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Abstract
This paper aims to evaluate how the ex ante real interest rates of Euro area countries have
been modified by the introduction of the euro. We use cointegration analysis with
endogenous breaks in a panel data context. Our results show that the "euro effect" is
significant in our sample and that after the introduction of the euro, the real interest parity
(RIP) holds. This last conclusion is due to a decrease in the nominal interest rate differentials
rather than to a reduction in goods and services price differentials and in the exchange rate
volatility.
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1. Introduction
The switch from a multiple currencies regime to a monetary union modifies the
conditions of the realisation of the real interest parity (hereafter RIP) between countries of
this area. Indeed, as the adjustment associated with the exchange rates is not perfect
(exchange rates are volatile and therefore may increase uncertainty), the suppression of a
multiple currencies regime implies that comparisons between domestic and foreign interest
rates and between the prices of domestic and foreign goods and services are made easier.
Thus, the adoption of a common currency should deepen integration between countries of the
monetary union.
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However, the increase of both financial and economic competition, following the
suppression of exchange rate premia and uncertainty associated with exchange rate volatility,
does not necessarily promote the convergence of real interest rates as the Optimum Currency
Area (OCA) theory suggests (Frankel and Rose, 1998). Indeed, the deepening of competition,
by supplying better opportunities that take advantage of economies of scale, may promote
geographic concentration of industries and may therefore increase divergence in business
cycles between countries of a monetary union (Krugman, 1993; Krugman and Venables,
1996). If so, the real interest rates between countries of a monetary union tend to diverge
from one another.
In this paper, we propose to assess whether or not a shift toward a common currency
regime has increased the convergence of the ex ante real interest rates of euro countries (i.e.,
the European Monetary Union (EMU) countries which have adopted the euro). The method
used in this article consists of testing the stationarity of real interest rate differentials with
endogenous multiple breaks based on the work of Carrion-i-Silvestre et al. (2005). When
these differentials are stationary with no significant intercepts and trends after the
introduction of the euro, we can conclude that the RIP holds as arbitrage options are
exhausted between euro countries. Moreover, we apply this method to the uncovered interest
parity (hereafter UIP) and to the relative purchasing power parity (hereafter PPP). As in
Cheung et al. (2003), it will enable us to appraise how the financial and the real integration
have been respectively modified by the introduction of the euro. And, since the sufficient
condition for the RIP to hold is that both the UIP and the PPP prevail, we will strengthen the
results obtained by the analysis of RIP. A further analysis appraises the evolution of the
weight of UIP and exchange rate to explain deviations from RIP.
This article proceeds as follows. In the next section, we describe our data. Section 3 deals
with the specificity of RIP test strategies, and Section 4 deals with RIP in a monetary union.
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Section 5 is devoted to the method we use for testing the RIP with endogenous breaks, while
Section 6 presents the results. Section 7 concludes.

2. Data
We work with monthly data from Datastream International and the Central Bank of
Portugal (See Appendix A for a detailed description of data). The considered series are the
three-month interbank offered rates (hereafter IBOR 3-month) and the consumer price
indexes for Austria (AUS), Belgium (BEL), Finland (FIN), France (FRA), Germany (GER),
Ireland (IRE), Italy (ITA), Netherlands (NET), Portugal (POR) and Spain (SPA)1. The
exchange rates for each pair of countries are also taken into account. In order to work with a
balanced panel, the considered period is 1994M1-2005M12. The series are seasonally
adjusted by using a multiplicative moving average method.
We constitute all the possible single pairs of countries (i.e., 45 pairs

1 /2).

With regard to the results, we focus our analysis for each where Germany is the partner
country since it has played a key role in the introduction of the euro (cf., De Grauwe, 1997;
and Holmes, 2002).
The considered period starts on the 1st November 1993, when the Treaty of Maastricht on
European Union took effect. The Treaty aims to establish an economic and monetary union.
Three successive events set the stage for the establishment of a single currency. The first,
which liberalised capital movements, began the 1st of January 1990. The second stage began
the 1st of January 1994 and provided for convergence of the Member States’ economic
policies. The third started the 1st of January 1999 with the creation of a single currency and
the establishment of the European Central Bank.

