,010
40;50
%.720
4,770
5,060
S¢310
5,560
4,050
6.2%0
4.350
7.1%0
8,020
8.670
8,480
7.160
7!870
74360
7,760
7,060
7.%960
8,330
8,230
7.%00
7.750
8.960

8.340

148,0
186,0
2M1.0
262,0

266.0

25300'

233,0
217,.0
22,0

204%,0

156,0

143,0
210,0
2%5,0
160,0
253,0
145,0
166,0
174,0
83,00
§04.0
-119.0

" =239,0

=2%99,0

-74,00

5,000
-20,00

95,00
-16,00

104,0

855,n
1010,
1047,
1078,
1158,
L1217,
1176,
1185,
t211,
1275,
1310,
1267,
1363,
1439,
1426,
1475,

1843,

1251,

1237,

1231,

1234,
1227,
1267,
1277,
1322,
1233,
1205,
1230,
1227,

1224,

835,08
'35.9
s2v.0
83%,0
23,0
870.0
881,00
0;9.6
86,0
$42,0
848,90
87,0
887,08
868,0
33,0
33,0
950.0
1ens,
9806.90
1040,
1058,
1027,
1061,
1106,
1095,
10%0,

1122,

1119,

1152,

1218,

$00.*
85,30
5%, 00
37,30
47,30
47,30

a7,40

47,40

47,50
47,%0
v, 10
3v,10
21,50
4.700
*.700
+0000
+0000
+8000
+ 0000
+0000
+0000
«0000
»0000
+0C00
«0000
0000
« 0000
.0000
i‘.OO

46,00

616,0
673.0
732,0
823,06
3¢.0
#58.0
%16.0
?36.0°
236.0

284.0

T 998.0

to8g,
1138,
1195,
ll;b;
3268,
1174,
1080,
1066,
?24.0
7%6.0
772.0
835.0
*23.0
828,0
800.0
777,0
84,0
729.0

737,0



1978

1976

,lo,

11

12

10
1

~N & »w & ~N

191,2
193,9
195.3
200,5
20243
203.4
204.8
207.2
209.%
21249
21641
217.9
221.9
225.4
224.5

22%.6

232,*

23%,2
237.2
240 .8
.0ado
»0030
+8009

.0003

27%.6
252,p
26%,3
286,3
2493,.%
262,7
273.3
296,46
248,7
273.s
244,83
240.90
287,2
314,86
379.0
367.9
328,7
2867,9
329.2
$16.2
,000g
+0003
.0000

+000g

6777,

6835,
6934,
7194,
7293,
7449,
7446,
7421,
7637,
7773,
785%,
8031,
7978,
8g90,
8336,

848q,

8584,

8526,
8543,
8447,
.0000
.0000
.0020

.0aoo

4,080

6,040
5,920
s.vho
5,920
5,940
$,760
5,670
5,580
5,540
4,120
6,480
6,800
6,820
6,890
6,930
7.040
7,170
7,210
7.1%0
,0c00
,0000
,0000

,0000

1990,

2000,
2000,
1908,
1902,
2092,
2092,
2092,
2092,
2189,
2189,
2189,
2229,
2289,
2289,
2173,
2173,
2173,
2397,
2397,
»0000
+0000
+0000

+0000

7,960

7,470

7,150

6,260
5,500
S.+490
$,610
5,230
5,340
5,400
S,400
S,400
5,400
5,400
5,500
4,940

4,850

5,050

4,880
5,190
.0000
.0000
0000
.0000

219.0

224,0

358,0
164,0
123,0

19,0

-270,0

283,0
990.6
%46,0
262,0
4%44,0
262,0
221.0
238,0
89,00
9.000
132,0
103.0

61.00

407,0

82,00
192,0
135,0

1287,

1347,
1441,
1827,
1477,
1587,
1613,
1707,
1835,
1859,
1833,
1947,
2081,
2022,
2071,
1922,

2023,

1990,

2153,
2286,
,0000
,0000
“0000
0000

1179,
1242,
124{,
1222,
1258,
1292,
1269,
1294,
1297,
131s,
1358,
1466,
1869,
1510,
1499,
1861,

1589,

1402,

.0000
,0100
+ 0000
+0000
+»0000

,0000

46,00
25,00
25,00

53,00

28,00

27,00
89,00
138,0
203.0
364,0

431.,0

50700.

