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Abstract

This paper investigates changes in the causal structure linking the G7 short-term
rates by estimating time-varying speed of adjustment coefficients in error correction
equations using a Kalman filter approach. This technique allows us to detect
structural breaks in the causal linkages or even a reversal in the direction of

causality. The hypotheses of interest are the US world-wide leadership, the
disengagement of UK monetary policy from those pursued in the Eurozone after the
collapse of the ERM, and the German leadership hypothess (GLH) within the
European Union (EU). While we do not find any example of reversal of causality, the
evidence points to a break in the causal linkages between the UK and other EU
countries after the third-fourth quarter of 1992. The empirical results are also
consistent with a US world-wide leadership and a weak German leadership within the
Eurozone.
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1. Introduction

In broad terms one can identify two views on how interest rates may be linked. If they
ae treaed as andogous to other asst prices, then ther movements are naurdly
interpreted as being determined by finencd flows in fluid, profit-seeking capitd
makets. This will normdly give rise to a st of ahbitrage conditions such as the
uncovered interest rate parity condition. Alternatively, they can be viewed as policy
ingruments, o that their time paths may be determined by a policy objective such as
an exchange rae target or an inflaion target. These two approaches ae not
necessaily inconsgent, deviaions from interest rate paity may cause the exchange
rate to move towards its policy target. As long as deviations of the exchange rate from
its target are dationary the devidions from interest rate parity will aso be Sationary.
Interest rate linkages have therefore often been andysed in the context of a specific
policy framework such as the Exchange Rate Mechanism (ERM). For ingance,
numerous dudies have atempted to tet the socdled “German  Leadership
Hypothess’ (GLH), according to which Germany acts as the dominant player within
the system, and mondary authorities in other ERM countries are unable to deviate
from the course of interest rates set by the Bundesbank (see, eg., Fratianni and von
Hagen, 1990, and Kirchgassner and Wolters, 1993). Taking this view, co-movements
in interest rates aise because of policy convergence. But under pure arbitrage
conditions we dso expect interet rates to move together in the long run. So the
question naturdly arises, what is the effect of a policy regime on the sysem and how

will the sysem change if the policy regime changes?

In the exiding literature on linkages, dandard causdity teds are caried out in the
context of non-dationay VARS even though the resulting test datisics have non
dandard didributions, so thet detidica inference is invdid. To avoid this pitfal,
Caporde and Williams (1998b) teke a different gpproach, and use the methodology
advocated by Toda and Yamamoto (1995). This has the advantage, compared to other
teing drategies, of not requiring pretesting for the cointegration properties of the
gydem, and vyidds ddidics which follow dandad didributions, thus making
inference legitimate (for a detailled discusson, see Cgporde and Fittis, 1999, who dso
present an empiricd example). * Using this technique, Caporde and Williams (1998b)
find that in the G-7 there is a marked difference between linkages in long-term rates
(10-yer bond yidds) and linkages in shortterm rates (3month Tressury hills).
Whilgt there is little evidence that the former have been linked to one another over the
last two decades, for the latter the evidence of comovements is more compdling.
Furthermore, the causd dructure is not condsent with the standard charecterisation
of the ERM as an asymmelric sysem in which Germany was the dominant player - it
uggests ingead that there was German accommodation of French monetary policy
within the ERM. 2 This result could be interpreted in the context of the “size effects’
identified in recent theoreticd research, according to which larger, more dsable
countries can achieve policy objectives more successfully via accommodeation than by

! More recently, Bruneau and Jondeau (1999) have shown that the non-causality conditions can be
expressed as the nullity of a function of long-run dynamic multipliers and the parameters of a VAR in
levels, and can be tested by means of a standard Wald test. Using this method, they analyse long-run
causal links between US, German and French long rates, and find bi-directional causality between US
and German rates, aswell as between German and French rates.

% See also Karfakis and Moschos (1990), and Katsimbris and Miller (1993), both studies essentially
rejecting the GLH.



compulson (see Martin, 1997). The sysem was actudly more flexible than normaly
recognised, as there were various “escgpe cdauses’ built into it (for indance, the
options of exchange rate redlignments, wider fluctuation bands, and capita contrals).

