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Abstract

It isfrequently suggested that the globalisation of financial markets has
been responsible for reducing the scope for independent monetary policy
action by strengthening the relationship between national fixed income
markets. An associated concern isthat the linkages between these markets
become stronger in times of financial market stress. In this paper we
decompose the relationship between the government bond markets of
Germany, the United Kingdom and the United States. We find that the
yield curves for each of these markets are influenced by international
factors. Furthermore the impact of these factors increases significantly
during times of financial stress. We also find that while the total
covariation between these marketsisrelatively stable, components of the
covariance can vary substantially over time.



1. Introduction

The correlations between major asset classes are of concern to monetary
authorities and financial regulators alike - the potential for aworldwide
decline in consumption resulting from a dramatic fall in equity market
wealth could have seriousimplications for the health of both financial
institutions and the real economy. Thisconcernisreflected in the academic
literature, where an increasing number of researchers have tried to
understand the characteristics of these linkages and the nature of the process
by which information flows between markets. Perhapsthe main catalyst for
thisinterest in recent years was the equity market crash of October 1987.
This event more than any other highlighted the high levels of correlation
between national equity markets at times of extreme market stress.

International bond markets are also important. Typically, monetary
authorities are able to influence directly only the very short end of the term
structure.) But in principle the long bond rate is determined by
expectations about future short-term real interest rates and inflation. So
monetary policy actions affect the whole of the term structure. If the
covariation between government bond rates in different countries increases,
the ability of monetary authorities to influence the term structure may
decline.

Correlation between bond markets may arise through a number of channels,
for example: if investors hold internationally diversified portfolios; if there
isaworld price of risk; if real rates are determined by global factors; or if
thereisa'‘flight to quality’ in times of financial stress. Unconditional
measures of the correlations between major international bond markets
indicate that the linkages between these markets increased from the 1960s
until the early 1980s, but, according to Solnik et al (1996) and Christiansen
and Pigott (1997), these correlations have not exhibited a clear trend since
thistime. However, despite the fact that simple unconditional rolling
measures of international bond market correlations may not have been
trending up in recent times, the question of how much control monetary
authorities can bring to bear on the shape of the yield curve through changes
in short rates still remains. Another issue relatesto the extent (in terms of
duration and magnitude) to which the slope of theyield curveisinfluenced
by international factors during periods of financial crisis. Finaly, an
important and related issue is the extent to which co-movementsin long

@ For amore comprehensive view of such issues seeWoodford (1999).
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bond rates, or indeed the components of these co-movements, change
during periods of financial market stress. This paper addresses all of these
issues.

Using the intuition from the rational expectations hypothesis of the term
structure (REHTS) we decompose the long bond rates of Germany, the
United Kingdom and the United Statesinto two components.(z) Thefirst
represents the no-arbitrage REHTS projection of the long rate, while the
second represents an ex post measure of the risk premium. The
decomposition is achieved by using the Campbell and Shiller (1987) VAR
methodology. Each VAR that we estimate contains both domestic and
foreign conditioning variables, which means that we can separate that
portion of the variance of the slope of theyield curve that isinfluenced by
domestic factors from that portion that is driven by international factors. By
invoking the REHTS, we then turn our attention to cal culating a conditional
measure of international bond market covariation, decomposing this
measure into its REHTS and risk premia components. We extend our
analysisto consider the rel ationships between sterling and US dollar swap
markets, a relationship which to our knowledge has not been considered in
this context by previous researchers. Finally, because we estimate each of
the VARs on arolling basis, we can monitor the time variation in both the
variance and the covariance decompositions.

Our results suggest that there have been periods associated with financial
market crises when the slopes of the government yield curves studied here
are determined more by international than by domestic factors, for example
during the sterling exchange rate crisis of 1992. However, our evidence
suggestsin general that once the crisis has passed the yield curves again
become dominated by domestic factors. With respect to the covariance
between bond yields, we find that while the total covariance between the
marketsisfairly stable over time, the components of this covariance can
vary considerably. Therest of the paper is organised asfollows: in
Section 2 we briefly outline the relevant academic literature on the topic of
financial market linkages; in Section 3 we describe our methodology; in
Section 4 we present the data and our results; and, finally, Section 5
concludes the paper.

@ our techni que does not allow us to distinguish between more permanent risk premium
components and temporary contagion effects. However, for expositional smplicity, we use the
term risk premium in this paper to mean some combination of the two.
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2. Brief literaturereview

One of the main spursto research into financial market linkages was the
October 1987 stock market crash. Koutmos and Booth (1995) (amongst
others) find evidence to suggest that interdependencies between the world's
three major stock markets- London, New Y ork and Tokyo - increased
after the 1987 crash. This apparent increase in the linkages between
national equity markets could be due to the globalisation of finance, and
henceto an increase in the presence of ‘international investors'.
Alternatively, volatility transmission could be the result of contagion, as
proposed by King and Wadhwani (1990) where, for example, agents do not
assess the economic implications of news from an overseas market for
themselves and simply respond by ‘ shooting first and asking questions | ater’
(see Shiller, Konya and Tsutsui (1991)).