1

Luxembourg and Greece are not included in our sample. The reason for the exclusion of Luxembourg is the
absence of the IBOR 3-month in our database. Greece has been excluded because, as the euro was only
introduced at the beginning of 2002, its convergence process occured later than for the other euro countries.
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These events have two effects on ex ante real interest rate differentials. We observe on a
diminution of the risk premium (in our model

) and a process of convergence toward 0 of

ex ante real interest rate differentials (in our model

must be significant before the

introduction of the euro and equal to 0 after).
Ex ante real interest rates are obtained for each country by subtracting the expected
inflation rate (estimated using an AR(1) model2) from the nominal interest rate. For testing
the UIP (PPP), we subtract from nominal interest rate differentials (expected inflation rate
differentials) the variation rate of the expected exchange rate (estimated using an AR(1)
approach3).
The Hadri Z-stat indicates that we strongly reject the null hypothesis H0, that is that at
least one pair of real interest rate differentials has a unit root (cf. Table 1). The individual LM
statistics confirm this result as H0 is rejected at a 5% level of significance, for the great
majority of the differentials except for some differentials of historical countries of the
European Economic Community (Germany and Belgium, France and Belgium, France and
Netherlands and Belgium and Finland).
[Table 1 about here]
3. RIP test strategies
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Several measures might have been taken into account for measuring expected inflation as Baharumshah et al.
(2005), Baxter (1994) and Larsen, May and Talbot (2003) suggest it. These procedures are: 1) to use surveybased measures of inflation expectations, 2) to use econometric models to provide estimates of expected
inflation, 3) to obtain an inflation forecast from an estimated time series model, such an ARMA model, or 4) to
compute the exponential smoothing or moving average of the actual inflation series. In this article, we use the
AR(1) model to measure the expected inflation rate. This method may not be the optimal one for calculating the
expected inflation rate. However, it is applied in our study as it has been the main method used in recent papers
estimating the expected inflation rate (cf., Holmes and Maghrebi, 2006; Baharumshah et al., 2005; Larsen, May
and Talbot, 2003; and Baxter 1994 ).
3
More precisely, the variation rate of the expected exchange rate of a pair of countries is the log of the
difference between the expected exchange rate and the actual exchange rate of this pair. The expected inflation
rate of the considered country is calculated as the log of the difference between the expected CPI and the actual
CPI of this country.
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Two methods are used for testing RIP. The first one uses OLS regression (cf., inter alia,
Mishkin, 1984; Mark, 1985; and Cumby and Mishkin, 1986)4:
,

α

β

(1)

,

In the equation (1), RIP prevails when the hypotheses α

0 and β

1 cannot be rejected.

The problem arising from this method is that, except in a few cases (cf., inter alia, Fujii
and Chinn, 2001), the ex ante (and ex post) real interest rates appear to be nonstationary.
Consequently, the more recent studies use cointegration analysis when real interest rates are
I(1) by imposing the restriction (α

0 and β

1) on the long-run relationship such that

equation (1) can be rewritten as:
,

,

(2)

If the residuals of equation (2) are stationary, then the real interest rates are cointegrated: the
RIP holds. Contrasting results are obtained. The first method, which assumes the stationarity
of real interest rates, rejects RIP most of the time. However, tests which used the second
method, have found more support for the RIP (cf., inter alia, Modjtahedi, 1988).
Most of the studies on RIP are based on time series data, which is not robust for unit root
testing. To resolve this problem, recent analyses test RIP by using panel data (cf., inter alia,
Wu and Chen, 1998; Baharumshah et al., 2005). Results do not appear to be different from
those obtained with time series, as real interest rate differentials are not systematically
stationary.
Another weakness linked to the use of time series and panel data in the study of RIP is the
possible presence of structural breaks. It is well known that such a feature may induce a
fallacious lack of long-run relation between the variables. To solve this problem, Holmes
(2002) takes into account the presence of structural breaks and truncates a sample of

4

Studies use ex ante and/or ex post real interest rates. Here, we present the case where ex ante real interest rates
are considered. Thus, we can neglect the unbiasedness hypothesis (i.e., the rational expectations) (cf., Frankel,
1982).
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European Union countries between the dates of 1979-1998 into 4 subperiods. However, the
weak point of such a study is that breaks are exogenously determined. This article proposes to
determine breaks endogenously in the RIP relationship and then perform a cointegration
analysis in a panel data context for a sample of euro countries.

4. RIP, economic integration and monetary union
Based on arbitrage forces in financial and goods and services markets, the ex ante real
interest parity implies the equality of domestic and foreign expected real interest rates:
,

where

,

and

,

(3)

,

are the domestic and the foreign real interest rate, respectively at date t

for an asset of maturity t+k and
the Fisher's equation (i.e.,

represents the expectations at date t for a date t+k. From
,

,

,

), equation (3) can be rewritten as

follows (cf., Frankel and MacArthur, 1988):
,

,

,

(4)

,
,

where
date

,

and

,

,

are the domestic and the foreign nominal interest rates, respectively, at

for an asset of maturity

,

log for delivery and payment at date

is the forward discount rate at time
,

expressed in

is the direct quotation of the nominal exchange

rate (i.e., the number of domestic currency units for one unit of foreign currency) expressed
in log, and