The dructure, though, might change over time. For indance, Cgporde e d (1996)
reported convergence in European rates after 1986, and Artis and Zhang (1998), using
rolling window cointegration techniques, found that there is widespread cointegration
between both US and German short rates and those on other ERM currencies up to
1995, ater which US influence on world-wide rates vanishes. 2 # In the context of the
ERM, with its target zones, there might be regime shifts owing to the policies pursued
by centrd banks Specificdly, the dochestic properties of interest rates (voldility,
level and speed of adjusment) are likely to be different in periods when the currency
has to be defended from speculative attacks, compared to periods when the exchange
rate is credible. Because of the uncovered interest parity (UIP) reation, switches in
the process governing exchange rates are trandated into switches in the process
followed by interest rates Such regime shifts tend to be more frequent and not to be
& longlived as changes in mongary policy regimes in the US, say. Dahlquig and
Gray (2000) show that a Markov-switching mode well characterises the behaviour of
anumber of EMS short rates.

In generd, one can think of changes in dructure as changes ether in the long-run
rdionships themsdves (the cointegrating vectors) or in causdity links (the loading
factors). It would be problematic to specify the source of dructurd change in a modd
dlowing for both types of changes as such a modd would typicdly not be identified.
In the case of interest rates, as dmost any theory suggests bng-run comovemert, it is
reasonable to assume the cointegrating vectors are condant but the direction of
causdity changes. Hence we concentrate on the latter source of change, and estimate
time-varying parameter modds for the loading weghts. This has the advantage that
one does not have to impose a priori restrictions on when the bresks in the
rlaionships might have occurred. Ingead, the rdationships are dlowed to evolve
fredy, and the reveded timing of the Structurd bresks can be very informative about
the effects of policy changes (see, eg, Hddane and Hal, 1991, who andyse
deling's redionship with the US dollar and the Deutschemark). Kadman filtering
techniques were used by Hdl et d (1992), who found convergence in inflaion and
interest rates within the EMS. An example of dae space moddling of interest
differentids can be found in Cavaglia (1992), who uses one-month Euro deposit rates
for five indudrid countries He finds tha ex antte red interest differentids ae
relatively short-lived and mean reverting to zero, which would suggest that the extent
to which nationd authorities can exercise influence over their domedtic financid
markets is limited. However, this type of andyss is not very informative about the
sources of shocks of interest rates. Identifying the nature of the shocks, estimating the
importance of common factors and sudying the transmisson mechanisms dl require
anaysing linkages between the levels of interest rates.

A novd way to test for longrun causdity and sructurd change is suggested by
Bedby, Funke and Hal (1998). Broadly spesking, policy-making can be thought of as
an atempt to change the dructure of an economy. Specificdly, one could think of

® Note that the results from this estimation method are highly sensitive to the selection of the window
width and of the lag length.
4 See al'so the growing literature on testing for structural breaks, e.g. Banerjee et al (1998).



sructurd change as changes in the causd dructure of a system, which do not affect
the underlying dtructurd rdationships. For indance, UK and German interest rates
may have been set primarily in line with US rates prior to entering the ERM, but once
full membership is achieved the UK rates may be driven by the German mondary
gdance which is gill st with a view to the US. In both case the three interest rates will
move in line and be cointegraied on a parwise beds but the direction of causdity
changes between the two policy regimes.

To be more precise, condder a Vector Error Correction Mode (VECM), where the
long-run matrix hes been decomposed into a vector of loading weghts and one of
cointegrating relaionships. A change in the dructure of the sysem could occur
through changes dther in the former or in the laiter. In order to make the problem of
identifying the sources of dructurd change more trectable, one can assume that only
the vector of loading weights is subject to change, ether because the weghts vary
over time, or because they change from a zero to a non-zero vadue. Alternatively one
can assume that cointegrating vectors which were not dgnificant before may now
enter a paticular equation in the sysem, or viceversa In other words “new”
cointegrating vectors might emerge as a result of Structurd changes. This means that a
different st of varidbles exhibit long-run linkages depending on what period is
congdered. In the former case, the weights can be edimated either by usng a time-
vaying parameter verson of the Kalman filter, or by adopting recursve techniques.
These amount to multiplying eech cointegrating vector by a dummy varigble, which is
switched on and off for difforent sub-samples A ttest is then implemented to
edablish over wha peiod(s each cointegraing vector is dgnificat. This will
indicate whether the process of interest has been driven by different variables in
different periods. However, a difficulty with the tests reported in Becby e d (1998) is
that standard digtributions cannot be relied upon to test for the Sgnificance of the t-
datidtic.