Some early studies of the informational linkages between markets
investigated the interdependencies between conditional first moments (see
for example Eun and Shim (1989), King and Wadhwani (1990), or Koch
and Koch (1991)) whereas more recent studies have focused on the
relationships between conditional first and second moments. Engle, Ito and
Lin (1990) examine the phenomenon of volatility clustering in foreign
exchange markets making the distinction between what they term *‘ heat
wave' and ‘meteor shower’ effects: the former referring to volatility which
is not transmitted to other markets, the latter referring to volatility which is
transferred between markets. The Engle et al study finds more evidence for
meteor shower than for heat wave behaviour in the foreign exchange datain
their study. Using daily dataon London, New Y ork and Tokyo stock
indices, Koutmos and Booth (1995) estimate a multivariate E-GARCH
model to test for spillover effects between the conditional first and second
moments of returns in these markets. While they find clear evidence of
such spillovers, they also find that the volatility transmission is asymmetric,
with negative shocks from one market having alarger impact upon the
volatility of another market than equivalent positive shocks. Following
King and Wadhwani (1990), other studies have couched the volatility
transmission issue as asignal extraction problem, where agentsin the local
market have to extract from any news event that portion of the newsthat is
relevant to their market. For example, Lin, Engle and Ito (1994) decompose
return surprises from one market into their global and local components
using Kalman filtering techniques.



An alternative approach to the analysis of the relationship between national
equity markets can be found in Ammer and Mei (1996), who use avariant
of the Campbell and Shiller (1987) variance decomposition for equitiesto
analyse the relationship between US and UK stock returns. From 1957 to
1989 they find that there has been an increase in the correlation between
both expected dividends and between risk premiumsin these two countries,
but that these correlations have changed little since 1989.

Finally, some researchers have al so considered the relationship between
bond and stock markets. Shiller and Beltratti (1992) and Campbell and
Ammer (1993) investigate the relationship between bond and stock markets
using the VAR approach of Campbell and Shiller (1987) to decompose
asset returns. Shiller and Beltratti find that the negative relationship
observed between real stock prices and long-term interest rates is much
stronger than the relationship implied by the simple rational expectations
present value model. Using asimilar VAR decomposition for US data,
Campbell and Ammer (1993) find that while most of the variability in
excess returnsis unexplained, that part of stock returnsthat can be
explained is driven mainly by news about future stock returns, while the
explainable portion of bond returnsis driven predominantly by expected
inflation. These results offer some explanation for the low correlation that
is generally found between the returns on these two long-term assets.

To our knowledge, far fewer researchers have investigated the rel ationships
between international bond markets (for an exception, see Dahlquist,
Hordahl and Sellin (1999)). The purpose of this paper then isto add to the
literature on financial market linkages by considering the links between
fixed income markets.

3. Methodology

Thetheory of uncovered interest parity (UIP) states that the difference
between the one-period return on holding any two assets denominated in
different currencies should be equal to the expected exchange rate
movement between the two currencies over the period, plus any risk
premium attached to the uncertainty about the exchange rate forecast.
Furthermore, the purchasing power parity condition (PPP) associates
expected exchange rate movements with the expected differential between
futureinflation rates. Using these theoretical considerations a number of
studies have tried to model the co-movements of international interest rates
by regressing domestic long-term bond yields, or the slope of the domestic
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term structure, on their foreign currency counterparts (see Beenstock and
Longbottom (1981), Booth et al (1985), Krol (1986), Murray and Khemani
(1989) and Booth (1991)). These studies interpret the high explanatory
power of these regressions as evidence of close links between international
interest rates.

In this paper we employ the rational expectations hypothesis of the term
structure to model long-term rates as averages of future short-term interest
rates plus arisk premium. Using the REHTS allows us to study the
co-movements of international long-term rates and also to differentiate
between that proportion of the covariation that is due to the theoretical long
rate and the proportion of the covariation that is due to the presence of risk
premia. Unfortunately our methodology does not enable us to distinguish
between the likely components of the risk premium, ie uncertainty about
futureinflation or future real rates.