581.0
55,0
599,0
632,0
675,0
678,0
678,0
660.,0
+0000
.0000
+0000

0000

754,0

817,0
729.0
7%0.,0

747,0

"751,0

71%.0
744,0
720.0
763.0
794,0
933.0
972,0
972,0
940,0
960.,0
859,.0
1205,
1069,
941.0
«0000
,0000
,0U00

20000



TABLE

1965

1966

1987

19458

1969

1970

1971

DKG
28,00
29,00
83,09
95,00
22,00
59,00

12,00
73,00
31.00
54,00
33.39

w*,OD
116.0
195.0
57,80
128.0
33,09
12,00
11,00
146.0
§5,00
139.0
1C7.0
239.90
2585.0

157.0

PH
10%.0
10%.0
10%.0
105.0
105.0
165.0
135.5
106.0
107.0
106.0
108.9
106.0
105.90
106.0
105,90
104,90
107.0
to8,9
10%.0
112.0
11%0
115.0
116,90
117.0
119.0

‘t20.0

1900
190,90
195.0
200,0
196.,0
189.0
193,0
190.0
192,0
197,0
194,80
189,20
17a.0
197.0
195,0
199,0
215,0
190,0
214,0
225,0
192,0
214,0
217,0
214,0
205,0

227.,0

1972

1973

1974

1978

1976

'170.0
196.0

137,0

62,00

157.0
74,00
34,00
-21%,0
-12.00
143.0
~39,00
24%,0
428.0
as3.o
$67.0
427.0
620.0
483.0

89,00

@S LB T T I—

257,0
" 274,0

317,0

314,0

362,0

$37.0

505,0

445,0 T

$02,0

443,0

436,0

714,0

638,0

615,0

643,30

643.0

598,0

. 603,0
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APPENDIX D

COMPUTER PROGRAMS

The Computer Programs AUTO and COMET were used to pro-
duce the results of Chapter Three, RESIMUL and TRANSF of

Chapter Five.

AUTO is a program that gives Almon Lag coefficient es-
timates (see Appendix A), and also performs Cochrane-Orcutt,
and one- and two~stage scanning regression estimates in the
presence of autocorrelated errors. AUTO was written by
M.R. Norman of the Wharton School of Finance and Commerce,
University of Pennsylvania, and was edited for use on the
University of Cape Town's UNIVAC 1106A computer by the writer.
COMET is a UNIVAC package that gives linear least-squares

estimates of regression equation coefficients.

Dr. C.R. Wymer of the London School of Economics kindly
made available his suite of programs that enabled the exact
and approximate discrete models (see Chapter Four) to be
estimated and analysed. A complete list of these\programs
is given below. Of these the subprograms RESIMUL and
TRANSF (and their attendant subroutine system LIBRARY) were
edited by the writer. TRANSF is a data transformation yro-
gram that, among other things, enables the data fo be pre-

whitened by the appropriate moving average error process.
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RESIMUL estimates the approximate discrete model. At pre-
sent we are editing the stability analysis program CONTINEST.
It'is hoped that all the programs of Dr. Wymer will eventually
be mﬁde available to researchefs at the Uni#ersity of Cape
Town. (AUTO is currently in operation, and its manual :
"ECON and AUTO" is available at the University's Computer

Centre Library.)
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PROGRAM LISTINGS FOR CHAPTER FOUR
(a) TRANSF
iu-ingTﬁ:L.ICAle"_ _—
DatA TT RLZUSS UGZ17=1132(115)

. _1s _EASGaUup_T2..FLY87275
2. SUSE 12472,
Ba o _OASG,A__TRANSF, :
4, JXQT TRANSF(ALSOLUTE

o fee L STARYAD BeQsPo (2)
Gy ! 14 29 46 45 1 1 o 1 2 .

