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Abstract

This study examines the use of principal component techniques in analysing term structures of interest
rates. It employs original methods of estimating B-Spline models with endogenous knot positions and
applies the method of Dierckx (1981) to generate new data sets for the study. The variability of the
knots suggests that natural market boundaries do not exist in the UK gilts market. Few, if any, of the
previous studies of term structures using principal components have subjected the components to
statistical testing. This 1s remedied in this thesis. The results suggest that only two components, a
level and a slope component, are required to describe most of the variability in the term structures
irrespective of the data used, but these components are not stable over time. The thesis extends the
method to include partial common principal components, and using this method demonstrated the
difference in the major components of selected data sets. The thesis found that changes in the
principal component scores could not be accounted for by regularly published economic news,
including news about the PSBR. A macromodel was estimated. This showed that the term structures
In the sample were altered by changes in government spending but the movement in interest rates
would depend upon how this was funded and what maturity of interest rates was studied. The model
also showed that significant changes would take a long time to manifest themselves and that there was
evidence that some forms of funding had unstable eftects. These results provide an explanation of why
news effects are difficult to discern and why there 1s no consensus on whether or not fiscal variables

affect the term structure.
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Chapter 1

Introduction

1.1 Objectives of the Study

The term structure of interest rates is often seen as one of the main areas where the forward looking
behaviour of market participants is readily observable. As long-term interest rates are believed to help
determine activity then changes in expectations can have effects on the current period. Thus the term
structure acts as a transmission mechanism between the future and the present. This view has received
increased support since the late 1980s from analysis that suggests that the slope of the term structure or
the spread between commercial and government bonds can help predict changes in economic activity.
Moreover, at the end of 1997 British government securities (gilts) amounted to nearly £317bn, of which
£181bn was held by UK life assurance and pension funds (LAPFs), and accounts for about 15% of the

LAPFs’ total gross financial wealth. Hence, virtually all UK citizens are linked into the gilts market at

least indirectly as investors as well as being eventually the paymasters through their taxes.

Citizens also feel the impact of changes in the term structure through its effect on government finances.
For countries that have imposed limits on revenue raising, or have exhausted their tax capacity, higher
interest rates mean fewer resources are available for government expenditure. Indeed, if real interest
rates exceed GDP growth rates the government debt to GDP ratio can rise or fall without limit or until
the financial markets are not prepared to absorb any more of the countries' debt, a situation analysed by
Bispham (1987). Changes in the term structure are one of the means that financial markets may be able
to discipline wayward governments. The following quote from the Financial Times makes it clear that
this is more than just a theoretical possibility. ""Skandia will not buy Swedish (state) bonds until such
time as the politicians, in a credible way, begin to take seriously the accelerating state of debt" said
Bjorn Wolrath, Skandia's Chief Executive. The Swedish five year bond yield moved up sharply, the

Swedish Krona fell and the Stockholm stock exchange fell by 2%."¢ Hence, understanding the

| See for example Dueker (1997) and the papers cited therein.
2 Financial Times 2/3 July 1994 p 4.
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determinants of the term structure is an important area of study for forecasting, policy setting and the

welfare of the citizens as a whole.

The main aim of the thesis is to examine whether or not changes in government fiscal behaviour alters
the term structure of interest rates. This is by no means settled theoretically with Ricardians, e.g. Barro
(1974), arguing against any effect whilst others argue that higher deficits raise interest rates. Neither is
it settled empirically with a number of studies producing results that show higher debt and deficits are
negatively related to interest rates, e.g. Evans (1987), confounding both of the above positions. Again a
quotation from the Financial Times illustrates the difficulty. "Sweden's National Debt Office yesterday
cut its estimate of government borrowing this year from SKr40-Skr50bn (£4bn-£5bn) to Skr20-
Skr30bn. It said it would scale back its auctions of nominal treasury bonds from Skr3bn to SKr2bn, to
take effect from mid-November. Swedish bond yields fell sharply yesterday after the central bank said
it saw continued room for interest rate reductions. Yields on long-term bonds eased 18 basis points to

7.04 per cent and one year bond rates fell 43 points to 4.66 per cent."> What exactly did cause the
yields to fall - lower expectations of government debt issues or expectations of lower short-term interest

rates? Thus an empirical examination is required to examine the interaction of debt, deficits and the

term structure.

A number of areas of interaction are left unexplored in this thesis. These include questions about the
optimal maturity of government debt, see Calvo et al (1991) and government reputation and debt
sustainability, see, for example, Drudi and Prat (1993). Also left unexplored are fiscal theories of
inflation associated with Sargent and Wallace (1981), and 1n depth examination of the Fisher equation,
see for example Ahmed and Rogers (1996) and Gilbert and Yeoward (1994). The reason for these

omissions is not that these areas are regarded as unimportant but rather that a basic question "does

government debt and deficits raise interest rates” still needs to be resolved, which is the aim of this

thesis.

A ——— T ———————

e —

3 Financial Times, 10 October 1996.
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The methodology usually adopted by economists to implement empirical research of the term structure
s regression analysis. The problem is that the choice of interest rates to use as the dependent variable
1s unlimited and, therefore, so is the potential number of regressions. Summarising the results from a
large number of regressions is cumbersome and can lead to conflicts between the results through simple
stochastic variation. Picking representative interest rates runs the risk of selecting atypical rates that
may bias the conclusions. This thesis uses principal components analysis to produce summary indices
of the term structure, the principal component scores. This significantly reduces the required number of
regressions. The thesis makes a methodological contribution by subjecting the indices to a number of
comparative statistical tests. Furthermore, by using partial common principal components to study term

structures the method itself is extended.

1.2 Organisation of the Study

Given its importance as an area of study the term structure has generated an extensive theoretical and
empirical literature. This is surveyed in chapter 2 with an emphasis on recent UK empirical work. This
survey provides the theoretical underpinnings for analysis on the UK term structure undertaken In
chapters 7 and 8. The term structure data for the quantitative analysis i1s produced In chapter 3.
Methodological advances in creating term structures from bond prices and yields are also made by
endogenising the setting of knot positions in spline curve estimation. The production of endogenous
knot positions allows examination of "natural market boundaries” of participants within the term
structure. The existence of such boundaries would cast doubt on the expectations hypotheses of the

term structure. The creation of the two data sets plus two others already in existence allows

comparisons of different yield curve construction methodologies to be reported in this thesis.

Chapter 4 outlines the method of principal components and provides a description of the descriptive
and statistical tests that can be applied. The chapter also provides a survey of principal components
work on term structures. This is a task that does not appear to have been published elsewhere. Chapter
5 examines the principal components of the data sets estimated in chapter 3. The results suggest that
most of the variance in the term structure can be explained by just two components and that this result 1s

independent of the data set or the number of maturities used. The results confirm those from the survey
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in chapter 4 that the first component measures the level of interest rates and the second the slope. As

sensible interpretations can be placed on the components this implies that regression analysis can be

pertormed on the principal component scores in chapters 7 and 8.

Chapter 6 further extends the use of principal components by applying partial common principal
components analysis. This has never before been reported as being used on interest rate data and its
potential n economics has yet to be exploited. Using this analysis and other statistical tests the
relationships between principal components (over time, across different data sets and across countries)

are examined 1n this thesis. The main results are that the components differ between data sets and are

unstable over time.

Chapter 7 uses the principal component scores from two of the data sets to analyse whether news,
including news about the PSBR and debt issues, causes changes in the term structure.* The median
forecasts produced by City forecasters, which are found to be biased and inefficient are used to create
the news effects. Particular attention is paid to whether the forecasts are likely to have been superseded
betore the Office of National Statistics (ONS) releases the actual data. Little previous work has been
produced 1n this area but significant revisions to forecasts could bias the coetticient estimates 1n news
regressions. The results suggest that once forecasts have been made they are unlikely to be revised.
The fiscal terms are not found to produce statistically significant effects on the term structure, a result
supportive of the Ricardian position. The principal component scores are used to show how news

impacts on a term structure of twelve maturities despite having only estimated three equations for each

of the data sets analysed.

Chapter 8 uses the dynamic IS-LM models together with a flow of funds model, surveyed in chapter 2,
to estimate a model with an embedded term structure. The model is subjected to a number of
simulations and the effects on the term structure are described. The results help explain those of the

previous chapter and also why researchers have failed to form a consensus on the effects of fiscal policy

Sk eyl —

4 part of this chapter has subsequently been accepted for publication in the International Journal of
Forecasting.
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on interest rates. Chapter 9 provides some conclusions, describes some limitations to the research and

proposes routes for further research.
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Chapter 2
A Survey of Interest Rate Models

2.1 Introduction

This chapter's main aim is to examine the literature concerning the determination of interest rates from a
number of theoretical perspectives with an emphasis on the implications, if any, of fiscal policy. In
order to make this task manageable a number of self imposed constraints have been applied. Firstly,
fiscal policy 1s restricted to only include the level of taxation, the level of spending, the extent to which
any deficit 1s funded by the sale of gilt-edged securities and the maturity composition of such debt.
This definition rules out examination of the taxation of gilts per se. This definition also rules out
discussions of the means by which gilts are issued (for example, auctions verses tap stocks, or indexed
linked against convertibles)!. The reason for this is simply one of confining the thesis to a manageable
length. Secondly, although interest rates may be separated, using the Fisher identity, into a real and an
intlation component no comprehensive attempt is made to discuss the effect of fiscal policy on the rate
of intlation. The reason is again straightforward. The literature is too large to survey and it would take
the research into areas, such as the labour market determination of wages, which are far from the core
interest of this thesis. Thirdly, the survey is biased towards empiricism and the discussion of empirical
results focuses almost entirely upon recent UK work. The reasons are that the UK is the main area of
interest, US work has been thoroughly surveyed before and that recent work, through its use of

extended data sets, should encompass (or more likely supersede) earlier empirical studies.

The models surveyed are: the expectations hypothesis and associated models of term premia; finance
no-arbitrage models; flow of funds models and a macroeconomic perspective. Of course, each
perspective borrows from the others and so these distinctions are used as a method of organising the

work on the term structure rather than "water tight" theoretical compartments. In keeping with the

remainder of the thesis the main emphasis 1s on empirical aspects of the literature.

| See Breedon and Ganley (1996) for a discussion of these issues with respect to the gilt market.
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2.2 The Expectations Hypothesis

The expectations hypothesis can be traced back to Fisher (1896), according to Malkiel (1989) and
Shiller (1990), making it at least a century old. In their "pure” forms the hypotheses have zero term
premia. However, as Ingersoll (1987) makes clear the pure expectations hypothesis is "not a single
theory but a set of related (and often confused) theories".2 Moreover, the four common versions of the
pure expectations hypothesis are incompatible with each other in the sense of predicting different values

tor the price of a discount bond when future interest rates are uncertain. These four forms (named by

Cox et al (1981)) are as follows.

|) The unbiased expectations hypothesis in which the price of a n period pure discount bond, P, is

given as the inverse of the individual expectations of (1 plus) the spot rates, r;, multiplied together over

the appropriate horizon.

1

pr—-—
 (+r)E(+r,)..E(1+7)

(2.2.1)

This version of the hypothesis is derived from the no arbitrage requirement that future interest rates, f;,

are equal to the corresponding expected spot rates that is:

fi=E@)..(222)

2) The return to maturity expectations hypothesis in which the price of a pure discount bond 1s given as
the inverse of the expected value of (1 plus) the spot rates multiplied together over the appropriate

horizon.

l
Rn

= E((1+7)(1+7,)...(1+7.)) ..(2.2.3)

This is based on the concept that holding a bond to maturity should equal the expected return on a

series of one period bonds held over the same time period. The left hand side of (2.2.3) represents the

total return to maturity thus the nth root of this is the (geometric) average one period return, (1+ R/ )

2 See Ingersoll (1987) p.389. Following the tradition that does not distinguish between the hypotheses
we will describe this approach collectively as the expectations hypothesis.
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Forms (2.2.1) and (2.2.3) will only be equivalent if spot rates are uncorrelated so that there are no cross
product terms in the denominator of the return to maturity hypothesis or if there is no uncertainty about
future interest rates otherwise Jensen's inequality holds.3 In a continuous time framework (2.2.3) and

(2.2.1) are tautological and so only three forms of the expectations hypothesis are recognised in the

continuous time literature.4

53) The yield to maturity expectations hypothesis in which the price of a pure discount bond is given as
the inverse of the expected value of (one plus) the spot rates multiplied together over the appropriate
horizon. This is raised to the power of the inverse of the number of periods to maturity and this entire

term 1s raised to the power of the number of periods left to maturity. For ease of exposition we tollow

Ingersoll (1987) and detine:

X=(Q+r)A+r,)...(1+r))" .24

This enables the yield to maturity hypothesis to be expressed simply as:

-] -]

(——) (—)
(P " = E(X ") ..(2.2.5)

(2.2.5) captures the idea that the expected holding period return on a consecutive series of short-term
bonds equals the guaranteed yield from holding a long bond until maturity. The holding period return

is the change in the bond price divided by the previous period's price.

4) The local expectations hypothesis (the model usually used in the finance literature) in which the price

of a pure discount bond is given as the expected value of the inverse of (1 plus) the spot rates multiplied

together over the appropriate horizon. Using (2.2.4) this can be expressed as:

P" = E(X)...(2.2.6)
This hypothesis is built upon the notion that the expected return of any bond over a single period 1s

equivalent to the short rate of interest.