In this paper, we investigate changes in the causa dructure that links the G7 short-
term rates usng a Kaman filter approach. The empiricd findings of this research will
have important policy inplicaions as they will provide evidence on whether
countries can dill conduct an independent monetary policy despite the increesing
integration of international financid markets (see Cgporde and Williams, 1998a0). It
gopears that even in a sysem like the ERM which ams to produce policy
coordination it has been possble for mondary authorities to disengage ther policy
from devdopments dsewhere and pursue an independent policy agenda over long
periods. Such an option should remain avaladble for nonpaticpaing countries, like
the UK, dfter the establishment of the Euro. Therefore the UK authorities will not
necessarily find their freedom of action greetly condrained by what is happening in
the Euro zone. Within the Euro zone the policies of the European Centrd Bank (ECB)
will not necessxrily be as stable or credible as those adopted so far by the German
authorities, dnce amdler countries will dso have an influence on mongay palicy
(see Begg a d, 19998). If in fact Garmany has not been able to impose its interest rate
policy on the other ERM countries, and if this becomes true of fiscd policy as well
(notwithstanding the Growth and Stability Pect), long-term rates might rise (rather
than decline) in the EU after 1999.

The paper is organised as follows The next section (section 2) introduces some
relevant concepts such as Granger-causdity and exogenety within the framework of



cointegrated sysems The Kamen filter method is outlined in section 3, while section
4 discuses the empiricd results and their economic implications. A summary
concludes.

2. Exogeneity and Causality in Cointegrated Systems

Building an econometric modd typicdly involves focusng on a st of (endogenous)
vaidbles of primay interest, which are explaned in teems of other (exogenous)
vaidbles The advantage of such an gpproach is that it is esser to modd the
endogenous varigbles conditiond on the exogenous vaiables if these show some kind
of irregular behaviour, which would be difficult to modd within a VAR framework. It
is very tempting to draw inference from the conditiond or patid modd whilgt
moddling the exogenous variables less caefully or not & dl. The idea underlying
such an approach is that if we could just draw inference about the cointegrating rank
in the patid sysem, esimaing b and testing for hypotheses on it, we would work
with smdler sysemsin terms of parameters to be estimated with again in efficiency.

The problem, however, is that such an gpproach is vaid if and only if the assumption
of wesk exogendty is sidfied (Engle Hendry and Richards 1983). Falure to satidy
such a requirement will meke it problemdic to derive the asymptotic digtribution
theory for the edtimate of b. Harbo et d. (1998) show that even if weak eogendity is
assumed, the presence of deterministic terms in partid systems makes it difficult to
determine the rank without moddling the full sysem, because the asymptotic
digribution of the tet datidic will be different from the one of the full modd. As a
conseguence, one needs to work with full gructurd sysems in error correction form,
the patid sysems beng more a result of our inference than a dating point. The
reeson is that, rather than smply imposing redtrictions, we would want to &t for ther
vdidity. Edimaing vdidy a patid sydem requires not jus exogendty of some
vaiables with respect to the parameters of interest, but dso a precise long-run causal
dructure of the modd. Within the framework of cointegrated systems hese two issues
coincide (as far as the long-run properties of the model are concerned). We can in fact
show tha longrun non-causdity is necessary as wel as sufficient for long-run wesk
exogenety of avariable with respect to the parameters of interest.

2a Weak -Exogeneity

The bads for this discusson is provided by the andyss of joint and conditiond
dendities and sequentid factorisation (see Hendry 1995 for a detailed account).

Let

21 DX(yt!Z|>Q-11q)

be the sequentid dendty a time t of the random vector x = (y; : z)' conditiond on X.
1= (%o, Xp,-.. %1), Whereq = (0,...,qn)’ | Qwhichisasubset of A",



Gengdly spesking, z is endogenous in the framework of the joint dendty function,
but if z is weskly exogenous it is posshle to factorise the joint dendty such that
knowledge of how the process z is determined is not necessary in order to investigete
the properties of the processy:.

Let us dlow for the exigence of many one-one trandormations from the origind n
parameters ¢ = (0,...0n) | Q to any new set of parameters f T F, and dso let
f =(f 1,f2). We can then factorise the joint density function as.

22 Dx(yt,3|X{—l,q): DylZ(ytlzth[-lvfl) DZ(Ztlx(-lafZ)'

Let the joint dendty under andyss involve a subset y of the parameters g, where y is
a vector of parameters of interest. The firg requirement for a variable z to be
regarded as weskly exogenous for a set of parameters of interest y is that the marging
process for z hould add no useful information about y, that is we must be able to
learn about y from f 1 done The second condition we need to judify teking z as
given is that f1 should not depend on f2. If this were the case we could learn
indirectly about y fromf ».

We can then say that z is weekly-exogenous for y if and only if

y isfunction of f 1 and doesnot depend on f 2;
f 1 andf , are variation free.