7, a i 9 2 10 311 4 12 5 13 & 29 7 22 1% 23 15 24 1
[ w, 25 17 26 s 27 19 28 20 -
ey FBL 20 :

tJe e P. 1 2) .
.. ls  pRICC 1HDEX -
B z. pALD e P,
13, CXPORTS
T, T UAbD P X ,
15, PRIVATE KICAPITAL) -
lé, QALD P KPe )
17, TOTAL pRIVATE LEHDING . . )
1, DALL P TP,
17, TREASURY BILL RAYE
2':"0 QALD P TBR, ~ -
21, HET DOMESTIC ASSETS ) —
22, 2ALD P MDA,
23, HONEY SUPPLY -
24, QADDP W, D
250 GelPs(HP)
24, AhDDP Y,
27 FORLIGH PRICE LHDEX -
23, SADPD P PN,
2%, U:S. TREAS, BILL RATYE
33, AaADD,P US,
31, EXCESS RESERVES
32, JALDWP EXR, .
‘ 33, TRG EXOGCNOUS PROXY .
f T JALDP TRG, )
' 35, TOTAL gOVT, LENDIMG
36, T ahLDIP TGL. A
37, MOHEY BASE . " .
38, SADDWP 1B, -
39, - ENDA ‘ . .
43, YREND 21
41, COStHA 1 7 1
42, COSHMA 14 20 1 :
43, LAG 1 a
44, LAG 2 9
45, LAG 3 10
Ny, LAG 4 11
47, LAG. 5 12
o, LAG 3 13
49, LAG 7 29
53, LAG 14 2
Si. LAG 15 23
52, LAG 17 25
'53: L_AG 16 24 VO ——
Sa, LAG ) 27 .
&%, LAG, 20 28 - -
G4, ri.oug 2 3 i 9
—-— .57, _ __FluaL et e = e
Sh, Frulsy
_ L En, I'A!:A_._ ~ i e _ I [ - e ——
T 1N K1 e e e e
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(b) RESIMUL '

ML it i NG T s V230 gy b3 L a Ul L3NG 0L G TN G YUl 2305, 78901 23557690123, 78 01247