3 Jensen's inequality states that E(G(X))<G(E(X)).
4 See Cox et al. (1981) p.776.
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All of these four hypotheses have plausible motivations but Cox et al (1985) argue that they cannot all
be correct because the term premia on each hypothesis cannot simultaneously be zero. At any one time,

therefore, three of these hypotheses are Incompatible with pure zero term premia. Other problems also

arise. For the return to maturity and yield to maturity expectations hypotheses the price may be infinite.
The yield to maturity, the return to maturity and the unbiased expectations hypotheses can all be shown
to give rise to arbitrage opportunities when specified in continuous time, rational equilibrium
formulations and are, therefore, invalid equilibrium specifications.’> Provided that interest rates are

always positive then the price of the discount bond is finite under the local expectations hypothesis.

Cox et al's (1985) attack on the expectations hypothesis has been challenged by Campbell (1986), who
shows, using a linear approximation on monthly US data, that the differences between the hypotheses
outlined above may not be significant. Moreover, McCulloch (1993) provides a counter example to
Cox et al. He argues that their results are due to their assumption of a finite number of state variables to
describe the state of the economy, rather than an infinite number. McCulloch (1993) conjectures that it
may be possible that Cox et al's results will be resurrected for more than N maturities, if bond prices are
a function of an N dimensional state vector. Fisher and Gilles (1998) show that this conjecture is false.
However, in doing so, they show that the variance of the short rate is infinite, that the non-negativity of
short rate cannot be guaranteed and that the forecast for the short rate path is a sine wave with a non-

dampening amplitude. All of these features are highly undesirable so that, far from resurrecting the

expectations hypothesis, Fisher and Gilles (1998) show the hypotheses to be implausible.

The important point to note is that the hypotheses, in all of their manifestations, have no explicit role

for fiscal variables. Only if they alter the expectations of future short-term interest rates will fiscal

variables matter in the pure or constant term premia versions of the expectations hypothesis. The

manner by which this could occur is outside the realm of the expectations hypothesis. However,

possible routes are discussed in the section on IS-LM models below. In an expectations hypothesis that

5 See Ingersoll (1987) pp. 399-400.
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allows for time varying term premia a further avenue for the influence of fiscal variables 1s made
available but again the mechanisms by which this could occur are outside the scope of the model.
These comments may make a review of the expectations hypothesis seem pointless in the context of the
aim of this thesis to analyse the effect of fiscal variables on the term structure. However, the
expectations hypothesis remains the dominant model of the term structure and the thesis would be
Incomplete without a review of its current empirical standing. Indeed, if the expectations hypothesis

had produced more supportive results it is likely that the remainder of this thesis would be

concentrating on the role of fiscal variables in the formation processes of term premia.

Although from a theoretical point of view all of the expectations theories have undesirable properties
this has not stopped empirical researchers from creating a voluminous literature dedicated to testing the
various versions of the expectations hypothesis. In the next section we survey these empirical results
but as Shiller (1990) and Melino (1988) have comprehensively covered these, with particular emphasis
on US studies, we limit this survey to studies using UK data from the late 1980s onwards to avoid

duplication. The choice of UK studies alone was made principally because the UK is the main focus of

study in the latter chapters of this thesis.

2.3 Linear Approximations of the Expectations Hypothesis

One important point to note from the equations (2.2.1) to (2.2.6) is that they are only true for discount
bonds. Allowing for coupon payments requires the use of linear approximations and these have been
used in UK studies by Taylor (1992), who notes that the approximation also avoids the need to

calculate spot rates, and by others (e.g. Cuthbertson and Nitzsche (1993)) for convenience. Shiller

(1979) and Shiller et al (1983) derive the following approximation by writing the bond price in terms of

coupon payments, ¢, and yields to maturity, Y, 6.

6 See Allan (1992) pp.250-251 for the derivation of (2.3.1) and for a fuller description of this

relationship.
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It this is substituted into the formula for the holding period return, H ," (capital gain plus coupon as a

percentage ot the price paid for the gilt), the following expression is derived:

Using the local expectations hypothesis (that the expected holding period return, H,', equals the one

period spot rate plus a term premium) and (2.3.2) a first order non-linear rational expectations model

relating y," and y, can be derived. To avoid the non-linearities a Taylor expansion is taken of (2.3.2)

n—1 —

around y; = y,'” =c¢ =Yy so that it is truncated after the linear term.’ This allows a linear

relationship between y," and y,, , to be written:

n-—|
Y, = 2 g (1-)/(1-g")VE, (y11h) (233)
k=0

Where: g 1s a constant discount factor, 0 < g < 1.

E¢ 1s the expectation operator.

The discount factor is associated with a constant discount rate y such that g = (1+ ). Using

Macaulay's (1938) definition of duration, D, .

D =(ng" +Zigic)/(g” +2gfc) ..(2.3.4)
i=1 =]

Consequently, using the definition of g and D)., (2.3.3) is the duration weighted average of future

Interest rates. Shiller (1979), Shiller et al (1983) and Campbell (1986) all provide correlation
coefficients which suggest that the Taylor approximation error on the holding period returns does not

appear to be significant.8 However, Hall and Miles (1992) note that the correlation between the

approximation and the true holding period return may be high but the approximation may still be a

7 Shiller (1979) pp. 1197-1199 shows that this linear form is also consistent with other forms of the

expectations hypothesis.
8 See Shiller (1979) p.1196, Shiller et al (1983) table 1 p.182, and Campbell (1986) table 1, p.191.
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biased measure if the sensitivity of the approximation to changes in interest rates is too great. They

tested this upon portfolios of gilts for various maturities by running regressions of the form?:

h'=a +pH . (23.5)
Where: /1 is the true n period holding return at time t.
H is the approximation to the n period holding return at time t given by (2.3.2).

Q, [ are coefficients and if H" is unbiased they will equal zero and unity respectively.

Hall and Miles (1992) found for UK data during the period January 1985 to March 1989 that [ was

statistically significantly different from unity (at the 5% level) in half of the 14 regressions undertaken
whilst & was statistically significantly greater than zero in eight of the regressions. As [ was generally
found to be less than unity there is a tendency for the approximation to be more sensitive to changes in
Interest rates than are the true holding period returns. Hall and Miles results also apply to a number of
other countries. Despite the relatively short time period covered, these results suggest that Shiller
(1979) and Shiller et al (1983) have been too sanguine about the errors in the approximation. However,
whether or not the empirical consequences of this approximation error are significant is not clear and
this is an area worth further study. Bearing this caveat in mind, the next section summarises the

empirical methodologies used and recent UK studies undertaken on the expectations hypothesis.

2.4 Recent UK Studies of the Expectations Hypothesis

Empirical tests of the expectations hypothesis can be split into six main methodologies of which five are

discussed below.19 These are:

1) Tests of orthogonality or market efficiency conditions. Under the assumptions that expectations are
formed rationally and that term premia are constant, the excess returns should be independent of any

information that is available at the time the expectations were formed. The excess returns can be

9 The maturities of the gilts portfolios are (1n years) 1-3, 3-5, 5-7, 7-10, 10-15, and 15+.

10 There does not appear to be any published work using UK data that has investigated tests derived
from Euler equations and they are not considered further in this thesis.
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measured as the difference between the holding period return and the spot rate: the difference between

the long interest rate and the weighted average short rates; or by the difference between the forward rate

and the spot rate. These measures are not the same because of Jensen's inequality.ll. The

orthogonality tests are joint hypotheses about the constancy of term premia and the rationality of
forecasts. Moreover, such tests cannot prove orthogonality because they cannot rule out the possibility
that another subset of variables is not orthogonal to the excess returns. The best result that can be

gained s, therefore, non-rejection of the expectations hypothesis. Tests of these attributes are applied

to our data sets in chapter 7.

MacDonald and Macmillan (1992) side step the joint hypotheses problem by using expectations of UK
three month interbank bid rates in three month's time collected from 26 economic and financial
forecasters by Consensus Economics. The time period covered is October 1987 to October 1991 and
the data are collected monthly. As the frequency of data collection exceeds that of the forecast data
MacDonald and Macmillan (1992) correct the coefficient covariance matrix, estimated by ordinary
least squares estimates, by using Hansen's (1982) generalised method of moments (GMM). MacDonald

and Macmillan (1992) also allow for heteroscedasticity in the model's errors.

MacDonald and Macmillan (1992) regress the difterence between the forward rate and the appropriate
spot rate (a measure of the excess return or forward premium) on the difference between the forward
rate and the current spot rate. They find, under the assumption of rational expectations, that most of the
variation of the forward premium can be accounted for by expected interest rate changes. On the other
hand, using pooled survey data to measure expectations (1.e. using all 26 forecasters separately) the
results suggest that the major (60%) source of variation in the forward premium 1s time varying term
premia. However, these results appear to be dependent upon the use of the pooled data set that
decreases the standard errors of the parameters by increasing the sample size. When rational

expectations are assumed market efficiency cannot be rejected. However, when the survey expectations

are summarised by using the mean or the median of the individual forecasts market efficiency is

-_____—___-—__________________——-———__

|1 Qee the discussion in section 2.2.
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rejected by the sample. The reason is that the SUrvey expectations are not rational because five out of
the 26 individual forecasters appear to take insufficient attention to the Information contained within the
current forward rates. This is sufficient to make the mean of the survey forecasts irrational and
accounts for the different conclusion depending upon whether rational or survey expectations are used.
Overall, MacDonald and Macmillan's (1992) results reject the pure expectations hypothesis and cast

doubt upon the weaker constant term premia version for the UK. However, it should be noted that

these results are limited in the range of interest rates and the time period covered (just four years).

) Variance bounds tests that were first applied by Shiller (1979). From the return to maturity form of
the expectations hypothesis (2.2.3), long term interest rates are averages of expected short term interest
rates. Under the assumptions that expectations are formed rationally and that term premia are constant,
long term interest rates have smaller variances than the averages of the short term interest rates. This is
because the expectation errors are independent of the long term interest rates and the variance of two
Independent variables 1s simply the sum of their variances. Hence, the variance of the averages of short
term interest rates equals the variance ot the long term interest rates plus the (non-negative) variance of

the expectations errors. Similar variance bounds can be placed on the holding period returns and short

term interest rates.

Variance bounds tests have found that the long rate is too variable relative to the average of the short
rates. |2 However, it is not clear whether this result derives from the rational expectations versions of
the expectations hypothesis being incorrect or a weakness in the testing procedure. Flavin (1983), using
Monte Carlo simulations, shows that, if the short rate nearly has a unit root, in small samples the sample
variance of short rates may be downward biased and this may account for long rates appearing to be too
variable. The reason is that with a near unit root short term interest rates will show high persistence
and. hence, deviations from the sample mean are smaller than deviations around the population mean.
All that can be concluded from variance bounds test is that from the observed sample the results do not

support the rational expectations theory of the term structure. Flavin's critique appears to have caused

e

12 See, for example, Shiller (1979).
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researchers using UK data to abandon this line of testing, although it is still undertaken in the context of

the VAR analysis outlined below. Green (1991) reports that returns on UK three month local authority
rates varied between 18.5% and 4.6% whereas annualised three month returns on ten year gilts varied

between -14.7% and 36.4% using monthly data over the period 1972 to 1985. This result is

Inconsistent with the expectations hypothesis.

3) Single equation regression tests. These use the consequence of the expectations hypothesis that the
long interest rate is (up to a linear approximation) equal to the average of the expected short rates to set
up testable hypotheses. Although (2.3.1) could provide the regression equation as it stands concerns
that the interest rates are non-stationary cause researchers to transform the variables into weakly
stationary variables so that traditional statistical tests can be applied. These stationary variables are
usually the spread between a long and a short interest rate and the change in the short interest rates. As
Campbell and Shiller (1991) note, the spread should predict the change in short term interest rates over
the maturity of the long term bond. A positive spread implies that short term rates are expected to rise.
This causes a capital loss for long term bond holders and to ensure that returns are equalised between
long and short term bonds the yield on long term bonds must be higher than short term bonds. Hence
the spread is positive. The term "long" bond is used for exposition purposes. In many single equation
tests the maturity of the long bond is simply twice that of the short bond (see, for example, Driffill et al
(1993)) so that the change 1n interest rates 1s simply the change in short term rates. Tests using long
maturities that are twice the short term maturity are popular because the mathematics is conveniently
simplified by this choice. The test can be performed by running a regression of the change in interest
rates on a constant and the spread. In the two period case for discount bonds the regression would be:

r =1 =& -r")+ 6 ..(24.1)

+1

n

Where 7, is the two period interest rate.

r” is the one period rate.

6 is the constant term premia.
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The [3 coefficient on the spread should be unity if the long bond has twice the maturity of the short

l P . . . .
bond.’~ [t should be noted that this equation Imposes rational expectations and replaces the expected
long rate by its' ex post value. Two factors have to be taken into consideration during estimation of

(2.4.1). Firstly, overlapping interest rates induce an (m-n-1) moving average process into the error term
that has to be allowed for before inferences can be drawn. 14 Secondly, if the term premia, 6, is

random then it and the spread are correlated and estimation of [ by OLS will be biased and

Inconsistent. Thus instrumental variables estimation has to be used.

