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EVALUATING CAPITAL MOBILITY IN THE EU: A NEW
APPROACH USING SWAPSDATA

Abstract:

The levd of cgpitdl mobility prevaling in the 90s within a group of European Union countries -
Belgium, France, Germany, Itay, the Netherlands and the United Kingdom - is evaluated by means
of cointegration-based tests of the covered interest parity condition. Unlike other smilar sudies, this
one concertrates on the long end of the maturity spectrum, investigating onshore and offshore assets
with maturities of three, five, seven and ten years, and employing swaps data as a means of covering
foreign exchange risk. Although such an assessment has not been previoudy developed, it has
practical interest in the context of European economies. In fact, given member states lack of
autonomy over domestic monetary and fisca policies, the duggishness of sdaries and prices, and the
low mohility of European labour force, financia markets may become one mgor source of
adjusment to asymmetric shocks. To this end, it is the mobility of long-term capitd, rather than that
of short-term one, that is of critical importance. This andys's suggests that long-term financid flows
gopear to be completely unrestrained only between domestic Dutch and German markets.
Consequently, some countries may, in the future, face difficulties in attracting capital for purposes of
long-run stabilisation, even in the absence of foreign exchange risk.



1 - Introduction:

The level of capita mohility that prevalls within a group of sSx mgor European Union (EU) countries
is evaluated by testing the covered interest parity (CIP) condition. Unlike other smilar studies, we
concentrate on the long end of the maturity spectrum and use swaps as insruments to cover foreign
exchange risk. This is an important contribution to the literature since CIP-based assessments of
capita mobility in the EU, of which Holmes and Pentecost (1999) are a good recent example, use
data on short-term interest rates only. The andysis proposed here has practical interest in the
context of EU economies, given the fact that financid markets may become one important source of
adjugtment when asymmetric disturbances hit individual member sates. Furthermore, it is the mobility
of long-term capita, rather than that of short-term one, that is critical for thisissue.

According to economic theory, there are two possible ways of solving the problems generated by
asymmetric disturbances: factor adjustment and/or financing.? In the particular case of the EU, the
adjusment of monetary variables such as exchange rates or interest rates is not an option, as the
autonomy over nationd monetary policiesis lost in favour of the European Centra Bank. Moreover,
the duggishness of prices and wages, dong with the low mobility of the European labour force,
prevents their use for purposes of adjustment and stabilisation.® Countries will therefore have to rely
manly in public and private financing to promote the recovering of regions hit by specific
disturbances. Taking into account that national fiscal policies are consrained, and that the EU central
budget does not have a dimenson compatible with the functioning d automatic fiscd stabilisers,
samilar to those exiding in some monetary unions, the emphasisis mainly in private financing.

The role that may be played by flows of capita in the process of adjustment and stabilisation has
been highlighted by many authors.” It relies on the assumption that when capitd is free to move
across nationa borders it seeks the highest rates of return and, therefore, will probably leave areas
where it is rdaively abundant in search for those where it is rdatively scarce. Although it may be

! The usual financial classification is followed here. Accordingly, short-term and long-term assets are those with
up to, and more than, one year to maturity, respectively.

% Seg, for instance, European Commission (1990).

% See, among others, Allsopp and Vines (1998).



argued that short-term flows of capitd are not able to provide more than short-run stabilisation of
consumption in the aftermath of crises, long-term capita, considered the most productive from a
socid point of view, may create the necessary conditions for economic recovery. However, a
necessary condition for the functioning of this type of adjustment and stabilisation mechanism is that

capital movements are not restrained.

Capitd mobility is usudly assessed by means of tests of the CIP condition. The use of this interest
rate parity to this end is judtified by the fact that, when hedging for foreign exchange risk is available,
and capital is free to flow across nationd borders, arbitrage operations should equaise covered
nomina returns on assets that are issued in different currencies but are amilar in every other aspect.
Differences in these returns should not exist (and consequently CIP should hold) between countries
that have dready abolished inditutiond obstacles to the free flow of capita across their borders.
These barriers, however, are not the only source of financid segmentation. The risk of their future
implementation, the existence of information asymmetries and high transactions costs may have
amilar effects. Therefore, in spite of the process of EU financid integration, andyses of capita
mohbility in such geographica area are not without interest, especidly if the focus is on the least
explored aspects, asit is the case here. We find out that the mobility of long-term capitd is generdly
high but, contrary to what could be expected a priori, a number of cases were found where
investors appear to be disregarding arbitrage opportunities.

The contribution of this analys's for the empirica literature is twofold. On the one hand, the paper is
developed usng mainly data on interest rates with maturities higher than one year. To the best of our
knowledge this gpproach was adopted in no more than five published papers, briefly reviewed
below, being the pioneer work developed by Popper (1993). Such studies, however, did not
investigate the EU economies. On the other hand, athough cointegration techniques have been used
before to test CIP, as far as we are aware, they were not adopted in assessments involving long-

term data.

The paper is organised as follows: section 2 briefly reviews the CIP theorem and provides a survey
of rlevant empiricd literature; section 3 presents the data and the econometric methodology; section
4 describes the tests of CIP; section 5 concludes.

* Examples may be foundinter alia in Ingram (1969), and Allsopp and Vines (1998).