3.1 Structural decomposition of bond market covariation

We begin by outlining a decomposition of the covariation between
long-term bond rates. To achieve this more structural approach to the
linkages between international bond markets we make use of the rational
expectations hypothesis of the term structure. Initsoriginal form the
REHTS defines current long-term interest rates as an average of expected
future short-term rates plus a constant risk premium. Given the
overwhelming empirical evidence against the pure expectations hypothesis
we adopt amore general version of the REHTS that allowsfor a
time-varying risk premium (see Evans and Lewis (1994)). For pure
discount bonds we can write:

_ €
Rt = Rt T RPct D

where R, , istheyield on ak-maturity pure discount bond; and R,f't isthe

sum of expected one-period interest rates:
e _1k1
Ret :;igoEtr:LHi )
where E, denotes the market’s expectations conditional on information
availableattimet and r,,,; istheone-periodrateat timet+i. RP,, isthe

risk premium at timet associated with buying along bond relative to rolling
over one-period bonds for the maturity of the k-period bond. In the absence
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of abond market risk premium, the fully anticipated rational expectation of
the long rate would, on average, equal the actual long rate (subject to
random, unsystematic errors); it isin this sense that we interpret the risk
premium required for holding government bonds as being the difference

between R, and R;. It can be shown that the risk premium, aswritten in

expression (1) above, isrelated to the variance—covariance matrix of the
relevant subjective one-period discount factors and inflation outcomes over
the life of the k-period bond (see Kozicki et al (1996)), ie uncertainty about
futureinflation and real rates.

Similarly we can define foreign bond rates as:
* e\’ *
Ret ™ Rt * R ©)

Given equations (1) and (3) the covariance between domestic and foreign
interest rates can be written as:

Cov(RR') = Cov(R®+ RP, R® + RP")
= Cov(R®R) + Cov(R®, RP") + Cov(RP,R%) +
+ Cov(RP,RP)  (4)

How can we interpret these components?® The first component in
expression (4) measures that part of the covariation between two bond
markets that can be attributed to the covariation in investors’ expectations
about future short-term interest ratesin the two countries. These
expectations will reflect considerations about the future path of inflation,
real interest rates and the monetary policy stance in each country, thusthis
component will hopefully reflect the part of the total covariation due to
these factors. The remaining components are straightforward. The second
(third) component represents the covariation between domestic (foreign)
long-horizon interest rate expectations and the foreign (domestic) interest
rate risk premium (as defined above). Finally, the fourth component
measures the covariation between domestic and foreign risk premia.

® It is possible to achieve this decomposition without invoking the REHTS. However, as
Shiller (1990) notes, while only the notion of risk neutrality need be invoked to justify this
decomposition, thisisnot a‘terribly attractive’ assumption. See Shiller (1990) for more
details.
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3.2 Generating expectations of future long rates

Onedifficulty in calculating the covariance decomposition given by
expression (4) is that none of the long-term interest rate componentsis
directly observable. Since the components of expression (4) depend on
long-horizon expectations of short-term interest rates we need some way to
condition these expectations. To this end we use the vector autoregression
(VAR) methodol ogy to calculate multi-period expectations of the long rate
(see Campbell and Shiller (1987)).“

Having chosen this VAR methodol ogy the next issue relates to the choice of
conditioning variables. In undertaking this exercise using US data
Campbell and Shiller (1987) use atwo-dimensional vector of state variables
that includes the changesin the short rate and the slope of the term
structure. An assumption inherent in such aformulation isthat investors’
expectations about future short-term rates are affected only by information
concerning domestic fundamentals as reflected in the short rate and the
slope of the term structure. However, since the aim of this paper isto
investigate the linkages between national bond markets, we condition
expectations about future long rates on both domestic and international
measures of the short rate and the slope of the term structure. Our intention
thenisto formulate a VAR using information from the bond markets of
Germany, the United Kingdom and the United Statesin such away that
interest rates expectations are jointly determined. Thisallowsfor possible
interactions between domestic and international components of long rates.
In order to achieve thisinteraction we expand the information set to include
information on three different term structures.®” Asaresult, the vector of
state variablesis defined as:

2t = [Dryyear t+Pfyear t D1year t S0Pt Soper , Sopey ¢ (5)

where the superscripts” and " relate to the first and second *foreign’
markets respectively.

“ For amore detailed discussion of alternative methodol ogies used to evaluate multi-period
expectations of unobserved variables and their shortcomings relative to the VAR approach, see
Campbell and Ammer (1993).

©) The number of countriesincluded in the vector of state variablesis limited only by data
availability.
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Having chosen the information set we can follow Campbell and Shiller
(1987) and define the theoretical slope of the term structure under the

expectations hypothesis, S{f ¢ as

e _ €
Skt = Rict - "t (6)

Substituting (2) into (5) we get:

x|~

e _
St =

k-1
a (k- DE(Drygia) (7)
i=1

where D denotesthe one-period backward difference operator defined as
Dr tsivs = Fsiss - s - Similar expressionsto (6) and (7) hold for Skeft

and . .