These procedures can produce a myriad of combinations of interest rates that can be used to test
expectations models of the term structure. The results of US studies find that the regression of the
change In interest rates on the spread results in parameters that are of insufficient magnitude and often
the wrong sign (negative). These results are summarised in Campbell and Shiller (1991). These and
the more recent results of Campbell (1995) are in accordance with the finding that longer rates tend to
fall when the spread is positive. Roberds and Whiteman (1996) describe the decline in the values of the

coefficients, with respect to the longer maturity, as a "smirk". This result appears to have a long
pedigree with Macaulay (1938) observing a similar pattern to movements in US long rates and the
spread. However, as Campbell's results show, the standard error on these estimates is often so large

that the hypothesis of no relationship cannot be ruled out. This orthogonality result has received

support from Ayres and Barry (1979, 1980) and Steeley (1989).

Cuthbertson and Nitzsche (1993) use regressions of the form (2.4.1) to test the implications of the
rational expectations term structure using weekly UK Certificates of Deposits (CD) data for the period
October 1975 to October 1992 using maturities of 4, 13, 26, 39 and 52 weeks. In contrast to the US
studies, Cuthbertson and Nitzsche (1993) find that they cannot reject the null hypothesis that the change
in interest rates is as predicted by the expectations hypothesis (positive) and that the parameter on the

spread variable is unity. However, the standard error of the estimates is so large that neither can the

13 In general the coefficient will be given by (m/(n-m)), where m is the maturity of the short bond and n

is the maturity of the long bond.
14 This is another reason why m=2 and n=1 is an attractive combination of interest rates to study.
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hypothesis that this parameter is zero be ruled out. Nevertheless, Cuthbertson and Nitzsche's results are
more supportive to the expectations hypothesis than many others. They attribute this to the use of a

high quality data set that avoids the problems of approximating spot yields or applying approximations

on yields to maturity. The CD market is also very liquid and this, the authors claim, may make the

recorded rates match the trading rates more closely than in less liquid markets.

The second type of regression test uses what Campbell and Shiller (1991) call the "perfect foresight
spread”. This 1s the spread which the expectations theory would give if there was perfect foresight, that

1S Investors never made errors in their forecasts about future interest rates and is defined as follows:

k—1 ]
ST =(1k)Y (D AR ) .(242)
=l j=I

Where: S,(”‘m) = }j" — f’,m

k=n/m

An? rm __rm _rm

{+m [+m {

[f short term interest rates are expected to rise over the lifetime of the long bond (1.e. the change terms
are positive) then the long term interest rate has to be higher than the current short term rate. This s to
equalise the returns on the long term bond and a sequence of short term bonds. This can be tested by
using the perfect foresight spread as the dependent variable and a constant and the actual spread as

independent variables in a regression. Again, provided that the term premia are constant, the slope

coefficient should be unity.

US data also suggest that, although the expectations theory is often rejected, the perfect foresight
regressions give forecasts in the correct direction for the changes in the short rate. Roberds and
Whiteman (1996) describe the resulting parameter estimates as the "predictability smile". When the
maturity of the long bond is three months or less short term rates generally move as predicted by the

expectations hypothesis. For maturities between three months and two years short rates react
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insufficiently to the spread, whilst for long rates of two years or more the spread again predicts

movements in short rates. Thus the parameter estimates take on a U-shape or "smile".

Cuthbertson and Nitzsche (1993), Hurn et al (1993) and Cuthbertson (1996) test the perfect foresight

regressions. The former used that same data set as discussed above, whilst Hurn et al (1993) used
month end one, three, six and twelve month middle Libor rates over the period January 1975 to

December 1991 and Cuthbertson (1996) used weekly (Thursday) Libor rates for January 1981 to
February 1992. All of these researchers find that they cannot reject the hypothesis that the parameter
on the spread is unity, which is in accordance with the expectations hypothesis. Moreover, Cuthbertson
and Nitzsche (1993), using four lags on the spread and the short rate of interest, and Cuthbertson
(1996), using five lags on the spread and short rates, find that these variables are not statistically
significant. Consequently, in these studies all the information on the perfect foresight spread appears to

be captured by the actual spread.

Frachot and Lesne (1993) and Roberds and Whiteman (1996), using the Cox et al (1985) model, are

able to explain the "predictability smile" and the "smirk" for the US studies. Frachot and Lesne (1993)
show that if interest rates are deterministic then long term interest rates are an average ot expected short
rates. If interest rates are stochastic but their variances are deterministic, then long term interest rates
equal the average of expected short rates plus a term premium. In both these case regressions based on
(2.4.1) and (2.4.2) would support the expectations hypothesis. However, if both interest rates and their
variances are stochastic, then long term interest rates are averages of expected short rates multiplied by
a function, C(m-n), plus a term premium. The important point is that C(m-n) is a function of the
maturity difference between the short and the long interest rates (as well as the constant mean reversion
parameter and a constant that describes how stochastic the variances of interest rates actually are).
Roberds and Whiteman (1996) show that, when the regression is set up in the form of (2.4.2), stochastic
variances in the Cox et al model will reproduce the right hand side of the "predictability smile" as the
long interest rate lengthens in maturity. They show that this is true for any parameters of the Cox et al

model. However, in order to achieve parameters close to unity for short maturities the market price of
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risk, i.e. the covariances of changes In interest rates and the market portfolio, must be small. These

same conditions will explain the "smirk" results generated from regressions of the form (2.4. 1).

Frachot and Lesne (1993) applied their analysis to explaining the results of Campbell and Shiller (1991)

and Fama (1984). Roberds and Whiteman (1996), on the other hand, estimate their own version of

(2.4.1) and (2.4.2) and attempt to use the analysis to explain the pattern of coefficients. Both papers
calibrate the model of Cox et al by searching over the parameters to find those combinations that
minimise the sum of squared deviations of the actual parameters from the theoretical parameters. Thus
the criterion on which to judge the success of this approach is not whether the actual and theoretical are
close. Rather it is whether or not the parameters of the implied Cox et al model are plausible.
Untortunately, the calibrated coefficients are not plausible. Frachot and Lesne (1993) report a
parameter that in six out of the seven calibrations is above its theoretical maximum of unity. Roberds
and Whiteman (1996) themselves point out that the parameters of their calibrated Cox et al model are
not close to those obtained by other researchers. Moreover, their calibrated parameters cannot explain

part of the "smile" and "smirk" at longer maturities and this result also applies to a two-factor model.

Despite the indifferent empirical results, this approach offers a compelling explanation for the failure of
the expectations hypothesis and further work is clearly warranted. Unfortunately, to date, the approach

of Frachot and Lesne (1993) and Roberds and Whiteman (1996) has not been applied to the UK results,
especially to those associated with Cuthbertson that are more supportive ot the expectations hypothesis.
In order to be consistent Cuthbertson's results would have to imply that the conditional variance of short

term interest rates is not stochastic. Examination of this would, clearly, be an area worth further study.

4) Vector autoregression (VAR) tests were first proposed by Campbell and Shiller (1987) 1n response
to two weaknesses with the single equation methodology discussed above. These are that the single
equation models have to use GMM to correct for overlapping forecast errors that induce moving
average processes. These do not work well if the degree of overlap is large relative to the sample size
as the results of Monte Carlo simulations performed by Campbell and Shiller (1991) demonstrate. As

an example of the size of this problem it can be noted that Cuthbertson and Nitzsche's (1993) use of
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annual data (52 week) reduced their number of truly independent observations to just 18 despite using

weekly data. !>

The second problem with the single equation regression tests is that they do not provide a detailed
picture of the shape of the yield curve. The VAR approach allows a forecast of the changes in short
Interest rates to be made over any horizon and, consequently, the behaviour of long rates can be
interred. The VAR methodology also has the advantages that alternative measures (to R2) of the
expectations theory's ability to predict the data can be derived and that a form of volatility tests can also
be conducted within this framework.!® The VAR approach assumes that the change in the short rate is
a stationary process. It follows, therefore, that the spread is also a stationary process and there exists a

bivariate Wold representation of these variables that may be arbitrarily approximated by a VAR. In

essence the test of the expectations hypothesis involves using a Wald test on the non-linear restrictions

imposed upon the VAR by equations (2.4.1) above with the unrestricted VAR.17

The Wald test on the VAR restrictions has had mixed results on UK data. Cuthbertson and Nitzsche
(1993) reject the restrictions in four of their five VARs and Cuthbertson (1996) in four of his eight
VARs, whilst Hurn et al (1993) cannot reject the restrictions in any of the six VARs they estimated. It
1s not clear whether the differences in the results are due to different sample frequencies, different time
periods covered or the different compounding conventions used. A further possibility is that the
researchers are testing different restrictions although as the Hurn et al paper 1s very sketchy on the
restrictions that are being tested this explanation is untestable.!® Taylor (1992), using three month UK

Treasury bills and redemption yields on 5, 10, 15, and 20 year gilts, also rejects the restrictions for each

of his four VARs.

15 1t should be noted that a GMM correction on the standard errors is also used within the VAR system.

16 See Campbell and Shiller (1987) pp.1068-1070.
17 A simple example of the restrictions 1s given by Driffill et al (1993).

18 Driffill et al (1993) show that a number of different restrictions can be applied and these can alter
whether or not the restrictions are rejected by the Wald tests. See Driffill et al (1993) pp.12-14.
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Using the parameters of the VAR the "theoretical spread”, which is a weighted average of forecast
Interest rate changes, can be computed.]9 The difference between the actual spread and the "theoretical
spread” 1s a measure of the discounted sum of expected term premia conditional on the information
contained in lagged values of the spread and the change in short term interest rates.2? The use of the
present value formula adds a measure of persistence of term premia (alongside the variability of term
premia) in evaluating the success of expectations hypothesis. The relationship between the spreads is
often presented graphically but both Cuthbertson and Nitzsche (1993) and Hurn et al (1993) report that
the correlation between the theoretical spread and the actual spread is very high (never less than 0.97).

Moreover, the standard errors are small enough to suggest that this result is very robust and that the

hypothesis that the correlation is unity cannot be rejected.

An alternative method of analysing the spreads is to calculate the ratio of their standard deviations. If

the standard dewviation of the spread 1s larger than that of the theoretical spread then the spread is too
volatile relative to expected information about short term interest rates. Neither Cuthbertson and
Nitzsche (1993) nor Hurn et al (1993) found evidence of excess volatility, although in the former paper
this result is due to the standard errors being large rather than the point estimates being close to unity.
On the other hand, Cuthbertson (1996) found excess volatility in three of his eight tests. MacDonald
and Speight (1988) found excess volatility for 5, 10, and 20 year gilts compared with Treasury bill
rates, over the period from the first quarter of 1963 to the first quarter of 1987. Their ratios of the
actual innovation in the spread to the forecast innovation only indicated excess volatility for five year
gilts. Over a longer data period 1952 to 1988 using quarterly data Mills (1991) found evidence of
excess volatility for five and twenty year gilts and the 3 1/2% war loan, although for the five year gilt
the result was marginal. Mills (1991) also found that his results were sensitive to the data period used,
with the later period 1972-1988 displaying greater excess volatility than the period 1952-1971. Overall

we conclude that the variance ratio tests, whilst probably of low power, are not overly supportive of the

expectations hypothesis.

[ ———————

19 See Campbell and Shiller (1987) pp.1068-1069 and Campbell and Shiller (1991) p.10 for a

derivation of this measure.
20 Gee Campbell and Shiller (1991) p.10.
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) The expectations hypothesis can also be examined using cointegration tests associated with Engle
and Granger (1987). These are based on the single equation tests discussed above and are a precursor
to these tests in the sense that if long and short rates are not cointegrated then the expectations
hypothesis is false. If a variable is integrated of order 1, denoted [(1), then 1t has to be differenced once
to produce a stationary variable that is integrated of order 0, 1(0). If a linear combination of two or
more variables can be formed such that this combination is I(0) then the variables are described as
being cointegrated. Taylor (1992) used weekly data for UK three month Treasury bills and the
redemption yields on 5, 10, 15 and 20 year gilts over the period January 1985 to November 1989. He
reports that all of these yields appear to be unit root series, whereas the spread between the gilts and the
Treasury bill rate appears to be stationary using Phillips-Perron tests for unit roots. MacDonald and
Speight (1988), Mills (1991) and Cuthbertson (1996) also find that their interest rate series are I(1)
whilst the spreads are 1(0). However, because their data sets overlap these two studies do not represent
independent collaboration. This is a particular problem in well-researched areas such as the
expectations hypothesis.  Despite this quibble, the cointegration tests are consistent with the

expectations hypothesis but they could, of course, be consistent with other models of interest rates.

2.5 Time Varying Term Premia

Overall, the UK results reported above are not very supportive of the pure expectations hypothesis.
Given the theoretical results of Fisher and Gilles (1993), Green’s (1991) comment that the expectations
theory of the term structure is “an invaluable expositional tool but constituting a dead end as far as
research aimed at understanding interest rates is concerned” seems correct.2! In many cases it is not
clear whether the expectations failure is due to the assumption of rational expectations being incorrect
or due to non-constant term premia. If term premia are non-constant but predictable an augmented

expectations hypothesis could provide an explanation of movements in interest rates and this section

discusses some recent work on explaining term premia.