,

and

,

are the expected inflation rate of the domestic and the

foreign consumer price levels expressed in logarithms, respectively, between dates

and

.
Following equation (4), a differential between ex ante real interest rates is due to: (1) the
lack of financial market integration when the covered interest parity is not verified and the
implication of frictions from capital controls, (2) the inefficiency of financial markets from
6

imperfect information and/or incorrect expectations when the forward discount rate is not a
perfect predicator of the expected exchange rate, and (3) the lack of integration of the goods
and services markets when the relative purchasing power parity does not hold. These
deviations are mainly explained by weak mobility and substitutability of inputs, home bias in
consumption, pricing to market, untraded goods and variations in transaction costs.
After 1999, the introduction of the euro has simplified conditions for the realisation of the
RIP between euro countries. Indeed, the efficiency of financial markets is no longer the issue
and RIP can be decomposed as:
,

,

,

,

,

(5)

,

In this context, the RIP between euro countries only measures the degree of financial and real
integration and not financial market inefficiencies.

5. Method
For testing the stationarity of ex ante real interest rate differentials, we implement the
method of Carrion-i-Silvestre et al. (2005):
∑

,

where

,

,

,,

∑

,

,

(6)

,

is the expected real interest rate differentials for the pair i of countries.

a dummy variable which takes the value 1 when
for the ith country pair, with
equal to

for

breaks coefficients (

1, . . . ,

and

, (where

,

,

is

denotes the lth break date

1), and 0 otherwise. The variable

and 0 elsewhere. Note that the constant
,

,,

, the trend

,

is

and the

) may be specific to each ex ante real interest rate differential.

Under the null hypothesis of a stationary panel with multiple shifts, the test statistic
follows the standard Gaussian law:
√

0,1
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,

The Lagrange multiplier is equal to:
∑

LM
where
,

∑

(7)

,

is the consistent estimate of the long-run variance of the error term
∑
̂

,

, and

represents the partial sum process of the estimated ordinary least squared

(OLS) residuals. The LM stat depends on the number and on the localisation of breaks as
denoted by λ.
We proceed as follows. First, we test if the differentials of ex ante real interest rates are
stationary by applying the Hadri Z-test and individual Kwiatkowski-Phillips-Schmidt-Shin
(KPSS) tests. If we reject the null hypothesis that there is at least one ex ante real interest rate
differential which has a unit root, then we must introduce breaks as in equation (6) and test
the stationarity of ex ante real interest rate differentials again. Then, as the RIP can be
decomposed into UIP and PPP, we test if the differentials associated with these relationships
are stationary.

6. Results
As can be seen from the results, the RIP does not seem to prevail in the euro area, except
for a few country pairs. Thus, we introduce breaks into the equation. For detecting breaks,
which can be located at different dates for each country, we apply the method proposed by
Bai and Perron (1998, 2003)5. The maximum number of break points (

5

is equal to 3.

For a discussion on the methods used for detecting breaks see Carrion-i-Silvestre et al., 2005.
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Given

, the detection of breaks consists of estimating their position for each
,i

1,2,3. Then we test the significance of the breaks by computing the global

minimum of the SSR. We identify the optimal number of breaks and their location through a
LM test strategy. First, using a LR test, we compare the likelihood of the "best" 1 break (min
SSR criterion) and the no break model with an amount of trimming specified as
0.10 , 0.90 . If the null is rejected, then we compare the likelihoods of the "best" 2 breaks
model with the "best" 1 break model, and so on.6
The results show that we cannot reject the null associated with the Hadri Z-stat at a 5%
level: the ex ante real interest differentials are stationary, at least around a constant and a
trend, for each pair of countries after accounting for the breaks (cf. table 2).

[Table 2 about here]

Differentials of ex ante real interest rates have two breaks at the minimum and in most of
the cases, three breaks. They are located between 1995M1 and 1997M8 for the first two
breaks and between 1997M4 and 1999M4 for the last one. Table 3 presents the results
associated with the real interest rate differentials between Germany and the other countries of
the euro area.7
The first and the second breaks seem to be due to the rise of United States short-term
interest rates. Between 1994 and 1995, the US three-month interbank rate increased from 3%
up to more than 5.5% and probably had different impacts on European interest rates, so that
real interest rate differentials between EMU countries tended to be disconnected. However,
the last break may be associated with the arrival of the euro. Most of the time, the break