To estimate the expectations of future short-rate changes, we assume that
the vector of state variables defined by (5) follows afirst-order VAR
process:

zt = Az 1+ W, (8

where Z, isthe vector of state variables given by (5), A isthe matrix of

the VAR coefficients and W, isthe vector of residuals. By including the

interest rate changes rather than the levels we ensure stationarity in the
VAR. Furthermore, for reasons of notational simplicity and computational
convenience we de-mean the variables before including them in the VAR.
Finally, we note that the assumption of the first-order VAR processis not
restrictive.®

Based on this formulation the long-horizon expectations of changesin
one-period interest ratesj periodsin the future, j=1,...,k-1, can be estimated

by:

© Campbell and Shiller (1988) demonstrate that it is straightforward to modify the model to
alow for ahigher VAR order.
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y
Et(Dr 1) =y Alz, (9)

E.(Dx....)=hlAl
t(Drpej) =hpA'z (10)

and

* % T 1
E¢(Dry ¢4 j) = hgAlz, (11)

where hT =[1,0,0,0,..], hI =[0,1,0,0,..] and h} =[0,0,1,0,..]

are used to pick out the first, second and third element of the state vector.
Once the matrix A of VAR coefficientsis estimated then for eacht,
t=1,...,T, the expectations of future changesin interest rates can be
generated using expressions(9), (10) and (11), and the theoretical term
structure slopes by using expression (7). We can calculate the theoretical

long-term interest rate by solving (6) with respect to let . Thedifferences
between the theoretical and actual long-term rates provide an ex post
estimate of the domestic and foreign bond market risk premium, RP ;. It

should be noted that it is not possible to distinguish between the potential
components of thisrisk premium measure such as uncertainty about future

vk *
inflation rates, or future real rates of return. Estimates of RE,[, Rpkt and

Rke*: , RP;*t are produced by asimilar procedure.” Given the estimated

theoretical long rates and the risk premia, then for each pair of countries,
components of the covariance between actual interest rates can be
calculated using expression (4).

Our intention is not only to identify the covariance components and the
importance of domestic and international factorsin determining interest
rates, but also to examine how these derived variables vary over our sample
period. To capture this effect we adopt arolling estimation procedure

) These premia estimates will be accurate provided that we include in our mode! all the
relevant information that investors use to form their expectations about future interest rates and
that the dynamics of the VAR are correctly specified. If these conditions are not met then the
estimates may be biased.
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where the VAR described above is estimated using one years’ worth of
data. Wethen roll forward the estimation window by one week and repeat
the procedure outlined above until the end of the sample period. By doing
this we can generate atime series of the components of expression (4).

Finally, the estimation of a VAR allows us to decompose the variance of the
slopes of both the domestic and foreign term spreads, a procedure which is
now common practice in papers using unrestricted VARS of the kind used
here (see Sims (1980) for a description of the technique). The variance
decomposition provides us with an estimate of the proportion of the
movement in one variable that can be attributed to shocks in other variables
inthe VAR. Since we estimate the VARs on arolling basiswe also create a
time series of this variance decomposition allowing us, for example, to
gauge the time-varying impact of shocksto overseasinterest rates on the
slope of the UK yield curve.

3.3. Extending the analysisto interest rate swaps

Interest rate swaps are contracts that allow two counterparties to exchange
fixed for floating interest rate payments. The fixed rate of the swap is
usually defined as the rate of the underlying government bond plus a
mark-up, known as the spread. This spread is often used to make inferences
about default risk in an economy, eg the sterling (US dollar) swap spread is
often used in the financial press as ameasure of default risk in the United
Kingdom (United States). It is possibleto extend the VAR methodology to
investigate the importance of domestic versus foreign factorsin determining
the size of the swap spread enabling us, for example, to trace the time path
of the apparent credit crunch that affected interest rate swap markets after
the recent Russian debt crisis.® The main aim of thisanalysisisto identify
periods in which conditionsin international swap markets override domestic
factors as the driving force of swap spreads. During these periods the
interpretation of the spread as an indicator of aggregate domestic default
risk® may be misleading.

Previous research (see for example Sun, Sundaresan and Wang (1993) or
Minton (1997)) has shown that long-term swap spreads are affected by

© Although we cannot meaningfully decompose the rates into their ‘theoretical’ and risk
Premi um components as we did for the government bond yields.