U
21 Green (1991) pp.132-133.
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tarly specifications of risk premia tended to be ad hoc. Hicks (1939) postulated the liquidity premium
hypothesis in which the term premia rose as the maturity of the debt increased. Thus in equilibrium the
term structure would slope upwards. Market segmentation or preferred habitat theories (associated with
Modigliani and Sutch (1967)) propose that investors have preferences about the length of debt they
hold to ensure that maturing debt matches their own expenditure profile. The result of this is that to
entice investors away from their habitats a premium has to be offered but this need not be linked in a
monotonic manner to maturity length. Under this view term premia do not have a deterministic sign.
Both the hquidity preference and market segmentation theories would allow the premia to be non-
constant. They could depend, for example, on the terms of bank lending, short term interest rates,
inflation, GDP growth and developments in the stock market. All of these could rapidly change
liquidity in the market, or change relative asset supplies, which could change the viability of preferred
habitats or the liquidity of segments of the term structure. More rigorous work on general equilibrium

models of the term structure, e.g. Cox et al (1985), also find that the term premia can vary over time

and will be influenced by a number of variables including changes in the outstanding debt maturity

profile.

Yet even in these formal models there is a large element of ad hoc choices being made about the actual
determinants of term premia. Sill (1993) uses the intertemporal capital asset pricing model (ICAPM) to
relate the conditional (on information available up to the current period) expected excess return on US
Treasury bills to the conditional covariance of the asset with the benchmark return. Sill assumes that
the excess of the benchmark return over the risk free rate has a linear factor structure. Consequently,
excess Treasury bill returns can be expressed as a function of the covariance of the idiosyncratic
changes between the benchmark portfolio and the Treasury bill rates, which is assumed to be constant

in Sill’s empirical work, and the variances and covariances of the factors. The variances and

covariances are estimated by a GARCH(1,1) model and are thus time varying. Despite the Impressive
formulation the factors, industrial production growth, inflation and a bond default premium, are

arbitrarily chosen and, consequently, without these being tied down this line of research is little more

than an advanced form of data mining.
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Agalnst such a background empirical researchers have a host of explanatory variables to choose from in

their attempts to explain term premia. However. little progress has been made in narrowing down these
variables to the core determinants of term premia. Taylor (1992) reports that the lagged variance term
in a GARCH(1,1) model is not statistically significant on UK data so that there is no persistence in term
premia. This result suggests that finding a stable relationship with macroeconomic variables may be
difficult, as these are often highly persistent even in growth rate terms. Hall and Miles (1992) examined
a porttolio of UK gilts over the period January 1985 to March 1989. Unlike Taylor (1992) they found
that term premia as measured by a GARCH model was persistent in a statistical sense but that for the
whole portfolio such term premia were not statistically significant. Similar conclusions could be
reached when the portfolios were split into maturity bands and term premia, measured by the
covariance of the innovation terms which were justified by capital asset pricing model (CAPM)
considerations, were allowed to enter the GARCH model. The exception to this result was the one to
three year gilt portfolio where both variance and covariance terms appear as statistically significant
term premia. These results can be rationalised by noting that there 1s no return to investors for holding
diversifiable risk and the variance of the gilt portfolios may measures only diversifiable risk.

Furthermore, the risk measured by the covariance of gilt portfolios can also be diversified. Hence there

is no return to this measure either. A better measure of non-diversifiable risk would contain

covariances with the innovations on portfolios containing equities and foreign bonds and real capital.

There have been mixed results from using debt variables to explain term premia. Goodhart and
Gowland (1977) fail to find any effects whilst Taylor (1992) does. However, Taylor's equation I1s
misspecified as it implies that a permanent change in the proportion of asset supplies in a given maturity
class will reduce/increase the excess holding period return over the short rate. This implies that for all
future periods the prices of long bonds must continue to rise or fall. This opens up an arbitrage
possibility and it is not clear what stops arbitrage. Alternatively, and this seems to be what Taylor had
in mind. at the start of the period the gilt price falls so that the running yield rises to the required level
and prices stay at this new level so that no capital gain is made. In general, however, gilt 1ssues will not
be made on the first day of each week so that this implies the price moves on the expectation ot the

issue of gilts. Again this means that there is an arbitrage possibility unless expectations are only formed
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with total certainty on the first day of each week. This seems an unappealing model. We are not

therefore convinced that Taylor's results are particularly robust.

Rather like research on the pure expectations hypothesis, work on time varying term premia has thrown
up conflicting results. Given the ad hoc nature of the empirical work it is not clear that this line of
research will produce convincing answers to bolster the expectations hypothesis in the near term.
Indeed, Frachot and Lesne (1993) and Roberds and Whiteman (1996) show that finance models can

explain some of the failures of the single regression tests of the expectations hypothesis and we describe

these models in the next section.

2.6 Finance Models of Interest Rate Determination

The second strand of the literature exploring the determination of interest rates may be termed the
“finance or arbitrage” literature. Hull (1993) distinguishes between models in which the term structure
Is endogenous and models in which the term structure 1s exogenous. As the primary aim of the thesis is

to examine the determinants of the term structure models where the term structure 1s exogenous, such as

Ho and Lee (1986) and Hull and White (1990), are not discussed.

As Pagan et al (1995) remark there is little overlap between these models and those examined under the
expectations literature described in the above section. Many of the models (but not all) within the
finance literature can be nested within a relatively simple stochastic diffusion process. The variants of
this process are often simply stated as the starting point for analysis. At first glance, this gives the
impression that the model has been chosen simply because of its analytical and empirical tractability
and its ability to meet the boundary conditions of the interest rate process.22 This is not the case. The
models are derived from a number of plausible economic assumptions, including a no-arbitrage
condition, with the only arbitrary feature being the specification of the stochastic diffusion process. As
such this procedure is similar to that in mainstream economics where an equation may be rigorously

derived but the empirical implementation has a number of ad hoc features (linear vs. log-linear, etc.).

[ —
22 A rather dire example of this tendency 1s Chance (1994).
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In the following paragraphs the bond pricing equation is specified, the interest rate path 1s specified and
the implications of the model are discussed. The various different assumptions on the stochastic
diffusion process are outlined and recent empirical works on these types of models are discussed. It
should be emphasised that these models are designed to value contingent claims and Ho and Lee (1986)
and Heath et al (1992) are central to this aim. Due to this, the ability to explain developments in the
term structure 1s not the over riding concern of finance models, unlike the expectations hypothesis
reviewed earlier and the I1S-LM and flow of funds models reviewed later in this chapter. Nevertheless,
the work of Frachot and Lesne (1993) and Roberds and Whiteman (1996) (as discussed in section 2.4
above) do offer an explanation of the failure of single equation regressions to conform to the
expectations hypothesis. Although there are some clear empirical “winners” amongst the finance
specifications, the literature is still developing rapidly so that, as Campbell et al (1994) emphasise, no

one model has emerged as the consensus choice.

Finance models begin by postulating that the short term interest rate (often the instantaneous rate), r, is
determined by a stochastic differential equation. We follow Brown and Dybvig (1986) in specifying a

particular diffusion process, that of Cox et al (1985), but the derivation of the bond pricing equation

makes 1t simple to substitute others.2’

The diffusion process 1s given by:

dr = k(0—=r)dt + ordx ..(2.6.1)
Where: dr is the change in the instantaneous interest rate.

dt is a small change in time.
O is a standard deviation term.
k(6 — r) is adrft term.

dx is a Wiener process with a zero mean and variance dt.

I —
23 Other derivations are possible, see, for example, Wilmott et al (1995).

36



The square of the diffusion process (2.6.1) can be written to leading order as:

(dr)’ = ?rdt ..(2.6.2)

T'his 1s because for very small increments in time (dt)? — 0, dxdf — 0 and (dx)* — dt.

Let the price, P, of a riskless. zero coupon discount bond, in period, t, maturing in period T, be

designated by:

P(r,t, T) ..(2.6.3)

Using Ito's Lemma the instantaneous rate of return on the bond is given by:

(P.dr + V., P_(dr)* + Pt
dr/, = ) B (d) % (2.6.4)

Where: dp 1s the change in price
P, 1s the partial derivative with respect to interest rates.

P 1s the second partial derivative with respect to interest rates.

P 1s the partial derivative with respect to time.

By substituting (2.6.1) and (2.6.2) into (2.6.4) and rearranging the rate of return can be expressed as:
I/ 5% p
dP/ — K(Q-—r)P/ P/ AO- "/ P/
A,_H p |t fP+ P dt+0'\/; de ...(2.6.5)

We can summarise (2.6.5) more succinctly as:

dP/ P = u(r,t,T)dt + v(r,t,T)dx ..(2.6.6)

In an efficient market, arbitrage ensures that the expected instantaneous return on the bond is equal to

the instantaneous risk free rate plus a risk premium. As this is a single factor model there is only one
source of noise in the economy and this is given by v(r,¢,7T). As noted above the expectation of dx1s

~ero and therefore the expected return from (2.6.6) is simply given by u(r,t,T). Hence:

u(r t,T)=r+ A (r,0)v(r,t,T) ..(2.6.7)
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Where: A (r,t)is the premium paid to investors for accepting one unit of risk.

Brown and Dybvig (1986) assume that

A(r.t) = /1\/% (2.6.8)

By substituting (2.6.8) and the appropriate parts of (2.6.5) into (2.6.7) and rearranging we find that:

I
k(@~r)P. + P +5- rh, =rP+ ArP.  ..(2.6.9)

Equation (2.6.9) has the terminal condition P(r,7T,T) = 1.0 and this allows an explicit solution to the

pricing equation to be written as:

P(r,t,T) = A(t,T)e ?"Dr  (2.6.10)

The parameters 4(¢,T) and B(t,T) are determined by the time to maturity and the coefficients
k,A,6 and o°. If other functional forms for the equations (2.6.1) or (2.6.8) had been chosen then an

explicit solution may not have been available and numerical solution methods would have been

required.

Equations ot the form of (2.6.1) have been suggested that have a range of attractive properties. For
example, short term 1interest rates can be made to remain positive or bounded by a positive value and
the short rate can be made to be mean reverting. The specification (2.6.10) results in the long term rate
of interest tending towards a constant that i1s independent ot the short rate of interest as the bond's

maturity is increased. Moreover, if r 1s mean reverting, an increase in r will result in the slope of the

term structure declining and the change 1n the slope and r are pertfectly correlated.

From (2.6.10) the short rate determines the level of long term interest rates and the long and short rates

are perfectly correlated. The reason for this is that the pricing equation is driven by a single state
variable, in this case short term interest rates. Perfect correlation is clearly at odds with the empirical
evidence and so the important question is not whether finance models can explain bond prices but what

proportion of the variance In prices they can explain. It should also be noted that unlike the
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eXpectations literature, reviewed in the previous section. the term structure 1s driven only by the

Instantaneous rate not explicitly by changes in expectations of future rates. It could be argued,
however, that time varying parameters, given a constant instantaneous Interest rate, do constitute
changes in expectations about the processes driving future interest rates. The difference between the

models may not be as stark as it first seems. It should also be obvious that there is no role for fiscal

policy in these single factor models.

Most of the empirical work has focused on single factor models with time invariant parameters. Table

2.6.1 tabulates various parameter values that have been suggested for the process given by (2.6.1).

Table 2.6.1 Parameter Values for the Model

dr = 0(6(t) — @(t)r¥)dt + O'(t)r}dX

Authors Parameter values Constant parameter
values

Vasicek (1977) | dr = o(6—r)dt + odX Yes
es

Cox et al (1985) (CIR) dr = 8(0—r)dt + ordx Y

Brennan and Schwartz (1979) dr = 0(6—r)dt + ordX Yes
b= i+ 0V

Hull and White (1990) dr = (6(t) - @(t)r)dt + o(t)r’'dX No

Note: this table is by no means exhaustive and other models can be fitted into this framework. See
Chen (1996), p.3. If v=1 and 6 =0 then f=—dw. If v=0then a = 0(6 - ).

The single factor, constant parameter models have been subjected to extensive testing see, for example,
Chan et al (1992) and Dahlquist (1994). The overall results indicate that none of the above models 1s

preferred by the data. Chan et al, using US data, find little evidence of mean reversion (although this 1s

hard to estimate from time series data) and a parameter on the levels term in volatility, 3 , well in

excess of unity. The former result is also found by Pagan et al (1995) and by El-Jahel et al (1996) for a
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Vasicek model but not for a Cox et al square root model. For the Cox et al model the mean reversion is

found to be implausibly fast as they imply that shocks are removed from the system within a couple of
weeks.=+ The size of the volatility term depends upon the estimation procedure used. If GMM is used
then the levels parameter is in excess of unity whilst if the simulation estimation procedure of
Gourieoux et al (1993) is used they are below unity in Pagan et al's study. El-Jahel et al also found a
parameter in excess of unity on US one, six and twelve month rates and .for one month UK rates.
Dahlquist's (1994) parameter estimates, using Swedish and Danish data, cannot rule out either the Cox
et al model or the Brennan-Schwartz formulation. Campbell et al (1994) and Pagan et al (1995) both
note that these parameter estimates are difficult to rationalise. Pagan et al (1995) state that “the

predictions from CIR type models are therefore diametrically opposed to the data”, whilst Campbell et

al (1994) conclude that single factor models are “too restrictive to fit nominal interest data”.2”

Consequently, work has developed upon a further generalisation of the single factor models to
encompass multiple factors. It 1s assumed that n state variables all follow continuous time diffusion
processes and there are n+1 traded securities that are dependent on up to n of the state variables. Using
a generalisation of Ito’s Lemma to several stochastic variables and the same arguments as employed
above, a second order differential equation can be derived which makes the price dependent upon the
erowth rates of the states of nature and the correlation of the volatilities of the states of nature. Two
factor models include: Brennan and Schwartz (1979), who use short and long rates, Fong and Vasicek
(1991) and Longstaff and Schwartz (1992), who use a short rate and its volatility and Brown and
Schaefer (1994), who use the long rate and the spread between the short and the long rate. Three factor
models include Dillen (1994) who uses a model including a World interest rate, a real exchange rate
and the inflation rate and Chen (1996) who uses the current short rate, the mean of the short rate and the
current volatility of the short rate. Duffie and Kan (1994 and 1996) define and analyse an n factor
model of the term structure although they note that empirical work suggests that only two or three
factors are needed in practice. There is no reason why an index of fiscal policy cannot be entered as

one of the factors, however, Duffie and Kan (1994) argue that to facilitate the pricing and hedging of

I ————

24 El-Jahel (1996) p.19 and table 3, p.20.
25 pagan et al (1995) p. 21 and Campbell et al (1994) p.31.
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derivatives it is more convenient to assume that the n factors are interest rates. Despite the extra
flexibility that multi-factors have over single factor models a number of empirical problems remain.
For example, Brown and Schaefer (1994) report that their model of the long rate for the UK gilt market

IS mean averting rather than mean reverting, whilst Steeley (1989) fails to find any statistically

significant parameters in his long rate process.