M (G eA 227 w88 /ANA o uYalite 520020
G Ryt

TAWL Ryn-4.
A Y7 RLIT~S GT/25~18,33:45

COPee®P o0 3000000832004 0800 003020000000, yCosdotedosnveposttrt(ododostonse

e
2. STaT,) B.0.Pe (2) .
3, -1 7 13 44 22 22 2 1 s} 3 o 10
q. 5 2
5, Fooae Ip =1 7F 2 13p =2 L4F 22 8fF 11 SF 15 12 18 20
5, F 3 2P 3 9F 4 IF [ 8F  #7 19F =5 l4f =19 20 '
7. C 1 3F -o 13F 9 4F ~10 Sp 4 1ip 10 12p 40 1SF =20 20
8, Fo13 4F 16 5F -17 13pP 5 1iF 1 12F =2} 20
9. C 1 5p =7 6op 6 16 :
13, C 1 6P =8 17P =9 12F -6 s
1. [ 1 7F =12 5p =16 12p =17 186p =22 20
12. F1sClp1S § 72=p1p13 $ F3=C1+C2P3 S R4=2C2p3pi2 5 FS5=pP3P12 S F62C2P9 S F7=p3pll s
13, Fu= p4p13 3 F9sc2pt S FLOTC2PI0 % FI1I=C2pIPLA4BF12%C2Pp16SF13=C1YC2P5
14, S Fl4=ClI+C2pl*C2P2 > FIS=PIPI4 S Flb6=C2pPl5 $ F17=pSP13 S :
15, Fla ® p1P1? S Fi9= plp20 % F20= P4p2l % F213 P5P21S F22°P|*p2 3 §
16. 0.5
17, 1. 0.5
18, p29 44 19 Ty ' ‘
19, 1 2" a 4 3 8 5 21 22 23 24 25 26 27 28 29 30 31 32 33
23, 3% 35 34 37 38 39 40 41 42 o
2io JeUeP. (2)
22, Xl=xlex2l ’
23, X2=42-%22
24, X3z43-x23 ”
25, X4zxtex24
26, X5%X5-x25 )
27, X630, 51x6+x26) . A . .
28, £750,5(X7¢x42) ’ o )
29, X26=0,50X27+x35?
33, 42720.51X284X36)
31, 42330 ,50£29+x37)
az, X2v9=U0,91X30+X33)
23, X3u*U,51X31«x39)
34, X31=20.50X33+X411 - .
3s, X3220,70851x34-22,5)
36, X32%%X32/99,483 ’ ’ )
37. x33=0,785
as, FInAL o o )
39, u 0 i “ 4
49, FIHIS“
D OAI’A. .
ih
HUN LU 1S ACCT; AD2,7-RJ0p PROJECT: WYMER
TinE. TOTaAL: 00:;00.92,851 CBSUPS; 0DU0Ol136960 : .

CPuUl ULiJd0200,076 170 00:30:00.209

CC/LR: UGI00:U2,565 4AITS 0U:003;00,000

C e . o - mam e = = mam e e e e s L. e e A
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COMPUTER PROGRAMS OF C.,R. WYMER

£ et of programs hos been developed for handling lincar systeas
of equatiodes of the furg

(1) B(O)yt + C(O)zt = n

and ron-linear systems where each equation has the form

(2} ¢i(yi’ 2y 8) = Uy.s $ being any fTunction.
¥, is a vector of endogencus verisbles, z, a vector of predetermined
vériztles, 6 a vector of perameters and u: a vector of &isturbeances,
gererelly sssumed to be independently normally distriovuted X(0,2).
Sewe cquetions way be identities. Input and output of the programs is
standerdised such that information can be stored on magretic tape or
dice and used in other programs. Special features of these programs allew
the exact or approximate discrete models equivelent to any mixed crder
differential equation systemx to be estimated and their properties

znalysed easily. A brief note on each program, identified by -their code
pare, follows, ’

SIX¥UL

Calculates two stage least squares, three stage least squares,
wnd Mmtl leforwation peximum Likelihood estimates off model (1)
wheres all restrictions are linear. The reduced form is found if
required. Chi-square values for the likelihood ratio test are
enlculated. Uses & modified Newton-Raphson procedure to meximise
the likelihood functicn.

Calowates full information maximum likelihood estimethes of

redel (1) where the ccefficients of the system are any functions,
algebraic or treanscendental, of the set of parameters. This

ellows non-lincer restrictions within and across equetions o

e imposed as well as certain types of inequality constraints,

The program evaluater analytical first derivatives of the Punctions
ot purameters and uses » Newton~Rapnson procedure, beginaing with
arsitrary icitiel valucs, to maximise tue lilkelikood fuanction.
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~
~

Yedified version of FRSIMUL which calewlates full informati
razimom Likelihood estimates of modal {1) with a moving aver
distwhence of the form

-
-
rags

-

u S L - Rr(L,0 £

o =1 00} €

vhore P iz & matrix polvuomial of any owrder in the laz ooe“avo*
and ¢, iz & vector of independent normaliy distributed distur—
Y.z t-!, ] o r
venees, Tue elements of L,C and R are any functicns of the
carsmeters €. This allows the woving averaze coefficients to b
restricted, if necessary to some function of the parareters in
tne deterministic part of the model, as well as aliowving non~-
linaar restric

tions within and ecross equations. The progrem

estimebes the model Ly rmaltiplying the system by the inverse of the
coefficient matrix of ¢, , expending as a Taylor's series and
L4