2 - Covered Interest Parity

The CIP theorem states that when capita mobility is unrestricted, and mechanisms to cover foreign
exchange risk are available, arbitrage operations equalise covered nomina returns on assets that are
gmilar in dl respects but currency of denomination. Since the ways to hedge foreign exchange risk
are different for assets of different maturities, the formaisation of CIP aso differs for short-term and
long-term assets. For the former, forward contracts are usudly employed, and the CIP condition is
represented by:

21) (i) =(1+7) 5

where i is the nomind interest rate, S is the spot exchange rate expressed in terms of units of
domestic currency per unit of foreign currency, F is the forward exchange rate, and a the asterisk

distinguishes foreign varigbles.

Applying a logarithmic trandformation and the gpproximeation log(1+2) » z, usud in the financid
literature when z isrdaively small, the CIP condition becomes:.

(2.2 i-i"=f-s
wheref and s are the natura |ogarithms of the forward and spot exchange rates, respectively.

Expresson (2.2) is a common way of representing CIP and shows that, when the parity holds, the
interest rate differentia is gpproximately equa to the forward premium (or discount).

As shown by Poitras (1992), (2.1) may be extended to comprise long-term assets. In this case the

CIP becomes;
(2.3 (1 +i )m = (1 + i’k)m L
m m S

wherein, isthem year nomind interest rate, and Fr, is the m year forward contract.



However, the use of forward contracts to cover foreign exchange risk of long-term assets is
relatively complicated. On the one hand, this type of investments usualy generate interest payments
a least once a year and, therefore, it would be necessary to cover both the initia investment and
interest payments. This could be done by combining a long forward with a stream of short-term
contracts. However, the market for long-term forward contracts is relaively illiquid. Despite the fact
that it was possible to establish contracts of this kind since the 1960s, up until the 1980s the volumes
traded were small, and the bid-ask spreads very high, by comparison with short-term forwards”
According to Taylor and Fraser (1991) this may result from the fact that the main agents involved in
arbitrage activities (i.e., banks) prefer to operate with assets that do not tie up their credit limits for
long periods of time. Such a preference would restrain liquidity and increase prices for long-term
hedging instruments, therefore limiting the possibilities for arbitrage operations a the long end of the
meaturity spectrum. This Stuaion was subgtantialy changed in the first haf of the 1980s, with the
development of the swaps market which offers a ampler method of hedging longer term
investments®

Currency and interest rate swaps were created to exploit one type of information inefficiency which
lead to the existence of different credit risk premiain different markets. They are built to mimic bonds
and permit the exploitation of arbitrage margins in longer maturities, thus dlowing empiricd
evauations of CIP in the longer end of the maturity spectrum. The definition of a long-term CIP,
based on swaps, is due to Popper (1993):

. — * - SW . SV\f
(24) It,t+m - It,t+m + It,t+m - It,t+m
where i, ., and i, ae the nomina returns on comparable domestic and foreign assets with m

years to maturity, i°" = isafixed domestic currency interest rate received in an interest rate swap,

t,t+m

SW
tt+m

and i isafixed foreign currency interest rate, paid in acurrency swap.

® See Poitras (1992).

® Swaps are agreements between two (or more) agents to exchange flows of interest payments which may (or may
not) be denominated in different currencies. The swaps contract is based on a certain amount of money and
duration, usually referred to as principal and maturity, respectively. The most important types of swaps are
currency and interest rate swaps. The former involves always at |east two different currencies, and also exchange
of principal and interest payments. The latter does not include exchange of principal, and the flows of interest are
denominated in a common currency. In both swaps, the interest rates exchanged may be fixed or variable. If one
fixed rate is exchanged for afloating rate, the swap is denominated asvanilla swap. If both rates are variable the
designation changes to basis swap.



As with the above formdisation, expresson (2.4) indicates that the verification of CIP requires the
equaisation of the known fixed returns on smilar domestic and foreign currency denominated assets,
bonds for ingtance. Instead of covering foreign exchange risk by means of a forward contract,

investors use the swaps market to convert the stream of fixed rate interest payments earned with the
foreign bond, into fixed payments denominated in the domestic currency.” Since swaps deders do
not usudly price swaps that alow the performance of this operation in one step, the converson is
edtablished in two stages:. firdt, the foreign currency fixed rate is converted into a domestic currency
floating rate, by means of a currency swap that costs %", . Then, the domestic currency floating rate

tt+m*

Sw
tt+m

is converted into a fixed rate by means of an interest rate swap, in which the investor receives i

and pays the floating rate. The floating rates cancd out and the net return on the foreign investment is

SWF
|

. sw .
t1 - It,t+m

tt+m t,t+m

which, according to the CIP condition, should be equd to i

t,t+m*

Despite the fact that empirical evaluations of short-term CIP are not informative of the mohbility of
capitd in the long end of the maturity spectrum, and that this information is important for many
economic questions, the large mgority of tests of the parity is performed usng short-term assets
only. Attempts to judtify this preponderance of short-term andyses have referred mainly the lack of
liquidity in long-term forward markets. However, since the development of swaps markets in the
1980s, it is possible to exploit covered margins at all maturities, and the absence of long-term studies
may only be related with difficulties to obtain the necessary data. In fact, historica series of currency
swaps rates are only collected by maor swaps agents, which very rardy make them available for
academic research. Furthermore, these dbta are not collected in the form which is gppropriate for
CIP tests, and their preparation is made more difficult by the fact that the idiosyncrasies of swaps

markets are often unknown in the academic world.2

Two main forms of tests may be found in the literature on short-term CIP. One consists of checking
if the series of covered differentids are sgnificantly different from zero; the other is based on
regresson anayses performed to evaluate the vdidity, on average, of the CIP condition. Tests of
CIP which are based on series of covered differentias are very popular in the literature. Generdly,
these empirica assessments produce evidence supportive of the parity, especidly in Euromarkets,

"Theinitia capital is also covered in the same operation, because currency swaps involve exchange of principal
at the beginning and at the end of the contract, at a pre-established exchange rate.



where covered margins are often found to be inggnificantly different from zero, thus attesting the high
level of capitd mohility in these markets® When analyses involve onshore assets instead, the

conclusions are not so straightforward, but remain generally supportive of the parity.