2.6.1 Hybrid Finance-Econometric Models

The problem of mean aversion and poorly defined parameters have led to further experimentation
within the single factor framework, although it is doubtful that these extensions can be used to value
~contingent claims. These experiments are hybrids between the finance and the applied econometrics
literature and whilst strictly in neither camp are treated as a subsections of the finance literature for
expositional purposes in this thesis. The first of these experiments, due to Steeley (1990), is to
generalise the mean reversion process by adding further lagged terms in the differences of short interest
rates in the spirit of Hendry (see Davidson et al (1978)). Unfortunately, this approach does not improve
the explanatory power of the equations, which often record R% of less than 10% using UK data.

Furthermore, the procedure means that certain combinations of coefficients can violate the boundary

condition of positive interest rates.

Another approach is to generalise the volatility process using forms of GARCH models2®. Pagan et al
(1995), Brenner et al (1994) and Koedijk et al (1993) have undertaken work of this type. All these
papers found a reduction in the coefficient on volatility but, as the paper by Pagan et al shows, they do
not necessarily remove the absence of mean reversion. Indeed in the Pagan et al paper interest rates
appear to be mean averting using an EGARCH model although the parameters, though statistically
significant, are quantitatively small4/. Bianchi et al (1997) using a semi-parametric method found that
the level of volatility was not monotonic in the level of interest rates. Essentially their model estimates
a relatively general diffusion model. The model's squared errors are smoothed against the level ot

interest rates and are used to proxy the variance. Their procedure can be thought of as a relation to

26 Steeley (1990) uses a GARCH model but does not allow for a level effect.
27 pagan et al (1995) table 4, p.8.
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GARCH models. They found that the volatility relationship changed after the UK's ejection from the

ERM. Neither Vasicek nor Cox et al models would be able to account for this feature of the

volatility.=8

Second, the models have been applied to real as opposed to nominal interest rates. Whilst Brown and
Schaefer (1994a) find evidence of a levels term in volatility, Evans et al (1992) find no evidence of
heteroscedasticity. Although Evans et al find evidence of mean reversion, the mean to which the model
reverts 1s zero. Although one of the attractive features of using real interest rates is that the boundary
condition of positive interest rates need not apply, it seems implausible to believe that the mean real
Interest rate was zero. This is because the data used are for the UK over the period 1870 to 1975, i.e. a
period which excludes much of the high inflation 1970s and 1980s when real interest rates were
significantly negative. Consequently, it seems likely that the model is misspecified, possibly through
Evans et al (1992) assumption that inflation expectations are simply the previous year's inflation rate.
An alternative view 1s that what makes the finance literature a useful way of thinking about interest rates

1s that boundary conditions are imposed thus using real rates where one of the conditions is missing

makes this approach less useful.

A third avenue of research is to note that the monetary authorities determine short term interest rates.
This means that the short term interest rate does not so much diffuse as jump as the monetary authorities
react to shocks. Moreover, the interest rates ratchet upwards or downwards for some periods rather
than attaining a maximum (or minimum) then returning to the long run mean. This causes persistence In
short term interest rates. Changes in the institutional arrangements can change the speed at which
Interest rates return to their long term levels. Thus taking account of monetary policy arrangements
may improve the fit of these models. An example of this can be found in the estimates of Bianchi et al
(1997) on UK two year bonds for periods pre and post the UK's exit from the ERM in 16 September
1992 Prior to this date the mean reverting interest rate was 10.3% and after this date it was 6.9% to

6.3% depending upon the model estimated.?” Whilst both the GARCH, the jump processes and

-

28 Qee Bianchi et al (1997) figure 3, p.13.
29 Bianchi et al (1997) table 2, p.10. For other work on jump processes see El-Jahel et al. (1996a).
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perhaps to a lesser extent the real interest rate routes are interesting avenues of research, the little

evidence available so far does not point to them as being unambiguously promising.

2.7 Flow of Funds Models

The third set of models of interest rate determination may be termed as the flow of funds models.
These models range from crude, ad hoc single equation models through to multi-equation models of the

entire financial system built (at least in theory if not always in practice) from optimising behaviour of

participants in the markets. There is a range of models between these extremes.

Under certain assumptions the portfolio balance approach provides a straightforward expression for the
yields on the assets in the investor's portfolio. Assume that the investor wishes to maximise their
expected end of period utility from their wealth, U(W). This is subject to the constraint that the return
on wealth is given by the return on the vector of (n x 1) assets in the portfolio, r, weighted by their share

in the portfolio, the (n x 1) vector, & . Using the assumption that transaction costs are zero and the

utility function exhibits constant relative risk aversion,3V i.e.:

WU W)U W) =c ..(2.1.1)

Where: c is a positive constant.
U’ is the second derivative.

U’ is the first derivative.

The problem is to: o

n _, C
max U : a‘r(' - = a a a’" ---(2.712)
a‘; Z—- S § 2 J

‘-'::

Subject to:

-3

[
30 This implies that the investor is less averse to risky projects the greater the investor's wealth. See
Layard and Walters (1978) pp.360-361 for a derivation of (2.7.1).
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Where: © ; 15 the covariance of returns between the ith and thejth assets.

Friedman and Roley (1987) show that the single period optimal shares of each asset in total wealth, &,

IS given by:

| S
X=—Br +A4 .(2.7.4)
C

Where: r" is the expected vector of returns, (n x 1).
B is an (n x n) matrix given by: B=Q7 —(d'Q7'd) ' Q7'dd' Q!
d 1s an (n x 1) vector of ones (unit vector).

(2 is the covariance matrix of assets returns.

A'is an (nx 1) vector givenby: 4 = (d'Q7'd) ' Q7 'd

(2.7.4) implies that asset demands are linear in expected returns and homogenous in wealth. If we treat

the supplies of assets as exogenous and assume that expectations are rational, i.e. the actual return

equals the expected return plus a mean zero, independently distributed vector of random errors, £ , then

(2.7.4) can be inverted to give an expression for the endogenous asset returns:

r=B c(ax—A)+¢€ ..(2.75)

As (2.7.5) uses the inverse of B the response of returns to changes in asset supplies is a complicated

function of the return's covariances and little in general can be said about the consequences of changes

In asset supplies. In a small four asset model (money, short debt, long debt and equity) the following

assumptions are required before simple analytical results can be derived. First, the return on one asset
(say) money is fixed. Second, all the assets are gross substitutes in the portfolio. Third, assets closer in
maturity are closer substitutes than those that are further away in maturity. It can be then shown that the
effects of increasing the supply of short assets, whilst reducing long assets to keep wealth unchanged,
will result in a rise in the return on the short asset and a fall in the returns on the long asset and equity.
If one is not prepared to make such strong assumptions about substitutability then the signs of the

effects of an open market operation described above becomes an empirical matter.
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Equation (2.7.5) can be estimated by regression techniques provided that the number of observations
exceeds (n-1). [tis (n-1) and not n because one asset has to be dropped due to linear dependence of the
asset shares through the adding up constraint. Frankel (1992) reports that such regressions “have

always been very imprecise and often implausible in sign or magnitude" and Friedman (1992) describes
his own results as "nonsensical" when he included non-financial wealth.3! An alternative has been to
directly parameterise the model using the observed covariance matrix of asset returns. Unfortunately,
there is a wide range of estimates for the constant relative risk aversion parameter, ¢, so that the size of
the return responses with respect to asset supplies can easily be doubled or halved. Indeed Agell and
Persson (1992) more or less suggest that this constant be made up to suit the priors of the
investigator.’~ Blake (1995) using data from a cross section of UK wealth holders finds that the
constant relative risk aversion parameter, c, varies between 47.6 for the poorest households to 7.88 for
the richest households with a weighted sample mean of 35.04. This suggests, if these results were
repeated in the rest of the economy, that the effects of changing asset supplies on rates of return would
be large, ceteris paribus. Green (1988), on the other hand, provides estimates using UK monthly data
for July 1972 to November 1977 that are negative at -141.1 for a model with adjustment costs and -
101.9 in a model without such costs. A negative finding is inconsistent with relative risk aversion and
probably indicates that other restrictions in Green's models do not hold. In particular the adoption of

rational expectations may be suspect as Green's data period includes the first post-war period of very

high inflation rates.

There are a number of other problems with flow of funds models that also besets regression analysis.
These include the choice of assets; the degree of temporal aggregation; the sample period and the
method of extracting the unpredictable component of asset returns from the total return to calculate the
covariance matrix. It is the unpredictable returns that are important because if all returns were
predictable there would be no risk and no need to build portfolios of assets to optimise the risk-return
trade-off. This leads to a further problem. If predictable returns are excluded (such as coupon
ments on gilts) then the return varies mainly due to changes in prices of gilts and other instruments.

pay

I
31 Frankel (1992) p.83 and Friedman (1992) p.100.
32 gee Agell and Persson (1992) p.37.
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[n turn these price changes alter the value of wealth and hence asset shares (unless all prices move by
the same amount in which case the asset shares would not alter). Consequently, the asset shares have to
be treated as endogenous, as do the elements of the return covariance matrix, unless it is assumed that

the changes in returns are achieved by changes in future asset prices leaving current asset prices

unchanged.

These problems were confronted by Agell and Persson (1992) who demonstrate, using US data, that
these considerations are empirically very important. A comparison of the return covariances and the
conditional covariances found that using a four-quarter VAR resulted in a marked fall in the
covariances.’> However, the qualitative results, that an increase in long term bonds and a matching
reduction in short term bonds raises the relative return on equity, remained unchanged. Agell and
Persson (1992) used a moving sample vector autoregressive model to extract the unpredictable
elements of real returns and to allow for these perceptions of risk to be time varying. They found that
the numerical values were highly volatile.3* Honohan (1980) in his study of UK life assurance
companies also used a Bayesian approach to update his covariance matrix. When the experiment was
repeated using monthly rather than quarterly data the responses, as measured by the change in returns
following a change in asset supplies, are larger and have a ditferent pattern over time.3° If, instead of

using historic asset returns to estimate the conditional covariance matrix, option data are used the

results become even more volatile.3©

The only area where changes did not seem to make much difference was when the prices of the assets

were made endogenous. Agell and Persson approach the problem of endogenous prices by either
allowing the current price to change or allowing the next period’s price to change but not both. The

results noted above all assumed that the current price remained constant and all adjustment was made

33 See Agell and Persson (1992) table 4.1 p.40 and table 4.3 p.44. The period covered was the first

quarter 1960 to the second quarter of 1988.
34 See Agell and Persson (1992) tigures 4.2a and 4.2b p.46. The period covered was the first quarter

1970 to the second quarter of 1983.
35 See Agell and Persson (1992) figures 4.9a and 4.9b p.58.
36 See Agell and Persson (1992) figures 5.1a and 5.1b p.62. The data period used was the final quarter

of 1985 to the second quarter of 1983.
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by the next period’s price. With endogenous current prices and current wealth the covariance matrix of

returns and the asset supplies (because all values of assets (except the numeraire) change when the
volume of one asset changes) are all different. Allowing for these effects muddies the waters as to the
magnitude of the effects of changing asset supplies on returns, even in simple three asset models
including a risk free asset. Using a VAR model to predict future expected returns and to calculate the
covariance matrix of returns Agell and Persson (1992) do not find that endogenous prices have any

significant empirical effects on the model’s properties.’/ However, Frankel (1992) claims that this is a

simple product of the method Agell and Persson (1992) used.