2b Granger-causality

In a famous paper, Granger (1969) shows that given two multivariate processes {x}
and {y}, and the information on them contained in ther past behaviour X% ad Y4, {y}
causes {x} a time t if the past of {y} provides additiond information for the forecast
of % with respect to conddering the past of {x} done. From the definition above we
see that there is a linkage between wesk exogeneity and causdity. Indeed gating thet
a vaiable y has no role in the prediction of another variable x is tantamount to saying
that the lagged vaues of y do not enter the equation for X, i.e. there is no feedback
fromy tox.

This result is very dmilar to the firg condition for x to be weskly exogenous with
respect to the parameters of interest, in that it seems that x in this case is determined
outdde the system by its own past. The problem is tha this fulfils only the first
requirement for weakexogenaity, and therefore implies that in dandard regresson
andyss nonrcausdity is necessary but not sufficient for week-exogenaty. Things are
subdantidly different  when working with nondationary szies and within  a
cointegration framework. Let us explain this point formally.

Consider asmple p-variate vector autoregressiorr:

® We are omitting deterministic terms to keep the example as simple as possible, but these could be
included without complications.



(L) PL(L)téy.0_ée,u
23 P(L P 12 t ytU i=e
0 8° D) P (L 4T E 4=e

where P(0) = 1, E()=0, E(e &)= | W, and the maximum lag in P (L) is k. We
assume that some of the roots of P (L)| are equd to 1 while the others lie outsde the
unit drde in the complex plane Let ds0 y and x be of dimenson p and pe

respectively and pitpe=p.

In order to check whether the variables in z are cointegrated and y does not cause X

we have to test whether P (L) is upper block triangular and P=P (1) is non-zero and
has reduced rank. As a firs step we reparameterise the modd in an Error Correction
Form asfallows

24 Dz =G+..+G D2y +PZ te,
or more compactly as

25 DZ=GNZ+PZ+E,

whereG=(G,....Gc1), DZ =Dz, NZ=(DZ, ,,...0Z, \.,)', Z=@1,...,2%)-

In this framework (following Mosconi and Giannini 1992), y does not Granger-cause
x if the hypothesis

26 HyuUo/=0, UPUM=

holds, where

50 ( lp 0 i
2.7 U= 7 UM = g V=1,,AUN,
dp, 50

CC c
('D('D>('D
o\

CD_CD>CD

and U is (pq), U™ is (), V is (p(k-1xpa(ke1)).

It is important to highlight thet in cointegraied sysems and VECMs, one can
disinguish between two different types of causdity, the firs part of Hp concerning
short-run causdity, while the hypothess U'PU”=0 is about long-run causdity or
wesk causdity as in Davidoon and Hdl (1991). Another way of formulating the
hypothess U'P UM =0, with reference to our initid system, is to test whether P ,;=0.
We can show that thisis equivaent to testing which rowsof a are zero.

This dso matters in the context of testing for week exogeneity. We will show that

long-run (week) non-causdity is necessary and sufficient for wesk exogeneity under
the hypothesis of cointegration. Let us rewrite our system in VECM form as

28 DX, =GDX;.;+..+ G.1DX; a1 +P X +€



where the parameters are defined as before. Assume for smplicity the absence of
determinigic terms. The marix P=ab’ contans informaion on the longrun
rdationships among the saries in the modd, with b containing the cointegrating
rdions and a representing the speed of adjusment to equilibrium. Also, we know
that if there are r £(n- 1) cointegrating vectors in b, this implies that the lagt nr
columns of a are zero. To test how many r £ (n- 1) cointegrating vectors exig in b is

equivaent to testing how many columnsof a are zero.

Focusng our atention on the non-ze&o coumns of a, let the process X; be
decomposd into

EPVIIRVERN _éeyu &G0
29 X; =(Xy, Xy) anda —gangj —g%j

oOCC

We can now rewrite the equations of the modd as

k-1

DXy =ayb' Xy, +8 GDCy i +ey

210 -

DXy =ab'X..;+aG;DC,; +ey
i

wheree;; areiid N(OW), and W= %ﬂ WQE-
o, Wor

Let usnow congder the conditional modd for DX; given the past and DX, i.e.
k-1 -

211 DX, =wDX, +(a,-wa,)b'X,;+aGDC,; +e;
i=1

where W=W,W,},G =G - WG, ,and&, =g, +We, with vaiace equd to
Wiz o =Wy - Wi, Woa W, . Wewill now make the following statement:

The presence of all zeros in the ith row of the matrix a;, j = 1,...,r indicates that the
cointegrating vectors in b do not enter the equation determining DX:. This implies
that there is no loss of information from not modelling the determinants of DX;;, which
can therefore enter only the righthand side of the system since there is no feedback
from the other variablesin the system.

