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1. Introduction
The aim of this paper is to examine the stochastic behaviour of long-term interest rates in Europe

as well as their long-run linkages



suggests less controllabity (see also Cassola and Morana, 2008, in the case of interest rates of one-
week maturity). Most recently, Caporale and Gil-Alana (2016) concluded that the Euribor rate can
be characterised as a highly persistent process with a cycle length of 6 years approximately.

An interesting issue is whether interest rates are linked in the long run. According to the
theory of interest rate parity, given perfect capital mobility, fixed exchange rates and perfect
capital markets, interest rates will be equal across countries. However, the presence of market
imperfections implies that interest rate differentials across countries will still be found. Stronger
linkages should be expected between international real rates than nominal rates, given the ‘Fisher-
open condition’ implying equality between expected real rates of interest in different countries.

Interest rate linkages have often been investigated in the literature by carrying out



relationship can be very slow, i.e. shocks are allowed to have highly persistent effects, albeit
disappearing in the long run. The motivation for this type of modelling approach is that the
assumptions imposed by standard unit root and cointegration tests might be too restrictive;
therefore it is important to consider the possibility of fractional orders of integration/cointegration
with a slow rate of decay. Following their study, we also use a fractional integration/cointegration
framework, but focus instead on long-term European rates. The layout of the paper is the
following: Section 2 outlined the methodology; Section 3 presents the empirical results; Section 4

offers some concluding remarks.

2. Methodology

In this paper we use fractional integration and cointegration techniques widely employed for
analyzing macroeconomic and financial time series (Gil-Alana and Robinson, 1997; Gil-Alana,
2003; Gil-Alana and Hualde, 2009). For our purposes, we define an 1(0) process as a covariance
stationary one with a spectral density function that is positive and finite at the zero frequency. This

includes white noise as well as



model of Bloomfield (1973), which is a non-parametric method for approximating ARMA
processes with only a few parameters (Gil-Alana, 2004c). Our approach is based on the Whittle
function in the frequency domain (Dahlhaus, 1989), but we also use the Lagrange Multiplier (LM)
test of Robinson (1994) for the null d = d, in (1) for any real value of d,. In addition, we apply a
semi-parametric method that does not impose any functional form on the I1(0) error term; this is
based on a “local” Whittle approach developed by Robinson (1995), Velasco (1999) and Abadir et
al. (2007) among others.

We then test for cointegration between long-term interest rates on a pairwise basis. A
necessary condition for cointegration is that the two parent series display the same degree of

integ



First we follow the parametric approach of Robinson (1994) with the Whittle estimates in
the frequency domain (Dahlhaus, 1989). We consider the standard cases of i) no regressors, ii) an
intercept, and iiii) and an intercept with a linear time trend. The results for the case of white noise
disturbances are displayed in Table 1.

[Insert Table 1 about here]

The most appropriate specification appears to be the one including an intercept only, since
the time trend coefficients (not reported) are found to be statistically insignificant in all cases. The
estimated values of d are always above 1, ranging from 1.07 (Hungary) to 1.44 (Slovakia), and the
unit root null hypothesis (i.e., d = 1) cannot be rejected in the cases of France, Belgium, Spain,
Austria and Hungary). In all the other countries the value of d is significantly higher than 1.

[Insert Table 2 about here]

Table 2 focuses on the case of autocorrelated (Bloomfield) errors. The estimated values of

d are now substantially smaller, and significantly higher than one only for Lithuania (1.32),

Portugal (1.31), Luxembourg (1.30) and Greece (1.17). The unit root



finally, there is evidence of d > 1 for Greece, Portugal, Latvia and Lithuania. When d < 1



Italy, Greek ones with those in Portugal, Italian ones with those in Cyprus.® Other fractionally
cointegrated relationships are found between the interest rates of Cyprus and Lithuania, Malta and

Slovakia, and Austria and the Netherlands with Finland and Denmark.
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Table 4: Homogeneity condition tests (Robinson and Yajima, 2001)
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Table 5: Summary of the homogeneity test results

GERMANY France, Netherlands, Austria, Finland and Denmark

FRANCE Germany, Belgium, Netherlands, Austria, Finland, Denmark and Hungary
BELGIUM France, Malta, Netherlands, Austria, Slovakia, Finland and Hungary

IRELAND Spain, Italy, Luxembourg, Slovakia and Czech Republic

GREECE Portugal, Latvia andLithuania

SPAIN Ireland, Italy, Luxembourg, Slovakia and Czech Republic

ITALY Ireland, Spain, Cyprus and Luxembourg

CYPRUS Lithuania

LUXEMBOURG | Ireland, Spain, Italy, Slovakia and Czech Republic

MALTA Belgium, Austria, Slovakia, Finland, Czech Republic and Hungary
NETHERLANDS | Germany, France, Belgium, Austria, Slovakia, Finland, Czech Rep and Hungary
AUSTRIA Germany, France, Belgium, Malta, Netherlands, Finland, Denmark and Hungary
PORTUGAL Greece, Latvia and Lithuania

SLOVAKIA Belgium, Ireland, Spain, Luxembourg, Malta and Czech Republic

FINLAND Germany, France, Belgium, Malta, Netherlands, Austria, Denmark and Hungary
CZECH REPUB. | Ireland, Spain, Luxembourg, Malta, Slovakia

DENMARK Germany, France, Netherlands, Austria, Finland and Hungary

LATVIA Greece and Portugal

LITHUANIA Greece, Cyprus and Portugal

HUNGARY France, Belgium, Malta, Netherlands, Austria, Finland and Denmark
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Table 6: Testing the null hypothesis of no cointegration against fractional cointegration

Countries Hio Hao d; d, d*
FRANCE 0.755 0.317 0.601 0.633 0.692
NETHERLANDS 0.350 0.004 0.601 0.670 0.663
GERMANY AUSTRIA 0.044 1.471 0.601 0.706 0.579
FINLAND 2.605 0.373 0.601 0.706 0.770
DENMARK 1.662 1.164 0.601 0.623 0.736
BELGIUM 0.265 0.858 0.633 0.784 0.687
NETHERLANDS 0.633 0.670 0.409
FRANCE AUSTRIA 0.633 0.706 0.442
FINLAND 3.468 0.633 0.706 0.418
DENMARK 0.029 0.071 0.633 0.623 0.651
HUNGARY 0.446 3.504 0.633 0.759 0.563
MALTA 0.784 0.822 0.339
NETHERLANDS 1.014 0.033 0.784 0.670 0.651
BELGIUM AUSTRIA 0.015 0.385 0.784 0.706 0.771
SLOVAKIA 0.784 0.931 0.292
FINLAND 0.296 0.040 0.784 0.706 0.727
HUNGARY 2.219 1.565 0.784 0.759 0.628
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