The mean variance model discussed above imposes so much structure that the parameters need not be
estimated statistically. The volatility of the parameter estimates suggests that the model's tractability
may have been gained by the sacrifice of empirical cohesion. Yet empirical works which have allowed
for richer dynamic structures have not covered themselves with glory. In a series of papers, Barr and
Cuthbertson (1989, 1990, 1990a and 1990b) review previous attempts to estimate asset demand
functions. They conclude that for the personal sector "such attempts have often yielded results that
conflict with the chosen theoretical model or intuitive a priorl views".38 For the overseas sector

"empirical results ... can only be described as 'mixed".>® They pass similar comments to these on asset

demand studies of other financial institutions (OFIs) and banks.40

Honohan tests various models using a constant elasticity of substitution utility function instead of a
constant relative risk aversion. Honohan (1980) notes that changing the effective sample size through
the Bayesian forgetfulness parameter altered the variances in a manner not susceptible to useful
summary. In general the larger the sample size the better were the parameter estimates.*! Nevertheless,
he describes his own work as unsuccessful.#*4 In one of his models the parameter estimates suggest that

returns do not enter the utility function only risk, and in another formulation wrong signs

37 See Agell and Persson (1992) Figures 6.1a and 6.1b p.77.

38 Barr and Cuthbertson (1989) p.2.

39 Barr and Cuthbertson (1990) p.2.
40 Rarr and Cuthbertson (1990a) p.1 and Barr and Cuthbertson (1990b) p.4.

41 Honohan (1980) footnote 12 page 27.
42 Honohan (1980) p.25.
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predominate.*3 Honohan (1980) concludes that these results suggest that either the mean variance

approach 1s a severe misspecification or that errors in the data may have distorted the results.44

Keating (1985) describes his work on the financial side of the London Business School model. This is
a monumental work covering nine sectors of the economy and thirteen assets. In fact it's sheer size and
the compromises this forces upon the model both via estimation. because of software limitations, and on
usability, because of the needs to run it simultaneously with the real side of the LBS model, led to
numerous problems. Not least of these problems was that although Keating claimed his model was a
modified version of Parkin's (1970) mean-variance framework he imposes the assumption that all the
covariances of asset returns are zero thus negating a large part of the foundations upon which he claims
his model is built. Moreover, as Keating assumes that banks and building societies price their deposits

as fixed mark-ups on the bill-market rate the correlation between the returns on these assets should be

unity.

Keating's modifications are to allow for adjustment costs of altering the portfolio, which are
Independent among assets because of the zero covariance assumption, and an explicit allowance for
rationing of certain assets during the estimation period. Keating's claim of reinterpretation the
covariance matrix to allow for the non-return utility derived from holding riskless assets seems to play

no part in the estimation of his model. The model deflates the wealth variables by the GDP detlator but
then omits to define the returns in real terms or allow the level and vaniability of inflation to enter the
model. The empirical results suffer some of the problems mentioned in connection with Honohan's
(1980) work. Unrestricted estimation resulted in coefficients which were theoretically unacceptable
and either had values imposed, for example the adjustment cost parameters for the gilts equations for
the personal sector and pension funds, whilst some parameters were set to zero without statistical
testing. Courakis (1988) points out that the remaining parameters are not subjected to any extensive
empirical testing and are intuitively implausible. For the personal sector time deposits are often the

most costly assets to adjust, and sight deposits are regarded as the most risky asset. In the company

-

43 Honohan (1980) p.28.
44 Honohan (1980) p.29.
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seCtor equities are regarded as the least risky according to Keating's estimates. One reason for this may

be that the iterative process used in estimation appears to have been stopped before the global solution
was tound. Thus the residual sum of squares for the personal sector equations are still falling by 6%

between iterations when the search was terminated.45 All in all, Keating's work well deserves Courakis'

(1988) description of it as an "Alice in Wonderland story" .46

Barr and Cuthbertson’s work moves away from the mean variance approach and builds asset demand
functions based on the “‘Almost-Ideal Demand System” (AIDS) of Deaton and Muellbauer (1980).
[nvestors minimise the costs of achieving a given level of .utility by altering the asset shares in their
portfolios. This results in equilibrium asset shares being determined by the prices of all assets (the
inverse of the expected real rate of return) and the investor’s real wealth. In the short run there are
costs of achieving this equilibrium. Barr and Cuthbertson (1989b, for example) use a generalisation of
the standard quadratic costs function to take into account the costs of adjusting other assets in the
porttolio. They are then able to write the change in the asset shares as a change in the long run
equilibrium demand plus (n-1) disequilibrium terms, lagged one period, in the other asset demands. (A
disequilibrium term drops out because the sum of the disequilibria must be zero.) As Barr and
Cuthbertson make clear they do not believe that costs can be characterised as quadratic and they prefer
to think of their specification as being a straightforward error correction mechanism. In this respect the
contrast with the work of Keating (1985) could not be starker. Barr and Cuthbertson do not provide
any discussion of the aggregation problems that may occur in moving from the demand functions of
individual investors to estimating demand equations on a sector wide basis. They simply instrument the
returns and the wealth terms to avoid this problem without any discussion of instrument suitability. Nor
do they provide any evidence that their assumption of separability, made to make the estimation

procedure tractable by limiting the number of alternative returns that need be considered, is correct.

Despite extensive attempts to purge data errors there are a number of empirical criticisms that can be

made of this series of papers. In part these stem from the desire to test both long run restrictions on the

e

45 Keating (1985) p.100.
46 Courakis (1988) p.625.
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parameters and use some of the techniques in cointegration theory. Unfortunately, most of the series in
Barr and Cuthbertson’s papers are I(1) so that the standard tests of statistical significance are not valid
in this framework. Nevertheless, Barr and Cuthbertson, who were aware of the problem, place

considerable weight on these results.4’ One reason for this problem is that, at the time, although the

problem was understood techniques were not available to surmount them.

Setting this difficuity aside and concentrating on the results for long gilt holdings, there a numerous
difficulties with these equations. For the company sector Barr and Cuthbertson (1989b) find that only
real wealth determines long gilt holding in the long term, relative rates of return and the own rate are
statistically insignificant. In the short term only the lagged disequilibrium in gilt holdings drive changes
in gilt holdings but the Box Pierce statistic suggests that the equation is misspecified.*8 A demand
function driven only by wealth seems intuitively unappealing. For the overseas sector the long run
equation for gilts fails the Dickey Fuller test for stationary residuals and in the long run alternative
returns play no statistically significant part in determining the asset shares.*” For the OFI sector in the
long run only the own rate and the rate on hire purchase lending enter the demand for gilts equation and
there is no wealth term only time trends.”Y In the short run equation there are no returns variables only
changes in the time trend and the disequilibrium form the long-run equation for company securities. In
particular there is no own long term disequilibrium term although the system 1is stable.’! For UK
banks. unless the coefficients on returns in the company securities equation are imposed, only the
foreign currency lending rate and real wealth are statistically significant.”4 In the short run equation

none of the terms are statistically significant.>3 For the personal sector Barr and Cuthbertson's (1989a)

results suggest that when symmetry is imposed on the long run return variables the error correction

47 Barr and Cuthbertson (1990a) p.9.

48 Barr and Cuthbertson (1989) table 2, p16.

49 Barr and Cuthbertson (1990) p.11 and table 2, p13.
50 Barr and Cuthbertson (1990) table 2, p.10.

51 Barr and Cuthbertson (1990a) table 3, p.11.

52 Barr and Cuthbertson (1990b) table 3a, p.22.

53 Barr and Cuthbertson (1990b) table 3b, p.23.
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terms, including the disequilbrium term from its own long-run solution, are statistically insignificant.

Moreover, the equation suffers from misspecification on the basis of a Ljung-Box statistic.”4

These results do not provide much confidence that the gllt asset demand equations have been
discovered. If the statistically insignificant terms were set to zero this would imply that when a single
return remained this too would have to be zero in order to maintain the adding constraint. Alternatively
It might be argued that because, say, the own rate was statistically significant the other rates have to be
retained otherwise a statistically significant term has to be dropped. In this respect it is disappointing
that Barr and Cuthbertson did not indulge in some experimentation to see what would happen to the
parameter estimates. Finally, although Barr and Cuthbertson claim that they have estimated demand
equations, there 1s no discussion about how they have identified this from the supply of securities.
Indeed, as they do not model the government sector or the supply of company sector securities the
model 1s incomplete and one is left with the impression that these variables simply adjust passively to
the demands for these assets. Whilst a vast improvement on the work of Keating (1985) there remain

too many problems with the system approach to make it an attractive option for modelling interest rates.

2.8 The Static 1S-LLM Models

It is sometimes alleged that a close relative of the IS-LM approach is the loanable funds approach,
which can be traced back to the writings of J. S. Mill, Hume and Ricardo.”® However, as Patinkin
notes “no logical significance can be attached to any distinction between these two analytical
frameworks”.°® Through Walras’ law they are simply manifestations of the same general equilibrium
framework. The same conclusions on interest rates would be reached whether the market for bonds was
substituted for the money market or, indeed, if the markets for money, short and long bonds were all
included in the analysis. For this reason the loanable funds approach does not require separate analysis
from that conducted in this section. This section analyses the IS-LM model including wealth etfects as
initially described by Christ (1968). Ricardian equivalence is ignored until a latter section.
I

54 Barr and Cuthbertson (1989a) table 9, p.34.

55 See Patinkin (1965) p.366.
56 Gee Patinkin (1965) p.377.
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In a closed economy the IS-LM model works as follows. An increase In government expenditure,
funded by an increase in government debt, raises demand in the economy both directly and because the
extra wealth in the form of government debt stimulates consumers’ expenditure. Accelerator effects
may also encourage greater investment and stock building. With the money supply assumed to be
fixed, the extra demand for money to accompany extra transactions, raises the rate of interest. This
eftect will be increased if higher wealth raises the demand for money for portfolio investment purposes.
The process will reach equilibrium when the increase in GDP is sufficient to increase taxes by an
amount equal to the increase in government expenditure so that the issuance of debt ceases. Even this
simple model has the potential for instability if the increase in money demand raises interest rates
sutficiently to crowd out other components of expenditure so that output actually falls and the deficit

and debt rise over time.”’

Whether unstable or not, the effect of an increase in government expenditure is to raise the nominal rate
of interest. The new equilibrium will see a balanced budget, higher government spending and higher
debt together with higher interest rates. Thus the same level of the deficit can be associated with
different levels of interest rates. Indeed, through the balanced budget multiplier an increase In
government spending which is matched by a rise in taxes, so that no new debt is issued, will also raise
interest rates. This is because the increase in taxes will be paid for, in part, from savings, and,
therefore, the increase in government spending will be greater than the decline i consumers’
expenditure. Consequently, activity will rise, pushing up interest rates provided that the money supply
remains fixed. The message from the simple IS-LM model is that provided the money supply 1s fixed
the rate of interest will rise following an increase in government expenditure. Moreover, a rise In
interest rates can be accompanied by an increase in government spending whether or not the budget

deficit and the level of debt rise. Thus models of interest rates require a measure of the money supply,

government spending, and the level of debt (assuming that the marginal tax rate remains constant)

rather than just the level of the deficit.

[
57 The probability of instability would be greatly increased if the government indulged in open market

operations to exchange bonds for money.
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The endogenity of the budget deficit can also lead to difficulties in interpreting its effects on interest
rates. Suppose that the private sector wishes to increase their capital stock and finances the increase by
Issuing bonds. The increase in investment expenditure raises activity and from an initial budget balance
causes the government’s budget to register a surplus.  With the money supply assumed to be fixed,
higher investment spending raises interest rates to equilibrate the money market. Hence, budget
surpluses are associated with higher interest rates and, as the government retires debt and the resultant
wealth effects reduce activity, interest rates will be seen to fall alongside a deterioration in the budget
surplus. Neither government spending nor the marginal tax rates have changed in this example only the
budget surplus/deficit. Hence, empirical models of interest rates that include budget deficits can
produce misleading results. A similar result could be obtained by looking at the asset demand and
supply equations. If private sector bond stocks were erroneously 1ignored a fall in the government bond
stock could be associated with rising interest rates because of demand substitution into newly 1ssued

private debt. The issuance of private sector debt has been incorporated into the debt terms used in

chapter 7 to study news effects on the term structure.

One 1important distinction examined by Barro (1987) is that between permanent and transitory changes
iIn government expenditure. In a closed economy model where consumption is determined by the Euler
equation, the marginal utility of consumption depends upon last period’s marginal utility multiplied by
the ratio of real interest rates to the rate of time preference. Assuming that there is no growth or
Increase in population, then consumers’ expenditure is constant over time in this economy.
Furthermore, the real rate of interest equals the rate of time preference. If there is an unexpected
Increase in government expenditure that is expected to be permanent this causes consumption to be
crowded out and to remain permanently lower. As consumers’ expenditure remains constant at this
lower level the rate of interest remains equal to the rate of time preference so that permanent changes in
covernment spending do not alter interest rates. If the increase in government expenditure is expected
to be only temporary then consumers’ expenditure 1s again expected to rise. As the Euler equation is
only driven by unexpected events and the previous period’s consumption this can only occur if real

interest rates temporarily rise above the rate of time preference when government expenditure falls.
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Hence, there is a need to distinguish between permanent and temporary changes in government

expenditure.

Furthermore, the long term interest rate, being a weighted average of future short term rates, rises when

government spending rises and remains higher throughout the period of high government spending
betore falling as government spending falls. Hence, the behaviour of long and short term interest rates
also differ for a transitory increase in government spending. Barro (1987) showed that UK yields on
consols and other perpetuities over the period 1730 to 1913 was positively and statistically significantly
related to temporary government spending. He also showed that it was positively statistically
significantly related to both the deficit to GDP ratio and the debt to GDP ratio. When the government
spending, deficit and debt terms were all entered they became statistically insignificant because of
colinearity of the terms. Consequently, there is no means of telling from this regression whether the UK
did exhibit Ricardian equivalence over this extended period. Barro's work again shows the problems ot
omitted variable biases in single equation studies of interest rates and this problem makes many single

equation models, e.g. Nunes-Correia and Stemitsiotis (1993), unreliable.