Regressionbased analyses cons st of estimating the parameters of expressons such as:

(2.5) f,- s=a+b(i-i") +u

and then testing the null hypotheses & = 0 and b=1. Employing Ordinary Least Squares (OLS) to
esimate (2.5), Fratianni and Wakeman (1982) do not accept these restrictions in al anadysed cases

but conclude in favour of CIP in the Euromarkets of five mgor European countries, from 1967 to
1978.

The development of new econometric techniques has permitted the performance of new, and
sometimes more relisble™ tests of CIP. In recent years, most empirical examinations of the parity
rely on cointegration techniques. As Moosa and Bhatti (1997) point out, ‘cointegration seems to
have resolved the controversy over the two widely used tests of the CIP theory: (i) testing, using the
actud formula underlying the rdaionship, whether the raw deviations from CIP differ Sgnificantly
from zero; and (i) testing, using regresson andyss, whether net deviations from CIP converge, on
average, to zero' .2 In fact, since the existence of cointegration between non-stationary variables
requires thet at least one linear combination of them is stationary, unit root tests may be used to test
whether the resduals of regressons such as (2.5) are 1(0). If this is the case, interest rates and
foreign exchange rates are involved in a long-run™ equilibrium relationship and do not tend to drift
goat in the future. Some authors identify the existence of stationary covered margins with evidence
of a grict or strong form of CIP, wheress if the variables of interest are cointegrated, but the

8 The transformations that raw swaps data underwent before being appropriate to be used in empirical analyses of
CIP are described in the Appendix..

? See, among others, Giavazzi and Pagano (1988) and Frankel (1993).

9 Seeinter alia Aliber (1973), and Taylor (1987, 1989).

" The early tests of CIP based on OLS estimations did not take into account the possible non-stationarity of the
underlying variables and, therefore, may have produced spurious results.

2 Moosa and Bhatti (1997), p. 241.

3 Henceforth we use the terms ‘short-term’ and ‘long-term’ in connection with assets maturities, and * short-run’
and ‘long-run’, when referring to periods of time.



parameters of the cointegrating regression do not respect the conditions & =0 and b= 1,CIPis

considered to hold in awesk form.**

Holmes and Pentecost (1996), test CIP using three-month Treasury Bill rates for five EU countries
agangt Germany, from 1979 to 1992. Having split the sample in 1983, to dlow the anaysis of two
ub-periods, they find evidence of cointegration only in the second, but even in this case the
parameter redtrictions are accepted only for the parity involving Belgian rates {is-a-vis German

0ones).

An andlyss of the stationarity of covered differentials based on unit root pand data tests, devel oped
by Holmes and Wu (1997), shows that CIP holds better, in the main EU countries, in a period
where capitd controls were dill in place, but foreign exchange markets were relaively cam, i.e,
from 1983 to 1990, than in more recent years (from 1990 to 1996), with no capita controls but with
foreign exchange turbulence. This result was confirmed by Holmes and Pentecost (1999), who
evauate the parity by means of stationarity tests on the first largest component of covered margins.

As noted before, the large mgority of empirica tests of CIP are developed using short-term assets.
To the best of our knowledge, only six published studies examine the vaidity of the parity for assets
with maturities higher than one year and, among them, only one uses data on forward exchange rates.
This is the case of Poitras (1992), who analysed series of covered differentids between US and
Canadian public bonds with three-, five-, sevent and ten-year maturities, from Juy to December of
1990. He found out that al mean covered deviations were significantly different from zero and
negative and, therefore, not in compliance with the parity.

Interest rate and currency swaps are the more adequate instruments to explore arbitrage
opportunities in the longer end of the maturity spectrum™ and, therefore, tests of CIP should reflect
this redity. The pioneer work in this area was developed by Popper (1993), who defined the

appropriate formulag,*® and coined the expression * swaps covered interest parity’.

Popper tests CIP in onshore and offshore markets, from 1985 to 1988. Her study involves assets
with maturities of five and seven years, denominated in Canadian dollars, Deutschemarks, Japanese

! See Throop (1994), and Fountas and Wu (1999).
1> See Fletcher and Beidleman (1991).



yen and Swiss francs, vis-a-vis the US dallar. As a benchmark for the tests of long-term CIP, the
parity is also assessed for three-month onshore assets. Deviations from the parity are andysed using
severd variability measures and mean absolute deviations. In some cases, the latter are found to be
gndler in long-term domestic markets than in Euromarkets. Popper explains this result in terms of
the difficulty of evauating the credit risk of Eurobonds. It is dso discovered that, for some
currencies, covered deviations are larger for short-term assets than for long-term ones. However,
since none of the differentids is found to be satigticdly different from zero, the sudy concludes that
CIP holds on both short-term and long-term markets.