%) See for example  Swap spreads show anew aversion to risk’, Financial Times, 10 August
1999, page 24.
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changesin the slope of the term structure. Hence we can define the
following vector of state variables:

2, =[Dhyyear - Dy ¢ » S0PG, S0P, SWapspread,, swap spread; 1¢
(12)

The analysis of swap spreads has been limited to only two countries purely
dueto dataavailability, as discussed in the following section. Using the
vector of state variables given in expression (12) we can again calcul ate the
rolling variance decomposition, as outlined in Section 3.2.

4. Data

4.1. Datadescription

We estimate the VARs using weekly one-year and ten-year US, UK and
German interest rates. These are zero-coupon interest rates estimated from
the prices of coupon-paying government bonds using the Svensson
methodology (Svensson (1994, 1995)).%% The zero-coupon data available
for the three countries begin on different dates: from January 1979 for the
United Kingdom, from August 1990 for the United States and from October
1991 for Germany *? Given that the VARs are jointly estimated for three
countries at atime, the estimation period for each VAR is set equal to the
period over which overlapping data between the three countries are
available. Descriptive statistics for the data used are givenin Table A.

In addition we extend our analysisto interest rate swap spreads. Only
sterling and US dollar swap rates were available to us for a sufficient span
of time. The swap data span the period from August 1990 to August 1999.
From zero-coupon swap rates®® we subtract the equival ent-maturity
zero-coupon interest rate estimated from the appropriate Svensson yield
curveto provide estimates of the sterling and dollar swap spreads.

9 More details on the implementation of the Svensson methodology and the estimation of
zero-coupon term structures are provided in Appendix A.

UV From January 1999 the German rates are replaced by euro interest rates,

@) Appendix B gives more details about the estimation of zero-coupon interest rates estimated
from swap rates.
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4.2 Results

We now present the results relating to various versions of the VAR outlined
in Section 3 above. This VAR is estimated using government bond market
datafor Germany, the United Kingdom and the United States. We also
estimate the VAR given in expression (12) using swap market data. We
begin by discussing the results of the variance decompositions of these
VARs and then move on to discuss the decomposition of the covariance.

4.2.1 Variance decomposition results

In Chart 1 we present the variance decomposition for the slope of the US
yield curve, based on aVAR that includes German, UK and US variables.
The chart reports the proportion of the variance of the slope of the term
structure that can be attributed to shocksin the variables of the VAR, 26
weeksinto the future. The variance decomposition results presented here
could be based on coefficients that are poorly determined. To test for this
possibility and to test for causation between foreign influences on the
domestic term structure, we test anull hypothesis that the VAR coefficients
relating to the foreign variables are jointly insignificant, ie that they do not
help to predict the domestic slope and interest rate change. We undertake
thistest on arolling basis. Intheinterests of brevity we do not report the
resultsin detail here, however wefind that for all of the VARs presented in
this paper the null hypothesis of no foreign influence on domestic interest
rates can be rejected for the majority of the sample period considered here,
and in particular for the ‘ crisis’ periods.®

One known shortcoming of the VAR methodology is that the variance
decomposition results may be influenced by the ordering of the variablesin
the VAR. Inour VAR thefirst variable in the state vector is the changein
short-term US interest rates, followed by the change in German and then
UK short-term rates, which are followed in turn by the slopes of the US,
German and UK yield curves. Theraison d etrefor this ordering is that
shocks to short-term rates should affect the slopes of theyield curves. The
ordering of the countries, with the United States first then Germany and
then the United Kingdom, reflects our priors of the importance of these
economies and their respective bond marketsin a global sense®

@3 An dlternative way of interpreting these resultsis that dual causality, in the Granger
causality sense of the term, exists between these markets. These results are of course available
on request from the authors.

@4 Experimentation with alternative orderings did not change our general results.
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Chart 1 shows that on average 60% of the slope of the USyield curveis
determined by US variables, and therefore that there is a significant
international component in this slope on average, during four periodsin
particular. Thefirst period relates to the sterling exchange rate crisis when
the United Kingdom was forced out of the ERM in 1992. During this
period the German government bond market was exerting a considerable
influence upon the US slope until ‘normal service’ was resumed in early
1995. The second period of international influence relates to a period of
monetary easing in Germany in preparation for the third stage of EMU in
1996. This easing was followed by a wave of associated monetary easings
across other EU countries. This monetary easing was al so associated with
considerable EU convergence trades across international bond markets at
thistime. Thethird period appearsto relate to the Asian crisis of 1997,
while the fourth relates to the Russian debt crisis of 1998. These last two
episodes were of course widely recognised as ‘international crises’, and
therefore we believe that the UK and German markets are proxying here for
wider international influences. Finally, and perhaps most importantly, we
should note that after each of these four periods domestic factors gradually
returned as the dominant influence over the slope of the USyield curve.