One problem with the IS-LM model is its comparative statics methodology. As the Increase In
sovernment debt depends upon the time taken to move to the new equilibrium, IS-LM models are stlent
on the quantity of new debt eventually created. If the new equilibrium requires a large increase in GDP
(because the marginal tax rate is low) which is accomplished quickly to bring the government's deficit
back to equilibrium, the debt to GDP ratio could be lower in the new equilibrium than in the 1nitial
equilibrium. Consequently, higher interest rates could be associated with either higher or lower debt to
GDP ratios. Thus researchers who claim that IS-LM models predict that a higher debt to GDP ratio
will result in higher interest rates are mistaken. All the model predicts is that higher nominal (and real)
debt will be associated with higher interest rates. The static nature of this model means that 1t 1s

unsuitable for empirical implementation and indeed there are no current UK macro models that could

be described in these terms.” %

I
58 For a defense of IS-LM see Patinkin (1990).
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Moreover, the prediction that higher government spending causes an increase in interest rates does not
necessarily pass through into an open-economy IS-LM model. In an open economy there are, in
principal, two regimes, a fixed exchange rate and floating exchange rate, which could be studied.
rlowever, the fixed exchange rate case implies an "equilibrium" when the government's deficit is just
matched by an inflow of foreign capital. For there to be inflows the rest of the World has to run, in
aggregate, a government budget surplus. Hence this "equilibrium" occurs with a continuing change in
the composition of wealth holdings and this can only be sustained if government debt and foreign
government debt are perfect substitutes. In this case domestic interest rates cannot deviate from the
World interest rate and a fiscal expansion has no effect on interest rates or on activity. If domestic
government debt and foreign government debt are not perfect substitutes then at some point the rest of
the World will be no longer prepared to hold more debt without an increase in the return or they may
not be prepared to hold more debt at all. Under these circumstances the "equilibrium" is just temporary

and, therefore, not equilibrium at all.

If the exchange rate is floating and capital is perfectly mobile the rate of interest is determined again by
the World interest rate, irrespective of changes in the government's deficit and debt. All that an
increase in government spending does is crowd out an equal amount of exports, leaving activity
unchanged, by appreciating the real exchange rate. However, if exchange rate expectations are formed
regressively, that is that the exchange rate was expected to return to it's original level, foreign investors
would require to be compensated for their expected capital loss (uncovered interest parity, UIP) and
domestic interest rates would rise above the World rate.>? Even with perfectly mobile capital it does
not necessarily follow that interest rates will be invariant to changes in government spending and debt.
However, regressive expectations on their own raise questions about why investors hold expectations
which are consistently proved to be false and seem an unlikely expectations process for investors to
hold give that an exogenous variable, government spending, has changed. Expectations that the

exchange rate will depreciate along an equilibrium path after a change in government spending, 1.e.

I —
59 £or models of this form see Dornbusch (1976).

55



rational expectations, are more appealing and these are discussed further below Moreover, these
models retain a basic problem because if the budget is in deficit the stock of debt rises without limit
and, eventually, no more debt will be accepted nto the World's bond portfolio. Arguments about the
country being small and hence unable to alter significantly the composition of the World's asset

portfolio is simply a delaying tactic to hide the model's short term nature and 1ts unsuitability for

analysis of this form.

2.9 Dynamic IS-LM Models

There are, however, models that allow a small open economy's interest rates to deviate from the World
rate without assuming regressive expectations. These models, associated with papers by Blanchard
(1981), Turnovsky and Miller (1984) and Turnovsky (1986) amongst others, are relatively simple IS-
LM formulations but even so they produce results about the dynamics of interest rates which were
missing from the IS-LM models discussed above. In particular, they allow for both a short and a long
rate of interest in their models. Allowing either the price level, GDP or government liabilities to adjust
only slowly to their long-run equilibrium through the use of a continuous time framework produces the
dynamics. The IS-LM models discussed above could only compare comparative static results and

hence the interesting dynamics are lost or have to be put together in ad hoc stories.

Each of the models is slightly different form.®Y Blanchard (1981) includes the price of equities in a
closed economy, Turnovsky and Miller (1984) have no equity effects but include the government's

budget constraint in a closed economy, whilst Turnovsky (1986) has an open economy without a budget

constraint and without equity prices. Despite these differences all these models produce three
interesting results. First, the behaviour of long and short interest rates can differ following a change in
fiscal policy and, second, that the behaviour of interest rates will differ depending upon whether or not

the change in fiscal policy 1s anticipated. Third, to clear markets short term interest rates may be

required to jump to new values.

U
60 A discrete time version of these models 1s presented in Chapter 8 where it is estimated and so these
models are not formally presented here.
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Despite their simple stylised forms these models produce behaviour that is dependent upon the models’

parameters. This i1s especially true when the price level is allowed to vary and the presence of inflation
Causes uncertainty about the real value of long term interest rates. In these models the real long rate is
the return on a perpetuity, the price of which can be calculated from the real cash flows divided by the
real discount rates. The Turnovsky (1986) model can illustrate this path indeterminacy. Although a
distinguishing feature of this model is the use of long-term rates in the aggregate demand function, in
the following exposition we suppress this, as it is not necessary to derive the results. It is also assumed
that the transaction demand for money is related to aggregate supply rather than the actual level of
aggregate demand. This enables questions of stability to be partly resolved. Furthermore, the choice of

nominal as opposed to real short term interest rates in the demand for money function also alleviates

further possibilities of instability.

For an unanticipated fiscal expansion the exchange rate appreciates to crowd out the extra demand. As
inflation i1s determined by the output gap, the difference between aggregate supply (assumed to be
exogenous) and aggregate demand, prices are unaffected. With no change in output and prices, there is
no effect on either real or nominal (long or short) interest rates which are determined by exogenous

World rates through uncovered interest rate parity and the condition that the holding period return on

perpetuities has to equal the short rate.

In the case of an anticipated fiscal expansion the results are less clear cut. The anticipation of
expansion causes the exchange rate to appreciate in advance of the increase in government expenditure.
This is because in the long run the exchange rate must appreciate to crowd out the increase in aggregate
demand so that it equals aggregate supply. It does not jump to its long run solution. If it did so the
money market would be unable to clear because the short term interest rate would remain constrained at
the World level. With an appreciation of the (real) exchange rate, demand falls below aggregate
supply, deflation sets in and this requires that short term interest rates fall to equilibrate the increase in
the real money stock with demand. Holding domestic short term instruments will, therefore, only be
acceptable if the exchange rate continues to appreciate and it will only do this if it is below its long-run

value. The appreciation of the currency 1s determined by the uncovered interest rate parity and this, in

57



turn, 1s determined by the elasticity of money demand with respect to nominal interest rates. If the
elasticity is large the decline in short term interest rates needs to be relatively small and, hence, the
exchange rate can be close to its long-run level. However, the greater the appreciation of the exchange
rate the larger will be the output gap and hence the greater the deflation. Consequently, real short term
rates are likely to rise immediately following the anticipation of a fiscal expansion if the elasticity of the

demand for money is relatively large (in Turnovsky’s (1986) model an elasticity in excess of one 1s

required).

Over time, the fall in output causes prices to fall further and to clear the money market nominal interest
rates have to fall further. The decline in nominal short term interest rates only ceases once the
expansion of fiscal policy has occurred. The path of real short run rates is less clear. If the exchange
rate appreciates at a greater rate than the price level falls, activity falls further and the rate of deflation
Increases so that short term real rates rise during the period before the fiscal expansion commences.
Alternatively, if the exchange rate appreciates at a slower rate than the price level falls, the fall in
activity will be moderated and so will the deflation. Consequently, the real short rate of interest will
decline until the fiscal expansion takes place both because the deflation rate moderates and because of
lower nominal short term rates. Depending upon the model's parameters, the real short term interest

rate just before the fiscal expansion is implemented may be higher or lower than before the fiscal

expansion was anticipated.

This story is complicated by the behaviour of the real long term interest rate. As it is assumed that the
holding period return on the perpetuity is equivalent to the short rate of interest the (real) long rate 1s
simply the cash flows discounted by the (real) short term rate of interest. Consequently, the long rate
reflects the short rate from both the period before and the period after the fiscal expansion. Hence to

know what happens to the long rate the behaviour of the short rate after the fiscal expansion has to be

understood.

Following the fiscal expansion demand is increased and this must be sufficient to cause the price level

to rise reducing the real money stock. Consequently, the nominal short term interest rate begins to rise,
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back towards the World short term rate. If demand did not rise above aggregate supply when the fiscal
expansion occurred, because there was excessive crowding out, then the price level would continue to
fall, as would nominal interest rates, and to ensure uncovered interest parity the exchange rate would
have to continue appreciating leading to further deflation. Hence, the system would be unstable.
Ruling this out assumes that the rise in the real exchange rate, in anticipation of the fiscal expansion,
only partly crowds out the increase in government expenditure. Thus, when the fiscal expansion occurs,

demand exceeds aggregate supply and prices begin to rise, raising nominal interest rates.

T'o offset the excess demand the real exchange rate has to appreciate further and eventually all the
increase in demand will be crowded out. This causes inflation to cease and, in equilibrium, the
exchange rate also stops appreciating. Nominal short rates have returned to the World level of interest
to ensure that uncovered interest parity is maintained. If aggregate demand and short term interest rates
have returned to their original level and the money supply has remained fixed then the price level as
well must have returned to its original level to ensure equilibrium in the money markets. Consequently,
nominal short term interest rates fall in anticipation of a fiscal expansion and rise back towards their
initial level after the fiscal expansion. Long-term rates, being a geometric average of future short term

rates, follow the same pattern, but the deviation from long run equilibrium is smaller because of the

forward-looking element. The actual degree of deviation will increase as the overall level of short term

interest rises because future coupon payments will be discounted more heavily and hence long-term

Interest rates will give increased weight to the near future.

At the time of the fiscal expansion real short term interest rates jump downwards because deflation has
been replaced by inflation and, consequently, real short term interest rates fall from above nominal rates
to below nominal rates. As the inflation rate falls the real interest rate rises but until equilibrium 1is

reached remains below the nominal short rate of interest. The real long rate of interest following the

fiscal expansion will be above the real short rate and will rise back towards the World short term

nominal rate, which is its equilibrium level. Its behaviour in the pre-expansion period, however, is
dependent upon the model’s parameters. If short rates are low, so that the future plays a large role in

determining current rates, then upon news of the fiscal expansion the real long term rate may fall
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(Whereas the real short rate initially rose), decline for some time, then begin to rise before the fiscal
expansion occurs. At that time of the expansion real long rates will still be below their equilibrium
level. An alternative, when the future is heavily discounted, is that long real rates initially rise with
short rates, but not by as much, decline until the fiscal expansion at which time they begin to rise again.
[n this case there is no jump in interest rates at the time of the expansion because the discounting
procedure smoothes this away. Finally, if real short rates rose during the period prior to the fiscal
expansion, long real rates may also rise, although at some stage they will begin to decline as lower real
short rates, following the fiscal expansion, will pull the long real rate below its equilibrium level.

Hence, real long rates will fall below their equilibrium level for at least some of the time prior to a

fiscal expansion.

From this relatively simple IS-LM model the following effects on the term structure from a fiscal
expansion can be discerned. The level of the nominal term structure falls upon news of a future fiscal
expansion with the curve inverting so that short rates are above long-term rates (assuming that the
structure was initially flat). Depending upon how much future short term rates are discounted, nominal
long rates may begin to rise prior to the fiscal expansion and at this time the inversion will have
disappeared and the term structure will steepen. At that time the level of interest rates will still be
below their equilibrium level but, with short rates falling and long rates rising, it is not clear how to
characterise the overall level relative to a period just after the announcement was made. Once the fiscal
expansion has occurred the level of interest rates begins to rise with the steepening of the term structure

slowly disappearing as both long and short rates return to the World short rate of interest.

In real terms the short term rate of interest rate jumps upwards on announcement of the fiscal expansion
but the long rate may either rise or fall, leaving the level of real interest rates ambiguous. Moreover,
the real term structure can either steepen or invert. If 1t steepens short term real interest rates must rise
during the period prior to the fiscal expansion and short term rates must be high to discount lower post
The steepening will be reduced over time and, prior to the fiscal expansion, the

expansion real rates.

term structure will invert. This inversion will be eliminated at the time of the fiscal expansion by the

jump downward In real short rates (caused by the change from deflation to inflation) so that the term

60



structure slopes upwards. Over time the term structure will flatten. In these circumstances the level of

interest rates nitially rises upon the news, becomes ambiguous at some point prior to the expansion,

falls at the time of the fiscal expansion and rises thereafter back to the World rate of Interest.

[f the term structure inverts upon the announcement the level of interest rates is ambiguous because the
real long rate can either rise or fall. Prior to the fiscal expansion the term structure may tlatten and then
steepen or the steepening may have to await the fiscal expansion but at some stage, either prior to or

after the fiscal expansion, the level of interest rates will be below the World equilibrium level.

Upon news of the fiscal expansion long term nominal rates initially fall, reflecting the future decline in
short term rates, then rise above short term rates as the higher short term rates, after the fiscal
expansion, are discounted less as time passes. The time at which long term rates rise above short term
rates depends upon the level of short term rates. If these are low then the long term rate will rise above
short term rates at an earlier time than if short term rates are high. Both short term and long term

nominal rates will asymptotically return towards the nominal World rate ot interest.