This implies long-run non-causdity as well as week exogeneity as mentioned before,
We can formdise it as follows, in the context of a system in error correction form:

k-1 N
DXy =wWDCy + (@ +Wa,)b' X,y + 4 G;DCy.; +€y
212 1=
" . k-1
DXy =a b Xt-1+£~1QiDCt-i ey



If a,=0 then X is not causng Xz, and X is weskly exogenous for the parameters of
interes (ba;) and the maximum likdihood esimator of b and a; can be inferred from
the conditiond modd done This can be seen rewriting the sysem under the
hypothess a>=0, that is

k-1 _
DXy =wDCy + (@ +wa,)b' X,y + 4 G;DCy.; +€y
i=1

213 B
DXy = ié-leﬁiDCt—i €y

In fact, we can see that there is no trace of a; and b in the margind modd and
therefore there is no trace of Xu, which is therefore not causng Xz, namdy, there is
no feedback from the former to the latter. Also, the condition that requires the
parameters of the margind to be unrdated to the parameters of the conditiond modd
is fulfilled as a propety of multivariadte Gaussan didributions that do not have joint
redrictions. Note that if a,=0 then the $((0l)’) is contained in sp(a”), which means

that é_illezt is @ common trend in the sense that the errors in the equations for %

cumulate in the sysem giving rise to nondationarity. X, will 4ill be cointegrated
with X1 of course, as implied by the fird equation in 2.13. The key point to note here

is that as long as P, is of full rank then éiT=1en will not be a common stochastic

trend of the sysem and hence there will be no long-run link from Xi to X. A related
proof was presented in Hal and Wickens (1993).

3 Kaman filtering

The Kaman (1960, 1963) filter technique is adopted to edimate linear regresson
modds with time-varying coefficients. ® This dass of modds consst of two
equdions the trangtion equation, describing the evolution of the dae variables, and
the measurement eguation, describing how the observed data are generated from the
dae vaidbles This goproach is extremdy usgful for investigaing the isue of
parameter congdancy, because it is an updaing method producing esimates for eech
time peiod bassd on the obsarvaions avalable up to the current period current
period. It is important to redise tha recursve OLS ediméaion (or moving window
OLS edimation) is not a suitable technigue to use here. Recursve edimation is
esentidly a test of dructurd Stability. We can set up a null hypothesis tha the
parameters are congtant and see if that can be rgected through recursive estimation.
But as the undelying assumption of OLS is dways that the paamees ae condant,
recursve edimation does not provide a consgent edimae of a timevaying
parameter.

Let the Kdman Flter measurement equation be:

31 y,=x'b+e e, ~N(OH,)

5 For asimple exposition of Kalman filtering, see Cuthbertson et al (1992).



and the trangtion eqution be:

32 b,=Tb,,+h, h~N(0,Q))

with the initid conditions given by:

33 by ~N(bg,5°R)

When T=l and Q=0, the modd is reduced to the sandard norma OLS regresson
modd. The matrices T, H and Q ae assumed to be known, and the problem is
obtaining etimates of by udng information |, avalable up to time t. The process of
evduding the oconditiond expectaion of by given |; is known as filtering. The
evdudion of by given Is, with s>t, is indead referred to as smoothing, wheress the

edimetion of bt with s<t is caled prediction. Kadman (1960) derived the basic results
to obtain filtered and smoothed estimates of by recursvely. The prediction eguation is

given by:

34 by, =Tby,

and the covariance matrix is defined as;
35 Put-1 = TP T+Q,

Findly, the updating formulae are given by:

36 b, =by Py XYy - XDy )X Py X+ H,Y)

ad
3.7 P =Pue1- Pue X' XPy g [ (X'Py X+ Hy)

As the edimaes are updated recursvely each period, Kdman filtering can be viewed
& bdonging to the cdass of Bayedan edimaiors Before dating the edtimation
process, one has to specify the vector of prior coefficients by and the matrix Q. By
edimeting the longrun reationship in this way one obtans a vector contaning the
evolving date coefficients which show whether the rddive importance of the factors
driving the dependent variable has changed over time.