In Chart 2 we report the variance decomposition results for the slope of the
German curve. On average, 70% of the slope of the German yield curveis
determined by the German variables in the system. Thisis particularly true
during the ERM crisis where variation in the German rates accounts for
almost 100% of the variation of theyield curve. Theresults also indicate
that the crisisin Asian financial marketsin 1997 and the Russian debt crisis
in 1998 both had arelatively large influence, viaUK and US bond markets,
on the term structure of German government debt. Finally, we might also
note that there has been an increase in the influence of US bond marketsin
the second half of our sample.

Chart 3 reports anal ogous results for the factors influencing the slope of the
United Kingdom’'syield curve. The results show that the UK term structure
isinfluenced the most by international factors, with just |ess than 40% of
the slope on average being determined by the UK variables in the system.
The German bond market exerts a large influence on the UK bond markets
intwo periods. Thefirst period coincides with the ERM crisisin 1992. The
second, spanning 1995 and 1996, coincides with the loosening of German
monetary policy during this period, as outlined above. Interestingly, there
are also two periods where the US bond market influences the UK bond
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market. Thefirst followsthe ERM exchange rate crisis period in 1993 and
1994. The second period arguably begins before, but reaches a peak during
the financial crisisin Asian markets and remains high until the impact of the
Russian debt crisis declines towards the middlie of 1999. Finaly, Chart 3
also shows the brief but dramatic impact of the Mexican crisis of 1994,
revealing itself as a sharp increase in the proportion of the volatility of the
UK yield slope that can be explained by US bond market variables.

We could summarise these results as follows: the variance of the slope of
the UK yield curve appears to have been influenced most by international
bond market factors, particularly the US market; the variance of the slope
of the USyield curve has tended to have been influenced by domestic
factors, though there have been significant periods of time when its variance
has al so been affected by international factors; finaly, the variance of the
slope of the German yield curve appears to have been the most domestically
orientated of the three markets studied here, particularly during the early
1990s*

Finally, we consider the variance decomposition of the relationship between
the US dollar and sterling swap marketsin Charts4 and 5. Thefirst
variablesin the VAR are the changes in short-term rates, followed by the
term structure slopes and finally by the swap spreads. The USdollar
variable always precedes its sterling counterpart. When we consider

Chart 4, we can see that the variance of the US dollar swap spread is
virtually unaffected by the sterling spread, while the slope of the UK yield
curve on average determines 15% of the variance of the US dollar spread.
The main factor affecting the US dollar swap spread, other than own
variation, is movementsin the slope of the US term structure. Thisreflects
the way practitioners price interest rate swaps relative to government bond
yields with similar maturities. In contrast to thisresult, Chart 5 shows that
the variance of the sterling swap spread isinfluenced by the slope of the US
yield curve. Perhaps more importantly, it is heavily influenced by the US
dollar swap spread towards the end of our sample, a period beginning with
the Asian financial crisis and extending into the period surrounding the
Russian debt crisis.

The results with respect to the sterling swap spread should act as a potential
warning for those who believe that swap spreads are an indicator of
domestic financial conditions. While this might be true for the US dollar
swap market, clearly at the end of our sample the sterling swap spread was

@) Thisresult isrobust to aternative VAR orderings.
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being more heavily influenced by developmentsin the US bond and US
dollar swap markets than by UK factors.

422  Covariance decomposition results

We now turn to the results of decomposing the covariances between the
major government bond markets. In Chart 6 we present the unconditional
covariance between UK and USlong bond rates. In keeping with the results
of Christiansen and Pigott (1997) and Solnik et al (1996), we find no sign of
an obviousincrease in the total covariation between these two markets
during the 1990s, which is always positive, although very close to zero for
much of the period. Interestingly this covariance measure reaches a peak
during 1994, not during the sterling, Asian or Russian crises. Chart 6 also
shows the covariance over time between the REHTS-derived measures of
expected long rates. The fact that this measure of covariance does not
alwaystrack the total covariance closely indicates that, at times, the
covariance between these marketsisinfluenced very strongly by risk
premium effects. This corroborates our previous findings that at times
international factors exert considerable influence on the determination of
the domestic interest rates, overriding in many cases considerations about
domestic fundamentals. There are two such periods. First, during the
sterling exchange rate crisisin late 1992. The covariance between the
REHTS-derived expectations of the two long ratesindicates that the
relationship should be strongly negative, reflecting the fact that the two
economies were at different stagesin the business cycle. However, since
the total covarianceis positive thisindicates that there were strong risk
premium effects present at this time offsetting the influence of respective
domestic economic conditions. The second notable deviation between the
two series occurs during the Asian economic crisis, where domestic
economic fundamental s were implying a negative covariance, but the
impact of the crisis, which raised the total covariance between the two
markets over this period, combined to produce a positive relationship.
Finally, we also note that there are also times when the REHTS-derived
covariance term suggests a more positive rel ationship between the two
markets than can be seen from the total covariance measure.