Takezawa (1995) repesats the andyss of CIP developed by Popper, but for a longer time period
(from 1988 to 1994) and a smdler number of currencies only the paities involving the
Deutschemark, the Japanese yen and the Sterling pound, againgt the US dollar, are considered. The
author finds evidence of covered deviations which are Sgnificantly different from zero, from 1988 to
1990, but not in the second part of the sample, and concludes that financid integration in long-term

markets improved in recent years.

Fletcher and Beidleman (1991), and Hetcher and Taylor (1994, 1996) analyse CIP, from 1985 to
1989, using data on assets with five-, seven- and tenryear maturities, denominated in the same
currencies consdered in Popper’s work. The first and third studies are based on the estimation of
Tobit models, whereas the second contains a non-parametric andysis of the series of covered
differentids. All three produce evidence of many deviations from CIP which are satidicdly different
from zero and, in some cases, persgtent in time. Part of the deviations is judified in terms of
transactions costs, but unexploited profit opportunities, especidly in the longer maturities, are dso
reported.

Asfa aswe are avare, an empiricad investigation of the level of long-term capitad mobility within EU
countries was never developed, nor was long-teem CIP evauated using cointegration-based
techniques. It is therefore by developing such a study that we intend to make a contribution to this

area of the literature.

16 : _ - sw - sw
(24 iiem = em Tlitem - dtem
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3 - Data and M ethodology

Although the main objective d the andyss is to test long-term versions of CIP, one short-term
maturity is dso tested and used as a benchmark. The parity has received considerable support in
tests developed with short-term Eurorates and, consequently, these may be used to control the
quaity of our testing procedure and aso as a means of comparison for the results of tests on long-
term rates. Following the procedure that is common in short-term andyses of CIP in the EU,
Germany is consdered to be the domestic economy. The foreign countries that are anadysed are:

Belgium, France, Italy, the Netherlands and the United Kingdom (UK).

Short-term CIP is assessed using sx-month rates of Eurodeposts in London denominated in
Deutschemarks, Belgian and French francs, Itdian lire, Dutch guilders and Sterling pounds. These
are combined with spot and six-month forward rates of the Deutschemark againg the other five
currencies. The ‘swaps covered’ or long-term verson of the parity is tested usng redemption yields
on Eurobonds and on benchmark government bonds with maturities of three, five, seven and ten
years, denominated in the above mentioned six currencies” All these data have weekly frequency
and were collected from Datastream. Quiotations for interest rate and currency swaps are also used.
The former were supplied by DART and the latter result form our own calculations based on
DART srates.'®

The andysis covers the period from October 1992 to December 1997, a time span dictated by
currency swaps data availability. These quotations are rather difficult to obtain as they are collected
only by the main swaps deders who, very often, do not have long reliable historic series or, when
they do, rarely make them available for academic research. However, though the period of andyss
is regtricted by the availability of data, it is convenient in that it permits the analysis of the period that
followed the last mgor ERM crisis.

A number of details have to be taken into account before the data is ready to use in gpplied tests.
One important issue is the fact that the conventions followed in bonds and swaps markets, in what
concerns the frequency of fixed and floating payments, and the day-count basis, are not

1n the case of Eurobonds only five currencies are analysed as, according to information provided by the Central
Bank of Belgium, there are no Eurobonds denominated in Belgian francs.
8 DART stands for Data Analysis Risk Technology. DART is amember of the Intercapital group. The procedure
followed to obtain the currency swaps ratesis explained in the Appendix.
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homogeneous across the sample of countries that is consdered here. The UK and Belgian markets
adopted different procedures, so that rates quoted in pounds or Belgian francs have to be
transformed to conform with the ones quoted in Deutschemarks.

In Germany, France, Itdy and the Netherlands, fixed payments are made annudly and floating
payments twice a year, while the fixed day count basis is 30/360 and the floating day count basisis
Actual/360. In the UK both types of payments are made twice a year and the day count basis is
Actual/365. This counting basis was dso adopted by Belgium, for both fixed and floating payments,
even though this country follows the other EU members in what concerns the periodicity of
payments.

To make UK and Belgian data compatible, UK fixed rates had to be converted from semi-annua
into annua using the methodology suggested by DART:

. Amnual Yidd §_gg | Semi - Annual Yield o
100 g & 200 o

and both UK and Belgian rates had to be converted to a 360-day year count basis through
multiplication by 360/365.

In the empirical testing that follows, a smplified representation of CIP is adopted:
(3.1 il =i,

Thisis asmple way of specifying the parity for al maturities, and sates that, under CIP, the return
on a domestic asset, i, , has to equa the covered return on an identical asset denominated in a
foreign currency, i° . When dedling with the short-term rates, i isequd to i; + f, - s . For long-

£ SW : SWr

term assets, i tekestheform of i, . + it Ictem-

t,t+m

The parity is tested by means d tests of redtrictions on the estimated parameters of the following

regresson:
32 i” =k +hi +m

where m isaGaussan error term.