In our case we start from amode! in error correction form such as,

38 DX, =GDX,,+..+G_,DX, ,,, +tab'X_, +e,

where e are assumed to be iid N (0,S), and taking the G and b as non time-varying
we edimate the matrix of adjustment coefficients a, with the Kaman filter, under the
assumption that this matrix follows arandom walk process such that

10



39 a,=a,,+n,, n,isN(@Os?l)

In paticular we apply this procedure to the bivarigte systems linking the G-7 short
interest rates as irreducible rdlations’ (see Barass, Caporde and Hal 2000) in order to
investigate the posshility of bresks in the causd dructure of thee linkages or
reversds in the direction of causdity. What we expect, given the results presented in
Barass, Caporde and Hdl (2000), is to find exogenety of US interest raes with
respect to dl other rates, implying convergence to zero of the adjustment parameter in
the eror correction equations. The same should hgppen to the UK rae in the
equations describing long-run linkages with the other Europeen rates, at least dfter the
collgpse of the ERM in thirdffourth quarter of 1992. Other hypotheses of interest are
Gaman leadership within the Eurozone and the dability of the causd dructure within
the G7 sysem asawhole.

4. Empirical Results

For the empiricd andyss we use IMF quarterly data on the threemonth Treasury hill
raes covering the period between 1980:Q2 and 1998:Q3. Notice that for efficiency
reesons we have edimated sngle eguations in eror correction form rather than
bivariate vector error correction modes. This is legitimae as in an ealier paper (see
Baass, Caporde and Hdl, 2000) we found that there is bivariate cointegration
between dl the rates with unit cointegrating vectors. Once the cointegreting vectors
are determined then single equation estimation becomes FIML.

More specificdly, in Barass, Cgporde and Hal (2000) we andysed causa linkages
between the G7 short-term interest rates by goplying a methodology due to Davidson
(1998) based on the concept of irreducible cointegrating relations (IC). Evidence was
found that cointegretion is a property of the G7 short rates, and that it is important to
tex for irreducibility a a diagnodicc. We dso extended Davidson's (19998)
methodology introducing the ranking of the IC rdations according to the criterion of
minimum variance. This dlowed us to diginguish between dructurd and solved IC
vectors without any prior theoreticd assumptions  Furthermore, we  performed
exogenaty tests on dl IC rddions in order to gaher informaion on the causd
dructure thet links interest rates.

Briefly, we found thet the sysem of the G7 interest rates has a rank of sx. The
immediate implication of this is the exigence of 9Sx dructurd irreducible
cointegrating regressons which we were ale to isolate, ranking the IC rdations
according to the criterion of the minimum variance. The two mogt dgnificant reaions
involve the US and Canada, and Itdy and France The other four reations involve
Geamany and Jgpan, and Jgpan with USA, France and UK. The causd dructure
obtained from testing redrictions on the matrix of loading weghts in the bivariae
irreducible systems suggested a US worldwide leadership and reected the hypothesis
of a Gaman leadership in Europe, therefore confirming the findings of Cgporde and

"The concept of irreducible cointegrating vectorsis due to Davidson (1998) and refers to cointegrating
subsets of variables, which do not have any cointegrating subsets. The Davidson methodology (see
Davidson 1998) decomposes hybrid cointegrating relations in irreducible ones allowing (in the case of
over-dentified systems) the identification of the structural relations without imposing theory based
restrictions on the cointegrating vectors.
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Williams (1998b) and of other autthors (e, eg., Kasmbris and Miller, 1993).
Essentidly, the US and Canada gppear to conditute the fundamentd block, UK rates
respond more to non-European than to other Europeen raes Itdy is following France,
and France and Germany respond to world rates rather than to each other. Ladly,
Japan acts as the link between US and European rates.

These results however are dl predicated on the assumption that the causal Structure is
condant over the sample period. A casud condderation of the dructurd changes,
which have occurred in the monetary policy structure of the world over the last 20
years, makes this an unlikdy assumption. And so we will now apply the techniques
outlined above to invedigate the possble changes in exogenaty and wesk causdity
Sructure, which may have occurred.

Bdow we discuss the time paths of the adjusment coefficients in the single-equation
error-correction modds corresponding to the irreducible cointegreting reldions. It is
worth mentioning that most of the firs differences of the G-7 interest rates seem to
follow an autoregressve process of order one, AR(1), apat from the US rates that can
be moddled as an AR(3) or AR(4) process. We edimate the single equations by OLS,
and having imposed the OLS coefficients as the fixed parameters of the observation
equaion we then re-esimate the same equaions with the Kamean filter, assuming that
the coefficient of the error correction term follows a random walk.