In Chart 7 we present anal ogous results for the US-German covariance
decomposition. Thetotal covariance between these two markets peaksin
1994. Thereisanoticeable but small increase in this variable following the
Asian crisis, which persists until the end of our sample. Again this measure
isalways positive and close to zero for asignificant portion of the sample.
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When we consider the difference between the total covariance and the
REHTS-derived measure for the German-US pair, the results are in sharp
contrast to those involving the United Kingdom and United States. The
REHTS-derived measure, with the exception of two minor, short-lived
episodesin 1995 and in 1998, follows the total covariance measure fairly
closely. Againthisevidenceis consistent with our previous findings.
Variance decomposition results showed that, in contrast to the United
Kingdom, the US and German yield slopes exhibit a smaller degree of
variation dueto international shocks. Thisresult could betaken to indicate
that the covariance between these two marketsis driven more by
macroeconomic fundamental s than by risk premia.®®

Thetotal covariance between the UK and German government bond
markets, shown in Chart 8, reaches a peak in 1994 and remains positive but
fairly low and stable during our sample period. The sterling, Asian and
Russian crises again seem to have had little impact upon total covariance
over thisperiod. There appear to be at |east three periods where the

REHT S-derived covariance component diverges substantially from the total
measure. Thefirst of these periods occurs after the United Kingdom’ s exit
from the ERM in 1992, when the REHTS measure is strongly positive,
whilethe total covariance measure remains positive, but small. This
divergence suggests that the covariance between foreign risk premia and the
REHTS measure of interest rate expectations is very negative over this
period and analysis of this series confirms thisto betrue. During 1994
when the total covariance measure is at its maximum the REHTS-derived
measure is negative for a period indicating strong positive correlations
between risk premia. Finally, towards the end of our sample we see that the
REHTS measure isindicating that the markets should be positively
correlated while the total measure remains low, once again indicating that
the risk premiarelated covariance components are negatively correlated
with one another, and with the REHTS measure.

One caveat that we should add to our conclusions isthat there have been
instances in the past where G7 countries have tried to coordinate monetary
policy, most notably during times of financial stress (for example during the
Russian debt/LTCM crisis). It istherefore possible that some of our results
will be influenced by such coordination. In other words, where our
statistical resultsindicate ‘foreign influence’ and therefore ‘loss of control’
on the part of domestic monetary authorities, this|oss may be the result of

@9 Although we are not suggesting that risk premia are not part of what is fundamental to our
economic understanding of such phenomena.
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welcome international coordination. Although the fact that international
efforts are required in the first place must indicate some loss of domestic
control.

5. Conclusions

In this paper we examine the significance of domestic and international
factorsin determining the slopes of the US, German and UK yield curves.
Our main finding is that at times of global financial turmoil, like the sterling
exchange rate crisis of 1992, the Asian financial crisis of 1997 and the
Russian debt crisis of 1998, these slopes respond mainly to international
factors, presumably as global investors reall ocate their bond portfolio
holdings and local investors readjust their expectations about domestic
interest rates. We also examine the decomposition of the covariances
between the US, German and UK long-term interest rates. Our
decomposition of the covariance between these government bond markets
indicates that risk premia and/or contagion effects have played an important
role during these periods, moving the covariance between the markets away
from where we might have expected them to be if international bond rates
were determined solely by the REHTS arbitrage.
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Table A

Descriptive statistics

Rates From To No. obs Mean St. Dev. Min. Max.

USinterest rates

1lyear 15-Aug-90  08-Aug-99 456 5.23 1.07 313 7.99
10years 15-Aug-90  08-Aug-99 456 6.64 0.94 455  8.90
Slope 15-Aug-90  08-Aug-99 456 1.42 1.01 0.04 3.63
UK interest rates

1year 15-Aug-90  08-Aug-99 456 7.06 1.93 471 13.37
10 years 15-Aug-90  08-Aug-99 456 7.71 1.62 416 11.62
Slope 15-Aug-90  08-Aug-99 456 0.66 1.30 -1.87 3.10
DM interest rates

1lyear 09-Oct-91  08-Aug-99 408 5.01 1.91 2,55 10.68
10 years 09-Oct-91  08-Aug-99 408 6.33 1.15 3.77 853
Slope 09-Oct-91  08-Aug-99 408 1.33 1.36 -1.87 354
UK swap spreads

10 year 15-Aug-90  08-Aug-99 456 0.38 0.20 0.00 1.05
US swap spreads

10 year 15-Aug-90  08-Aug-99 456 0.36 0.16 0.10 0.89

24



Chart 1: Variance decomposition of US slope
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Chart 2: Variance decomposition of DM slope
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Chart 3: Variance decomposition of UK slope
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Chart 4: Variance decomposition of the 10-year US swap spread
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Chart 5: Variance decomposition of the 10-year UK swap spread
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Chart 6: Decomposition of covariance between 10 year US-UK interest rates
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Chart 7: Decomposition of covariance between 10 year US-DM interest rates
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Chart 8: Decomposition of covariance between 10 year DM-UK interest rates
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Appendices
A. Theestimation of the term structure of interest rates®”

The term structures of US Treasury zero-coupon bonds are provided by the
Bank of England. Here we provide a brief discussion of the relevant issues.