In order to conclude in favour of CIP, l:if and Bf may not be Satigtically different from zero and

one, respectively. When thisis not the case, the failure to accept CIP may be interpreted in terms of
the information provided by the datidtic tests. For example, the effect of factors preventing the
exploitation of covered margins, such as transactions costs and administrative obstacles to the flow
of capita across borders, may be captured by the intercept term. Country or politica risk, defined as
the probability of future government intervention in financid markets,*® may also be depicted by a
non-zero intercept. In fact, if investors anticipate that some type of capital controlsis likely to be put
in place, they may demand an extra premium on foreign investments, or may not exploit dl the
avallable profit opportunities for fear of not being able to recover the totdity of applied funds. On the
other hand, different tax rates on interest income and foreign exchange gains, unequd fisca trestment
of domegtic and foreign investors in the same market, reserve requirements or other forms of
financid regulations that do not prevent, but restrain, the free flow of capital, ater the dope of the
parity line and thus may lead to estimates of b which are satigticaly different from one.®

The univariate properties of the series of variables involved in expression (3.2) are of uttermost
importance for the estimation and testing routines. In fact, if i and i, are stationary, (3.2) may be
edimated using traditional regresson techniques, such as OLS, and the appropriate parameter
restrictions may be tested through standard procedures. However, if one or the two series are non
dationary, the use of OLS may produce inefficient estimates, irrespective of the exisgence of
cointegration between the variables, and the common t and F tests may be invdid. In this case, and
when i and i, are integrated of the same order, the tests of CIP may be developed by means of
cointegration-based analyses. We use Augmented Dickey-Fuller (ADF) unit root tests to assess the
dationarity of the series of nomina and covered interest rates. When the null of nongtationarity is not
rgected the study proceeds with the Johansen nethodology to test the existence of cointegration
between i and i, and, if thisisthe case, to estimate the cointegrating relaionships.

19 See Aliber (1973).
2 Dataimperfections may also produce b° * 1.
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4 - Tests of the CIP condition

ADF tests are used to investigate whether the series of German nomina and foreign covered interest
rates contain unit roots. When performing these tests we first consider the most generd modd, which
contains intercept and atime trend. In the large mgjority of cases, however, the time trend comes out
as datigticdly inggnificant and the results are never quditatively changed when the more complete
framework is condgdered. Therefore, the results shown are only those obtained with a model
containing intercept, but no time trend.?* In the interest of brevity, only the outcomes of ADF tests
performed on the variables in levels are reported, given that when the series in firgt differences are

andysed the null hypothesis of non-dationarity is aways clearly regected.

Table 4.1- ADF Unit Root Tests on Nominal and Covered Interest Rates (levels): 10/92- 12/97

Maturity G B F I N UK
Eurorates

6 months -3.0934" -30986" -2.9610" -3.2578" -31753" -2.9095"
© ® €) @) ©) ®

3years -2.0807 - -1.9148 18715 119117 20470
@ © @ @ ©

5years -1.4878 i -1.2536 -1.8005 -15578 -1.4069
@ © @ @ ©

7years -0.9252 i -0.8499 -2.1155 -1.1491 -1.0297
© © @ © ©

10years -0.9139 i -1.2455 -1.2295 -1.0741 -0.8699

0) () O © ©

Domestic Rates

3years -1.9673 -1.6902 -1.9049 -1.9668 -2.1857 -1.5594
© © © © © ©
5years -1.6384 -1.4980 -1.3668 -0.9177 -15085 -1.3860
© @ © @ © ©
7years -1.1852 -1.0430 -1.1437 -0.0845 -1.3664 -0.9750
© © © @ © ©
10years -1132%6 -1.0194 -0.9303 -0.9599 -1.7199 -0.9555
) ) ) ) ) )

Series of German rates are nominal interest rates; the other countries are covered interest rates. (k) isthe lag
length. " Indicates rejection of the null hypothesis of non-stationarity at the 5% level of significance. Critical
value: -2.8722.

Stationarity of i and i, isanecessary condition for enploying OLS in the estimation of (3.2) but,

according to the information presented in this table, such requirement is verified only for the series of
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short-term interest rates. In the latter case the assessment of the parity is developed by means of
OLS edtimation. On the other hand, the andysis of the interest rates that appear to be 1(1) is
developed within the cointegration context. Specificaly, we use the multivariate methodology of
Johansen and Jusdlius (1990) who propose maximum likelihood procedures, namely the Maximum

Eigenvalue and Trace tests, to assess the existence of cointegrating vectors between i, and i . The

results of these tests are shown in tables 4.2 and 4.3.

Table 4.2- Cointegration Likelihood Ratio Testson Long-term Eurorates: 10/92 - 12/97

Ho Ha, F | N UK
Iy test
r=0 r=1 1823 1591" 2766 2659
3years rel r=2 6.73 6.30 6.50 556
Tracetest
r=0 r31 2495 221" 3416~ 3216~
@ @ 2 @)
1 max test
r=0 r=1 1535 2229”7 1595~ 1590
Syears rel r=2 558 4.06 5.09 424
Tracetest
r=0 r31 2093" 26.35" 2063" 2024
@ 2 )] )]
r=0 r=1 9.73 21.78" 24.70" 16.36"
7 years rel r=2 3.16 284 454 6.00
Tracetest
r=0 r31 12.90 2462 29.23" 2036
2 2 @ ©)]
I yax test
r=0 r=1 13.80 15.60 21.14" 16.82"
10years rel r=2 273 290 256 3.66
Tracetest
r=0 r31 16.53 1850 2370”7 2048~
@ @ @ @

" Indicates rejection of the null hypothesis at the 5% level. (k) isthe lag length.
Critical values® | yuctest-r=0:15.87,r £ 1: 9.16; Tracetest-r =0: 20.18.