What these results highlight is that even relatively simple dynamic IS-LM models can produce complex
behaviour in interest rates. Moreover, the results can be different depending upon the whether
researchers focus on long or short, real or nominal rates and post-announcement or post-implementation
behaviour. Only in the post-implementation period for nominal rates does this model produce the
behaviour that most empirical workers seem to be testing for, 1.€. an increase In fiscal policy causes
interest rates to rise. Even in this case, however, fiscal policy has lowered nominal rates relative to
World rates. The results also depend upon the level of interest rates themselves so that, given these

change over time as World rates change, it is not perhaps surprising that research on interest rates based

upon IS-LM models have produced differing results.

Furthermore. these predictions do not spill over into the closed economy IS-LM models of Blanchard
(1981) and Turnovsky and Miller (1984). Without being tied in the long-run to return to the World rate

of interest a fiscal expansion will result in both short and long rates being higher. In the period
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Immediately following the expansion long rates will increase by more than short rates. so that the term
structure steepens, but this steepening will moderate over time as interest rates asymptotically approach
their new equilibrium. Essentially, the mechanism is that Increased demand following the fiscal

cXpansion requires a rise 1n short term interest rates to offset the increase in money demand and higher

short term rates, both in the present and the future, raise long term rates.

In the Blanchard model (1981) there are again a multiplicity of interest rate paths from the anticipation
of a fiscal expansions but these are simpler than in the Turnovsky (1986) model. The novel feature of
Blanchard's model is that equity prices determine wealth, which, in turn. influences aggregate demand.
The holding period return on equities and long bonds are the same as the short rate of interest through
arbitrage considerations. Higher output in the future will raise profits but this will be offset by higher
Interest rates so that the current value of equities may rise or fall depending upon which effect is larger.
[f the value of equities falls this will decrease aggregate demand and short rates will also have to fall to
ensure that the money market clears. If equity prices rise, short rates also rise to clear the money
market. In both cases the long term rate of interest rises. This is obvious in the case where short term
rates rise. However, in the case of a fall in short term rates long term rates rise. This is because the
level of interest rates is such that future higher short term rates (after the fiscal expansion) dominate the
effect of lower short term rates during the period between the announcement and the implementation of
the fiscal expansion. Suppose that interest rates were high; so that the future was totally discounted,
share prices would not fall and there would be no need for a reduction in short term interest rates. Short
term interest rates only fall if the future is important but if the future is important long term rates must
rise because future short term rates are expected to rise. Consequently, long term interest rates always
rise in Blanchard’s model. The result is that an anticipated future fiscal expansion may have ambiguous
effects on the level of nominal interest rates, although eventually after implementation they will be

higher. It will also cause the term structure to steepen and this steepening may either increase or

decrease until the implementation of fiscal policy. After the implementation the term structure always

begins to flatten out.
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The model of Turnovsky and Miller (1984) emphasises the adjustments of money and bonds to ensure
that the government's budget constraint is met with standard effects on the money and goods market
equilibria. An anticipated increase in government expenditure causes the long rate to jump upwards
because future short rates are correctly expected to be higher in the long-run. This reduces activity and
to ensure equilibrium in the money market short rates have to immediately fall. Hence, the term
structure steepens. Lower activity (because of higher long term rates) results in a government deficit
that 1s tinanced by an increased supply of bonds. This raises the demand for money and the level of
activity in the goods market. We will assume that this adjustment is stable, for expositional purposes,
and that government bonds are net wealth. The increase in the demand for money, with the real money
stock held constant, causes short term interest rates to rise over the pre-implementation period as do
long rates (because of the increase in short rates). If bond issuance was sufficiently large, activity could
be pushed back to the initial equilibrium where higher wealth would be offset by higher interest rates in
both the goods and money markets. In this case short term interest rates would rise above their initial

equilibrium but this is not necessarily true prior to the implementation of the fiscal expansion.

Upon implementation of the fiscal expansion in the Turnovsky and Miller model, activity increases
further and to ensure equilibrium in the goods market the short rate of interest has to rise. The long rate
of interest, being forward looking, has already anticipated this and does not jump upon implementation.
The increase in activity is insufficient to remove the government’s deficit and bond sales are used to
cover the government’s deficit. These cause activity to rise and increase the short rate of interest. Over
time the deficit is (assumed to be) closed and activity ceases rising, with both short and long rates

higher than their initial equilibrium. Consequently, the slope of the term structure is eliminated over

time following a fiscal expansion.

Despite the rich variety of interest rate responses dynamic IS-LM models of the type above do not
appear to have been explicitly estimated in the UK and if they have their workings have been buried
within the workings of much larger macro-econometric models. Chapter 8 of this thesis reports work

on the estimation of a version of these models and through the use of principal components even greater

flexibility is imposed on the term structure.
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2.10 Intertemporal Model of Fisher and Turnovsky

Although the IS-LM framework has continued in use to formulate interest rate models its defects are

well recognised. Indeed Evans (1987), a noted user of IS-LM framework, states that the “model 1S
neither microeconomically rigorous nor universally regarded as useful”.%! This view has led to analysis
being conducted in an intertemporal optimising framework where macroeconomic behaviour is
consistent with microeconomic optimisation. A noted paper in this framework is by Fisher and
Tumovsky (1992). They link long and short rates through the arbitrage form of the expectations
hypothesis. Consequently, with the short rate being determined by short term equilibrium in the real
economy, the long rate can be calculated in a recursive manner once the path of short rates is known.
Hence, there 1s no need to arbitrarily assign long rates to the IS function and short rates to the LM
function as in the models analysed above. They also analyse a number of different types of changes in
government expenditure. These involve the time horizon over which permanent changes in government
expenditure 1s expected. These are a zero time horizon (unanticipated); an anticipated increase with a

short time horizon; an anticipated increase with a medium time horizon; and an anticipated increase

with a long time horizon.

In order to achieve arbitrage, Fisher and Turnovsky assume that capital markets are perfect and
investors have perfect foresight with an infinite planning horizon. To ease analysis the price level is
fixed and considerations of money and foreign trade are excluded tfrom the model. These assumptions
introduce some of the problems of IS-LM and rule out other areas of macroeconomic research, such as

credit rationing. The ignoring of the money supply takes a step backwards from IS-LM and, therefore,

the model is not an unambiguous improvement over the IS-LM model.

The model assumes that the representative agent maximises discounted welfare from consumption and
leisure subject to a budget constraint that links consumption, investment in bonds and capital goods to

income from production, interest income from bonds and lump sum taxes. Variations in lump sum

[
61 Evans (1987) p.282.
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taxes, rather than bond issuance, ensure that the government’s financial constraint is always satisfied.
Hence, the rate of consumer time preference and the level of short term interest rates help determine

consumption and labour supply. The production function contains Just capital and labour supply.
Investment is determined by output from the production function minus consumption (which is
determined by the budget constraint and the welfare function) minus the exogenously determined
amount of government spending. In the steady state investment is zero and the marginal physical
product of capital equals the (exogenous) rate of time preference that, in turn, equals the short rate of
Interest. Fisher and Turnovsky assume that adjustments of the capital stock between steady states is not

Instantaneous and thus the short rate (and the long rate) can diverge from the rate of time preference

during the adjustment phase.

An unanticipated increase in government expenditure and lump sum taxes reduces consumption. This
raises the marginal utility of wealth and causes an increase in the supply of labour. The extra labour
supply raises the marginal product of capital which causes capital accumulation and the higher return on
Investment causes the short term interest rate to rise. As the extra investment raises the capital stock the
marginal product of capital and short term interest rates fall back to their steady state values.
Consequently, the effect of an unanticipated increase in government expenditure is to raise short term
Interest rates and have them decline until the transition is complete. Long term rates, being determined
by future short rates, also rise but not by as much as short rates and they also decline back to their
steady state level. The term structure inverts upon an unanticipated increase in government expenditure
with the inversion declining over the transition. The crucial aspect of this model is that labour supply
increases with an increase in government expenditure. If this did not occur a rise in government
expenditure would simply crowd out the same amount of consumption and there would be no eftect on
interest rates (this is the result obtained by Turnovsky (1986) discussed earlier). Similarly, if

adjustment of the capital stock were instantaneous there would be no effect on interest rates.

With an anticipated future increase in government expenditure the marginal utility of wealth again rises
initially but by less than in the unanticipated case because the future rise in government expenditure is

discounted. This sets in train the adjustments described above. However, if the time between
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announcement and implementation of the increase in government expenditure is long the economy can
Over accumulate capital. Thus the marginal physical product of capital is reduced to below its long run

equilibrium and so is the short term rate of interest. Once the fiscal expansion occurs it crowds out an

equivalent amount of investment so that capital falls and its marginal product rises pulling up short term
Interest rates towards their equilibrium level. Thus with a long announcement period short term interest
rates rise, fall and then rise again. Long term rates, being a weighted average of short term rates, follow
a similar path. However, if the transition period is extremely long, so that short term rates are below
their long run equilibrium for a long time, then long term interest rates can fall on the announcement of
a fiscal expansion. Long term rates will continue to fall until the future rises in short term rates (after
the fiscal expansion) dominate the short term declines. In terms of the term structure, an anticipated
expansion Initially causes the term structure to invert then flatten out before it steepens and then flattens
out again. Hence, Fisher and Tumovsky’s model, like the three models analysed above, has some
rather different implications from the standard IS-LM model. In particular, 1t demonstrates the

importance of expectations and the horizon over which those expectations are formed.

2.11 Ricardian Equivalence

A further area that requires discussion is Ricardian equivalence and its extension to incorporate
invariance propositions about open market operations as well as the more standard government

borrowing equivalence proposition resurrected by Barro (1974) and surveyed, amongst others, by

Seater (1993).

Ricardian Equivalence states that although government purchases affect interest rates the manner In
which these expenditures are financed (i.e. through debt or taxes) 1s irrelevant.%2 The reason is that
asset demands move one-for-one with changes in the supply of public debt because the private sector
perceives the extra debt as simply delayed taxation. The private sector increases its savings to pay oft
the debt and by buying the newly issued debt it can match the increase in obligations exactly. Barro's

(1974) contribution was to weaken the objection that debt falling due after the current generation's
I

62 Strictly this only refers to lump sum taxes, as taxes which change marginal tax rates can have effects
on labour supply thus altering aggregate supply and thus changing interest rates.
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enforce payment of taxes whereas the private sector is unable to enforce payment of interest. Therefore

the private sector restricts these individuals' access to the loan market thereby raising their discount

rates. It seems equally plausible to argue that these individuals are also outside the tax net whether
legally through low income or illegal through evasion. In such circumstances they will not receive tax

breaks and are not required to increase their savings. Thus Ricardian Equivalence may still hold even

with imperfect capital markets.

The third assumption that is violated is that of certainty of taxes. If the distribution across households
of the future tax rise is known but the aggregate total is not, simply holding the appropriate proportion
of the newly issued debt completely hedges exposure to future taxes. However, if the distribution
across individuals 1s not known individuals (if they have non-increasing absolute risk aversion) react to
an increase in future lump sum taxes by saving more than the current reduction in taxes.03 Hence the
results are the opposite of the standard case - a tax cut (a deficit increase) results 1n a fall in interest
rates. On the other hand, if taxes are income based the higher future taxes, which reduce the disperston
of future disposable income, reduce uncertainty. Lower uncertainty tends to increase current
consumption. If the method of financing current tax cuts raises uncertainty it will raise savings and
reduce interest rates. If it reduces uncertainty interest rates will rise. Therefore, it is not clear that the

use of non-lump sum taxes results in the return to the standard result of higher deficits leading to higher

Interest rates.

The fourth assumption that is violated is that taxes are not lump sum. With taxes imposed at a higher
rate on income than on expenditure, a lower tax rate in the current period, giving rise to a greater
budget deficit, could encourage greater work activity and higher savings (because after tax returns

would be higher because of the lower tax rate). Higher saving rates would tend to lower pre-tax returns
along side an increase in the budget deficit. In the following period when income taxes rose savings
would be reduced to maintain the desired level of consumption and rising interest rates would

accompany a falling deficit. These results are non-Ricardian but nor are they the standard “greater

-
63 See Chan (1983) p.363.
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Ricardian equivalence can also be extended to the analysis of open market operations, the issuance of

short and long term debt and the choice between the special features (index linking, or coupon paying

VETSus zero coupon bonds) attached to gilts (see Chan (1983) and Stiglitz (1988)). Unless there is a
market imperfection, a redistributive effect (perhaps through taxes being non-lump sum or through
some couples being childless), imperfect private substitutes for government bonds or unless the private
sector does not take into account the behaviour of the government alongside its own, debt policy will
not matter. This i1s simply because in a fully flexible economy the private sector has already selected its
optimal consumption path. Unless the government offers a new set of bonds that provide a
consumption path not previously attainable there will not be any effect on activity prices and interest

rates. In a sense, therefore, the equivalence propositions simply extend the theorems of Modigliani and

Miller (1958) to the government sector.

The model of Chan (1983) shows why open market decisions of government may be irrelevant. At time
tg the government 1ssues more discount long bonds to mature at time t] and redeems exactly the same
value of discount short bonds due to mature at time t§. As coupon bonds can be treated as a sequence
of discount bonds the limitation to discount bonds has no effect on the results. The exact number of

short term bonds being redeemed will depend upon the relative price of long to short bonds

p(t,,t, )/ p(t,,t;). There is no change in the current total value of debt, the government’s deficit
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