-
terms. The systen may e re-sstimeted sutomatically taking nore
tarms in the expansion ia order to determine whether the trun-
caticn peint is catisiactery; the corresponding estimates ol R moy

Tl Yo
PP N |
Pl dumt ety

e D1 infermation maxizme likelihood eov;matea of the
screte model equivalient to & xixed order linear differe
cn systew written as the firs®t order sysien

(3)  av(e} = a(edy{sdat + c(o)z(t)at + ag{t)

truacating the resulting infirnite series ufter a given numter of

i

n-

ve output te dlse for calculating the elgenvalues us.ng CONTINTST,

wnere vthe ccefficients are any fuactions of the set of parameters.
Tais allows non~linear restrichions within sid acruss eguations
te be ixzposed. Uses a FNewton—Rephscon procedure to minimise the
delerzinant of the residual wvariance matrix.

Cailcoulates the eigenvealues and eigeavecstcrs of a metrix as vell &
the corresponding variance matric-s° This progres 1s uszd in
vorticular with mixed order linear differesnce or differential
couaticn systems estinated by SIMUL RESIMUL eor DISCON. Given
initial conditions the progrem will calculate the ceoefficilents of

he coxplementary funetion. USC: mou-ilea GR rrocedure,
J -
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-

s or simwliuviion preszvm: for the LOLETR Jizear medel (1) or
zizerete model (3). Point pzn.ih icn estimates with standasd
foreceses aud prediction intervels at a given coufidence level
vlated for as meny periods aheed as desired. Simulation msy be
ner "nx 1o~4" nn:ﬂn observed vilues of the crogenous variablee, or
"ax zn;e u41ng givon values of exogenous varizbles which mzey he chooged
: r2d. In each simalation random nermel disturbances may be
ircluded such thet these disturbances have en expacted variance mstrix

3 s rmiven, generally being the estimated variance matrix of residusls
in Lhe structural medel. For simadlation speciel Features allow either
the perameters or the variahles in the model to be altered according to
some anccified control system. Thetic and enti-thetic samples may be
generated for Moute-Cerlo sastudies,

~l
L%

£SINIL

b

Calewdstes pseudo full information maximum likelihood estimetes o the

ganercl systea (2), non-linear in the varisbles and subjcet $0 won-lineszr
within and acrcss eouatlior vestrictions on the parameters. The prosrem eute-
aetic4llvy evaluates anciyticel tirst derivetives of the vurigtle ard paramet:ir
funetione with respect to the paremeters, and calculates the derivatives cf
the variable Tunctions wiih respect to the endogenous vaeriables. Incorperalc
a nethad of solvi ng aystems of ﬂon—11noar ecuaticns. Uses Newvlon-Raphson
procedure to maximize the likeliheood of the structural model but aiso
cwaluetes the iikelihood of the implicit reduced fora.

L
-
APPERIC

ing or simulation progrum using the general non-lineer model {2).
s non-linear version of PRIEDIC which may be used with models
irated by ASIMUL. Facilities similar t¢ those of PREDIC are incorporsted

hin the program except that standard errors of forezasts and prediction
irtervals are not found.

Cther programs which have been Qeveloped are:

el T RN Ao
RANGE
NSRS

Lota processing n*o ram which reads from cerds, tape or €isc &and write

to tepe or disc. Oroph plotting facilities are included. Thls progran
incorzerstes a s;up;n form cf compiler whick can read and execute Fertran
tyre arithmetic sloteseuts. The cther programs listed here incorporate

& modified version of thesc tronsformations.

riez lecst sguare estirates and usual s+°tist1cu, &s well ss th
ctic required to test the hypothesis that a subset of coe:

< ielients
Le ZEero.
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