When conflicting results appear between the Trace and the Maximum Eigenvaue tests, as in the Euro
French five-year and the domedtic Itdian three-year rates against German’'s, we take as more
relevant the information supplied by the latter test. This procedure is in accordance with Johansen
and Jusdlius (1990) who note that the Trace test has lower power and is comparatively lessreliable.

% The order of augmentation of the DF tests (k) is determined as follows: first the maximum order is defined as
T3 then the appropriate value is chosen using the SBC.
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Table 4.3- Cointegration Likelihood Ratio Testson Long-term Domestic Rates: 10/92- 12/97

Ho Ha B F I N UK
I yax test
r=0 r=1 277" 21.32" 14.15 19.95" 26.11"
3years rel r=2 387 515 745 704 6.43
Tracetest
r=0 r3i 2665" 2647 22337 2699 354"
@ ©)] ©)] &) ©)]
I yax test
r=0 r=1 17777 2654 10.02 17.49” 1596~
Syears rel r=2 314 531 592 443 535
Tracetest
r=0 r3i 2092" 3184 15.94 21.92" 2071
@ @ ©)] 4 2
I uax test
r=0 r=1 2765" 1277 945 20.28" 260"
7years rel r=2 1.66 375 384 389 333
Tracetest
r=0 r3il 2931" 1652 13.30 2417 2593
)] )] )] @] 2
I yax test
r=0 r=1 6.25 14.16 1373 3556 3598"
10years rel r=2 165 2.67 352 319 326
Tracetest
r=0 r3il 7.89 16.83 17.26 3874 395"
@ ® ©)] )] 2

" Indicates rejection of the null hypothesis at the 5% level. (k) isthelag length.
Critical values® | yuctest -r=0:15.87,r £ 1: 9.16; Tracetest-r =0: 20.18.

The main condluson of the cointegration andlysis is that a cointegrating relationship gppears to exig,
for dl long-term maturities, both in domestic and Euromarkets, only between German and Duitch,
and German and UK rates. The three remaining pairs of interest rates reved faluresin rgecting non
cointegration and, in the case of domedtic Itdian rates, this falure is generdisad to dl the anaysed
maturities. According to the classification followed by Throop (1994), and Fountas and Wu (1999),
al the pairs of variables found to be cointegrated verify the weak form of CIP.

In relative terms, and taking into account that the pairs of Euro German and Belgian rates are not
andysed, there gppears to exist more cointegrating relationships in Euromarkets. In domestic ones
the absence of cointegration affects only long-term returns on assets denominated in the currencies of
those countries where fiscal problems were felt during the period of andysis. In Itay, the high public
deficits and debt, combined with political instability?”? must have contributed to the results observed

% There were various changes of government in Italy between 1992 and 1997.
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for domegtic long-term interest rates. In the case of Belgian and French rates, the acceptance of the
hypothesis of no cointegration for the longer maturities is dso possibly related with the high rete of
indebtedness of the Belgian state and with the failure of fiscd stabilisation in France, where attempts
to diminish public debt and to control deficits were not successful. CIP can only be consdered as a
good measure of capital mobility if the assets used in empirica evaduations are perfectly comparable.
It is very unlikely, however, that German investors consder the bonds issued by less “disciplined
governments as being of the same risk class as domegtic ones. Therefore, even though they may
acquire these foreign bonds, as part of a strategy of portfolio diversfication, higher risk premia are
certainly demanded. In these circumstances, domestic nomind and foreign covered returns may

behave in a non-coordinated way, and this is reflected in the results of cointegration tests.

The existence of cointegration between German nomina and foreign covered rates is a necessary,
but not sufficient, condition for the verification of the strong form of covered parity. It means theat
these rates are connected by a long-run relationship. However, for CIP to be accepted in its Strict
form, the cointegrating vector has to respect the necessary conditions of zero intercept and unitary
dope. The next sep in this andydsis then to estimate the coefficients of the cointegrating vectors, for
al the cases where the null of no cointegration was regected, and to submit them to hypotheses
testing. This is done by means of Johansen’'s methodology. In what the short-term maturity is
concerned, the fact that both nomind and covered interest rates are stationary indicates that the
parity may be tested by means of OLS estimation.

When i and i, are cointegrated, the following bivariate cointegrating vector in error-correction

form may be defined:

(4.1)
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where a, and a, are speed of adjusment coefficients, and the cointegrating relationship between

i” and i, isexpressed in the cointegrating vector: i, - B - b’i, ;.

Table 4.4 presents OLS edtimates of the parameters of regression (3.2) for sx-month rates,
maximum likelihood estimates of the restricted cointegrating vectors defined in modd (4.1) for the
longer term maturities, and tests of the adequate restrictions on dl estimated parameters.

Table 4.4- Estimates of CIP parametersand tests of the appropriaterestrictions: 60° =0and ff =1.