Sx modds were etimaed for each country where in each equation we dlow for the
possihility that that particular country adjusts to one of the other G7 countries. We are
therefore dlowing for the posshility thet each country is being influenced by any of
the other Sx a any point in time. So if we found that for country A dl Sx adjusment
paameers were zero for the whole period, it would tel us that this country was not
influenced by any of the other countries over this period. If we found that the
adjusment coefficient involving country B became dgnificant hadf way through the
period, then this would indicate a shift in policy regime such tha country A darted to
folow country B from that period onwards. We will not report dl the short-run
dynamic parameters of the modd for the sake of brevity.

4a  USA

The empiricd results seem to support the exigence of US leadership. The speed of
adjugment coefficients converge towards zero in dmog al cases. Exogendty of US
interest rates with respect to the Itdian and the German ones is dearly observable
The linkage with the Canadian rate seems to be the mogst dgnificant one dthough
even this coeffident is bdow 0.1 and is fdling. The same (but with even smdler
coefficents) can be sad aout the speed of adjusment to disequilibrium in the
linkage with the French and Jgpanese rates The dtuaion is dightly different in the
eror correction eguation containing the cointegrating relation that links US to UK
rates. It seems that there was some (decreasing) feedback from UK to US rates until
the collapse of the ERM in the last quarter of 1992. Afterwards, US rates gppear to be
exogenous and causdity runs from US to UK rates only. Overdl we can conclude that
the evidence from the time-varying etimation supports the idea that the US economy
isacongant point of reference for al the countries of the G-7 group.
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4b UK

The reaults for the UK are even more interesing. The main result (see table 1) is that
the linkage between UK and other European raies has become wesker after the
collapse of the ERM. In paticular, gpat from the cler exogeneity of UK rae with
respect to the Itdian one, it can easly be seen that in the 1990s the influence of the
Geman and French rates on the British one has decressed overtime, even reaching
zero in the cae of the linkage with the French rate. It seems that the UK rate dill
responds to the German one (very weskly), but it is dso deear that the influence on the
UK of conditions in the nonEuropean G-7 countries is gill srong and even growing
in the case of Canada It is worth congdering what happens in the causd relation with
the US rate. Here we can observe a bresk in the causd linkage between 1989 and
1991. Notice thet after this period the US influence on UK rates seems to grow again.
Ovedl we can then say that UK rates seem to respond to non-European rates, and
that, following the breskdown of the ERM, UK monetary authorities have pursued
policies that are completdy independent from those implemented in the economies of
the Eurozone. This might hep explan the differences in economic performance
between UK and other European economies during the 1990s.

4c The Eurozone

As dready mentioned, one of the hypotheses of interest is the purported German
leedership (GLH) within the Eurozone. In order to test it, we should only condder the
three countries in our sample bdonging to EMU, therefore investigating the speed of
adiugment of German rates towards the long-run equilibria shared with the French
and Itdian raes On the bass of the results obtained from this “partid” andyss, we
might be tempted to conclude that the empiricd evidence supports the GLH. This is
because of the exogeneity of German rates with respect to the French and the Itdian
ones. However, a dosx look to the complele G7 sysem shows that such a
hypothes's does not have empirica support, for three main reasons.

Hrd, while the only causd link to Germany seems to be from the US there are dso
grong direct links from the US to France and Itdy (in both cases larger in magnitude
than the link to Germany). So while the three rates may be moving in line there does
not seem to be a strong case for arguing for one d them as the leader. Second, one of
the sx dructurd IC vectors links Ity and France, which implies that the rdaions
between thee two latter countries and Germany bdong to the dass of irreducible
solved rdaions rather than to the dructurd ones Third, Barass, Cgporde and Hal
(2000) ague that Germany does not shae any of the sx dructurd irreducible
relaions with another European country.

As for Itdian and French rates, there appears to be feedback from dl the world rates
and betwean themsdves. This provides us with enough evidence to conclude thet
European raies are actudly driven more by US raes, which are exogenous with
respect to dl the Eurozone raes. It is worth noticing thet the time path of the speed of
adjusment coefficients of the error correction equations of European rates displays a
kink in the fourth quarter of 1992, which coincides with the collgpse of the ERM.
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Also, subsequently it becomes a lot smoother, implying more dability within  the
Eurozone.