Fﬁ’ ,i=1,...,n, isthe price (clean price plus accrued interest) of anith
maturity bond at timet. The bond P|(t3 pays a stream of cash flows, C.

(including redemption payments) at times M, - The vector of discount

bonds corresponding to the coupon-paying bonds can be estimated from the
following non-linear model

F’lft3 =5}Cijd(mij,8)+eij, i=1.,Nn (A1)

where d(m i 3) isaparametric discount function with parameter vector

B=(bg by by batyty).

@7 This appendix is largely based on the work undertaken by the Monetary Instruments and
Markets Division at the Bank of England. See Bianchi (1997) and Andersonet al (1996) for
more details.
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The functional form selected by the Bank of England is based on the
Svensson (1994, 1995) generalisation of the Nelson and Siegel (1987)

model. According to Svensson the term structure of zero-coupon yieldsis
given by

y(mRB)=b,
+b11-e
m/t
6 .m0 (A2)
gl-e's T
+ -e 'y
Cmit, u
g H
Lot
-e? ©u
+b -e'ry
*®mit, u
& t
and the discount functionis
m,R) O
d(mR) = epes yme o (A3)
e 100 g

Equations (A2) and (A3) are substituted in equation (A1) and the parameter
vector (3 isestimated viaanon-linear maximisation algorithm.
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B. Swap market data

The most common type of interest rate swap is the fixed-to-floating par
swap. Thisisacontract between two counterparties to exchange future
cash flows or equivalently to exchange interest rate risk positions. One
party of the swap, namely the fixed payer, agrees to pay on each payment
day until the maturity of the swap an amount equal to afixed interest rate
applied on anotional principal. In return, the fixed payer receives from the
other counterparty, the floating payer, cash flows based on the same
notional principal but calculated with respect to afloating interest rate, eg
LIBOR rate. The payments of these cash flows usually occur either
annually or semi-annually.

The technique used to infer the prices of zero-coupon bonds from swap
ratesis called bootstrapping and is based on the fact that interest rate swaps
are par instruments with zero net present value. In the case of US dollar
swaps, where the swap cash flows occur annually, the prices of discount
bondsimplied by the swap market are given by:

_1s(8a,h)
1+sa,

By,

(B1)

where § istheswaprate, i =12,...,t andtheaccrual factorisa; ,; 4%

The only problem is that swaps are available one for 2, 3, 4, 5, 7 and 10
years of maturity. Thusalinear interpolation has to be used to get an
estimate of the missing swap rates.

In the case of sterling swaps, where the swap cash flows occur
semi-annually the calculations are slightly more complicated.™® If the
swaps make semi-annual payments then we have to use swap rates every
half ayear in order to calculate the zero bond prices for the corresponding

49 In the case of USD interest rate swaps the accrual factor isdefinedas , ~ _ 30 .
i-1,i
' 360
@9 |n the case of GBP swap markets, the swap day-count convention is 365 days per year.
Thus the accrual factor is defined as Jbi i
i1 T T e
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period. Again alinear interpolation has to be used to get an estimate of the
missing swap rates. The only swap rate that we are not able to calculate

using linear interpolation isthe S, ; swap rate as the one-year swap rate is
not available and the corresponding one-year rate available from the money

market is quoted on adifferent basis. Asaresult an adjustment hasto be
made

1_
§ = bo’l (B2
a005P b

005 "2051°0:1
and S, ; can be calculated by interpolating between S, and S, .

Finally the zero bond prices can be cal culated using the bootstrap method as
in equation (B1) but now theindex i in the summation is being done
semi-annually such that i =11.5,2,25,...,t.

Based on those zero-coupon bond prices we can estimate the implied
annualised yields as®”

&1 d_ao't
ot Tep L -1 (®3)
&%t &

One-year forward rates can be estimated by

L8
& bOt 9 t,t+12m
foreaom = - -1 (B4)
gbO,t+12m [}
0) , to- ot
The accrual factors now refer to bonds and are defined as 5 =4 i-1
i-1,i 365
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