B F | N UK

5§ 65 | & & | & & | & & | & &

Eurorates

6mth | 00008 09825 | -00001 10011 | 00001 10227 | 00002 09918 | 00011 0.9703
(296) (0.83) (002  (001) | (0.02 (0.86) (1.49) (113) | (882°) (3%

3ys - - 00024 10514 | -00211 15250 | -0.0085 11803 | -00002  1.0145
(235) (289) | (7.317) (8427) | (87) (1917) | (002 (0.28)

5ys - - - - -00170 13868 | -00079 11556 | 0.0050 0.9034
(6637) (9697) | (6247) (7.297) | (196) (222

7ys - - - - 00444 18478 | 00023 09837 | 00137 0.7663

(1097) (1307) | (051 (010) | (796" (7.96)

10ys - - - - - - 00134 12367 | 00075 11017
(6247) (78) | (231) (1.98)

Domestic Rates

3ys 00043 09092 | 00011  1.0098 - - -00006 10370 | 0.0045 0.9402
(1.72) (2.01) (047  (0.09) (0.04) (053 | (11.77) (7.21)

5ys 00049 08984 | 00005 10202 - - -00015 10503 | 0.0003 1.0209
(0.39) (055) (047)  (0.25) (053 (1.66) (0.02) (0.15)

7ys 0.0001 1.0042 - - - - -00011 10548 | 0.0026 0.9844
(0.02) (0.04) (0.26) (212 (1.89) (0.28)

10ys - - - - - - -00007 10308 | -00013  1.03%4

027) (221) | (044 (1.75)

The valuesin brackets are the ¢? statistics for the tests of the restrictions: B® =0 and B° =1.
***** and " indicate rejection of the null hypotheses at the 1%, 5% and 10% levels.

Our andyss of short-term CIP is generdly supportive of the parity, as expected. All parameter
edimates are close to the vaues of zero and one (respectively for kif and Bf) and, with the

exception of the parity involving Sterling pound rates, the hypotheses of zero intercept and unitary
dope in the CIP regression, are not rgected at the 5% leve. For long-term rates, the parameter
edimates are dso smilar to the vaues indicated by theory, in both domestic and Euromarkets.

However, the number of rgections of parameter redrictions is much higher in Euromarkets than in

18



domestic ones. With the exception of Itdian government bonds, for which no evidence of
cointegration with German bonds could be found, al remaining results are more supportive of CIPin
domestic markets than in Euromarkets, thus suggesting thet the level of capita mohbility is higher in the
former. Popper (1993), who also found rdlatively better resultsin domestic markets, refers that these
results may reflect the higher degree of difficulty in assessing credit risk in Euromarkets. Another
possble explanation is related to the better qudity of domestic data by comparison with
Euromarkets data. In fact, dthough al redemption yields are collected from Datastream, domestic
guotations are from individua benchmark government bonds, and Eurobond yields are derived from
yield curves built by Datastream. It is therefore likely that the fallure of the strong form of CIP in
Euromarkets is due to the lack of comparability between the underlying assets. However, the fact
that other empirica assessments have obtained quditatively identica results make us believe that the
former judtification is more credible than that of datainadequecy.

Using the results of tests on short-term CIP as a benchmark, it may be concluded that long-term
capitd is perfectly mobile only between Dutch and German domestic markets. In the case of the
UK, capitd mobility appears to be higher for long-term domegtic capitd than for any of the
remaining types anaysed here. The other countries digplay failures of the wesk form of long-term
CIP, in both domestic and Euromarkets, and this may be interpreted as evidence of imperfect capita
mobility. Where the wesk form of the parity may not be regected, domestic markets produce
relatively more examples of compliance with the strong form of CIP than Euromarkets. In the latter
case, the parameters redtrictions are practically aways rejected.

5 - Conclusions

The CIP condition is empiricaly tested with the objective of evauating the degree of capita mobility
between Germany and five EU countries. The parity is anaysed for one short-term maturity (Sx-
month rates) and four long-term maturities (three-, five-, seven and ten-year rates), from October

1992 to December 1997. This andysis, not previoudy developed within the EU, is of prectica
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interest given the importance of integrated financid markets for the smooth functioning of both

monetary and economic integration.

It is nowadays well established that short-term capitd isrelatively mohbile, especidly in Euromarkets.
Our own tests are supportive of this fact. In what respects long-term rates, however, a number of
falures of the parity, both in its weak and strong forms, are reported here. Specificdly, CIP fails for
some maturities of French and Itdian rates, offshore, and for dl Itdian rates and the longer maturities
of Belgian and French rates, onshore. In the remaining cases the strong form of the parity is generdly
accepted in domestic markets, but often rejected in Euromarkets.

The levd of cgpitd mohility prevaling within a group of countries indicates the ease with which funds
may be trandferred, for instance to take advantage of arbitrage opportunities. Our andys's indicates
that, as of October 1992, no sgnificant obstacles prevent the free flow of short-term capita between
Germany and the mgor EU countries. In long-term markets, however, perceived differences in the
quality of domestic and foreign debt gppear to ill be able to drive wedges between the German and
the Belgian, French and Italian markets. This factor, which affects mainly the mobility of longer-term
funds, may persst in a complete monetary union. Thiswill probably occur if sovereign debtors fail to
comply with wheat is established in the Stability and Growth Pact, or if information inefficiencies make
the evauation of the risk of foreign debt difficult for domestic investors. Consequently, despite the
fact that no indtitutiond barriers restrain the movements of capita within the EU, the less disciplined
debtors may find it difficult to attract long-term funds, even in the abosence of foreign exchange rate
rsk.