4d Canada and Japan

We have chosen to discuss the results on Canadian and Japanese rates together as they
seem to act as the trait d’'union between US and European rates within the G7. The
man feaure of the Jgpanese rate is its high nonvaiability. Spedficdly, it is
characterised by step-changes, clearly indicating that Japanese rates are determined by

policy decidons raher then make conditions. This may hdp to explan the low
vaiddlity of the time-varying paraneter esimaies of the adjusment coefficients in
its error correction eguations as wel as ther low (but non-zero) vdues We find some
wesk feedback from more or less dl the other rates (with the exception of the German
one) to Jepanese rates.  As dready Stated, it appears that Japanese rates, together with
the Canadian ones, act as a linkage between European and US raes. In fact the
feedback from both Jgpanese and Canadian rates to US raes is subgtantialy wesker
than the one in the oppodte direction. As for the Canadian rate, it is linked to the
other rates by a two-ways feedback reation, gpat from its clear exogenety with
repect to the French rate in another of the sx irreducible dructura cointegrating
relaions.

5. Conclusons

In this paper, we have invedigated changes in the causd dructure linking the G-7
dhot-teem raes by edimating time-varying parameter modds usng a Kamen filter
goproach. In paticular, we have gpplied the technique to bivariate error correction
sydems linking the G-7 short-term rates as irreducible reations in the sense of
Davidson (1998). The andyss was amed & examining the posshility of Sructurd
bresks in the causa linkages between rates, which in some cases might maeke it
possble for monetary authorities to disengage ther policy from devdopments
dsawhere, or even for a reversa in the direction in causdity between rates to occur.
Other hypotheses of interest concerned the US world-wide leedership, the degree of
autonomy of monetary policy in the UK policy dter the collgpse of the ERM in
September 1992, and the GLH in the Eurozone.

While we have not found any examples of reversds of causdity, we have found some
evidence of bresks in the causd linkages between the rates under investigetion. One
of the mogt interesting results concerns the progressve disengagement of UK policies
from devdopments dsawhere in the EU, especidly after the collgpse of the ERM. In
the following period, UK rates seem to be linked much more to world rates, as shown
by the higher speed of adjugment parameter after 1992 in the equaions linking UK
and world rates. As for the other reaults, the evidence seems to support the leadership
of the US the correponding speed of adjustment coefficients being very dose to
zero. Furthemore, we have found some evidence of a German leadership in the
Eurozone, since the German rate has been found exogenous with respect to the French

8 Notice that the relation between these rates constitutes one of the six irreducible structural linkages
between the G-7 rates.
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and Itdian ones. Neverthdess, as German rates are in turn driven by other world rates
(mainly US, UK and Jgpanese rates - recdl that German and Japanese rates are linked
by an irreducible sructurd reaion), the German leedership is not subgtantid. Findly,
Japan and Canada act as a linkage between US and European rates.
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| Time path of adjustment coefficients in error comrection equations for France
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| Time path of adjustment coefficients in emor comection equations for Germany

0.04

0.00 A

-0.04

-0.08

-0.12

-0.16

m

86 88 90 92 94 096

—— Germany-Canada

0.04

0.02

0.00 A

-0.02

-0.04

-0.06 -

-0.08

f%

-0.02

82 84 86 88 90 92 94 96 98

— Germany-ltal

-0.04

-0.06 -

-0.08

-0.10

82 84 8 88 90 92 94 96 98

0.10

0.05
0.00
-0.05
-0.10

-0.15

86 88 90 92

—— Germany-France

1.6
1.24
0.8
0.4
0.0

0.4 rrrprreprrTETTITT T

82 84 86 88 90 92 94 96 98

— Germany-Japan

0.00

-0.05

-0.10

-0.15

-0.20

-0.25

82 84 86 88 90 92 94 96 98

—— Germany-USA

20



| Time path of speed of adjustment coefficients in error correction equations for ltaly |
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| Time path of speed of adjustment coefficients in error correction equations for Japan

0.04

0.02

0.00

-0.02

-0.04

86 88 90 92 94

0.2

0.04

-0.24

-0.4

-0.64

-0.8

82 84 86 88 90 92 94 96 98

— Japan-German

0.00

-0.02

-0.04

-0.06 -

-0.08

82 84 86 8 90 92 94 96 98

0.08

0.06

0.04

0.02

0.00

-0.02 A

-0.04

NN

86 88 90 92 94 96 98

— Japan-France

0.05

0.04

0.03

0.02

0.01

0.00

-0.01

o

-0.01

82 84 8 88 90 92 94 96 98

— Japan-ltal

-0.02 4

-0.03 1

-0.04 -

-0.05 1

-0.06

-0.07 4

-0.08

82 84 8 88 90 92 94 96 98

— Japan-USA



| Time path of speed of adjustment coefficients in error correction equations for UK
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| Time path of speed of adjustment coefficients in error correction equations for USA
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Time path of speed of adjustment coefficients in eror correction equations for Canada
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