APPENDI X:

The data set supplied by DART contains series of rates on bads currency swaps involving the BF,
DM, FF, ITL, NLG and £, againg the US$ (different currencies floating rates, againg flat US$
LIBOR), and rates on vanilla interest rate swaps denominated in the same currencies. Therefore, in
order to obtain the series which are appropriate for our study, two main transformations are applied

to DART’s quotations. Firg, US$ currency basis swaps are converted into DM currency basis
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swaps. Then, these DM quotations are combined with interest rate swaps denominated in each of

the foreign currencies, to obtain vanilla currency swaps quoted against DM floating rate.

The method used in the first of these two steps (converting US$ currency basis swaps into DM

currency basis swaps) is described using, as an example, the following table of quotations?

CHF/ DM/ FF/ ECU/ JPY/
US$ 1/1.75 2/25 1/2 -1.75/-0.5 -9/-7
CHF - 0.25/15 -0.75/1 -35/-15 | -10.75/-8
DM -1.5/-0.25 - -15/0 -425/-25 | -115/-9
FF -1/0.75 0/15 - -3.75/-15 -11/-8
ECU 15/35 2.5/4.25 1.5/3.75 - -8.5/-5.25
JPY 8/10.75 9/115 8/11 5.25/8.5 -

The table contains ask and bid rates for currency basis swaps. The firgt line shows quotations for
swaps involving the Swiss franc (CHF), the DM, the FF, the ECU and the Japanese yen (JPY)
agang flat US$ LIBOR. For ingtance, the numbers 1 / 1.75, which appear in the first square,
indicate that Tradition SA. is willing to pay CHF LIBOR plus 1 bass point (ask rate) aganst
receiving USS flat, and to receive CHF LIBOR plus 1.75 basis points (bid rate) against paying US$
LIBOR flat.* The remaining quotations, which do not involve the USS$, are obtained using the vaues
inthefird line

Having the quotes for CHF/US$ and for DM/USS$ basis swaps we may obtain CHF/DM rates. The
ask rate for the CHF/DM swap (third square in the first column) is the difference between the ask
rate on the CHF/USS$ swap and the bid rate on the DM/US$ swap, wheress the bid rate for the
CHF/DM swap is obtained by subtracting the bid rate on the CHF/US$ swap from the ask rate on
the DM/USS$ swap:

CHF/US$ swap ® ask rate=1; bid rate=1.75

% This table was published in Tradition S.A.’ s Internet homepage, on the 4™ of November 1997.
% The convention in swap market is to quote basis swaps as the spread added to one currency LIBOR, in
exchangefor flat LIBOR in other currency (see lben (1991)).
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DM/US$ swap ® bid rate = 2.5; ask rate = 2

CHF/DM swap ® ask rate =-1.5; bid rate = -0.25

In the sample of data supplied by DART we have bid and ask rates for currency basis swaps
involving each of the currencies used in our study, againgt the US$ (DM/USS$, BF/USS$, FF/USS,
ITL/US$, NLG/US$ and £/US$). Therefore, the bid and ask rates of the necessary currency swaps
(BF/DM, FF/DM, ITL/DM, NLG/DM and £/DM) are obtained using the procedure described

above. For the case of the FF, we have:

FF/DM basis currency swap (bid rate) = FF/USS$ basis currency swap (bid rate) - DM/US$ basis
currency swap (ask rate)

and

FF/DM basis currency swap (ask rate) = FF/USS$ basis currency swap (ask rate) - DM/USS$ basis
currency swap (bid rate).

Having the quotes for currency basis swaps againg the DM, we combine them with interest rate
swaps denominated in each of the five foreign currencies, in order to obtain vanilla currency swaps
(fix-to-floating). As referred before, vanilla currency swaps permit the converson of foreign

currency fixed interest rates into domestic currency floating rates®

Continuing with the FF/DM example, we have:

% Therefore, the quotations on vanilla currency swaps involving DM floating rates against each of the other
countries fixed rates provide the necessary datafor the variable if}fm. Datafor if{sm, i.€., quotes on DM interest

rate swaps are directly available.



FF/DM vanilla currency swap (bid rate) = FF interest rate swap (bid rate) + FF/DM basis
currency swap (bid rate)

and

FF/DM vanilla currency swap (ask rate) = FF interest rate swap (ask rate) + FF/DM basis
currency swap (ask rate).

If the quotations are, for instance, FF interest rate swap - bid rate: 5.51%, ask rate: 5.47%, and
FF/DM basis currency swap - bid rate: 2.5 b.p., ask rate: -3 b.p., then for the FF/DM vanilla
currency swap the bid rate would be 5.535% and the ask rate 5.44%.

With the above quotations, if the redemption yields on German and French government bonds of
identicd maturities are, respectively, 6% and 5%, for the CIP condition to hold, the ask rate of the
appropriate DM vanilla interest rate swap would have to be equa to 6.44%. This rate ensures that,
for a German investor, there is no difference between investing in a German bond and earning 6%, or
investing in a French bond, converting the French fixed rate into a floating DM rate, via the currency
swap, and findly converting the DM floating rate into a DM fixed rate, via an interest rate swap. In
these swap transactions the investor first pays FF 5.44% and receives flat DM LIBOR (currency
swap) and then pays flat DM LIBOR and receives DM 6.44%. Since the floating rates cancel o,
thefind return is5% - 5.44% + 6.44%, i.e. 6%.
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