6

In order to strengthen these results, we also use a Bayesian information criterion to detect endogenous breaks
(Wang, 2006). The dates of the breaks are quite the same as those presented here.
7
The whole of the differentials are available on request. The results are similar to those presented here.
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happened earlier for the "core" countries of the EEC (that is at the end of 1997). For the other
countries, the break is located at the end of 1998. Two exceptions can be found: in Finland,
where the break is located at the end of 1997, and in the Netherlands, where the break
occurred at the beginning of 1999.
Before the last break, constants, which can be associated with the risk premium, are
highly significant for most differentials, with a negative sign. Thus, as could be expected, the
risk premium is in favour of the German expected real interest rate which can be up to 1000
basis points more compared to the Italian expected real interest rate. However, after the last
break, the constant is not significant at the 5% level. Risk premia have disappeared between
real interest rates with the introduction of the euro.
Moreover, the trend is positive and highly significant between the second and the third
break (between the first and the second break for the real interest rate differential between
Germany and Portugal as there are only two breaks), which seems to indicate that the
differentials converge to 08. During the last period (after the last break), the trend is not
significant at the 1% level. Therefore, we cannot reject the null hypothesis of stationarity of
expected real interest rate. Moreover, both the constant and the trend are not significantly
different from 0 for each expected real interest rate differential after the last break associated
with the euro effect. Hence, this means that expected real interest rate differentials are not
different from 0 with no trend. We may therefore state that after the last break expected real
interest rate differentials are stationary around 0 and the RIP holds in the euro area.

[Table 3 about here]

8

With this method, it is not possible to know if real interest rates of euro countries converge to the German real
interest rate. However, we can assume it.
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We now try to check if the UIP and the PPP hold. There are two reasons for these tests.
First, as we show in equation (2), a sufficient condition for the RIP to hold is that both the
UIP and the PPP hold. Thus, we need to conduct these tests to strengthen the results obtained
above. Moreover, UIP can be used as a measure of financial markets integration and PPP as a
measure of goods and services markets integration. By using these measures, we will clarify
how the integration of these markets has evolved before and after the introduction of the euro.
We test the stationarity of the nominal interest rate differentials and the expected inflation
rate differentials net of the variation rates of the expected exchange rate (Table 4), by using
the following regression:
,

Π
where

∑

,
,

∑

,
,

and

,

Π

,

∑

,,
,

,,

,

∑

,

,

,

,

(8)
,

(9)

are the nominal interest rate differentials and the ex ante inflation

rate differentials for the pair of countries i. The Hadri Z-test with no breaks indicates that we
strongly reject the null for both the UIP and the PPP tests. Once the breaks are taken into
account, then, as for real interest rate differentials, we cannot reject the model with constant
and trend the null at a 5% level for the UIP test and at a 1% level for the PPP test.

[Table 4 about here]

Breaks, constants and trends in the UIP test are close to those obtained with ex ante real
interest rate differentials (Table 5). Indeed, as for the analysis of ex ante real interest rate
differentials, three significant breaks are detected except for the pair Germany-Portugal
where we only retain two breaks. The last break seems to be associated with the beginning of
the period of the euro. For ex ante real interest rate differentials, constants and trends are not
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significant after the last break. Thus, we can conclude that the UIP prevailed between euro
countries after the introduction of the euro.

[Table 5 about here]

The results are different for the PPP test (Table 6). Indeed, most countries have only one
or two breaks and for the pair Germany-Netherlands, where no breaks are significant. Also,
since the end of 1996, except for the pair Germany-Finland and Germany-Ireland, constants
and trends are not significant. Therefore the introduction of the euro has a moderate effect on
goods and services price convergence. And thus, according to these results, the PPP prevails
more than 2 years before the euro.

[Table 6 about here]

This study shows that both financial and real integration prevail between euro countries
after the introduction of the euro. With regard to the financial integration, the putting in place
of the euro has deepened arbitrage operations, so that the UIP could be verified. However, for
most countries, the real integration prevailed several years before the euro. These results are
in line with previous research on this subject. In particular, Koedijk et al. (2004) present
evidence in favor of relative PPP within the euro area over the period 1973-2003 when
individual heterogeneity is taken into account. Interestingly, as in our study, they find that
"neither the Maastricht Treaty nor the introduction of the euro has a reliable effect on the test
[of PPP]". Moreover, Gikas et al. (2006) find that bond yields and inflation rates converge in
the euro area in the 1990s and that this convergence leads to full integration.
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These tests raise the question of the evolution of the weight of each component in the
explanation of the deviations from RIP. In particular, we ask whether the variations of the
exchange rate may explain significant differentials that prevail before the introduction of the
euro. To this end, for each pair of countries, the correlations of nominal interest differentials
and expected exchange rates with real interest differentials are considered.

[Table 7 about here]

The nominal interest rate differentials are highly (and positively) correlated with the
differentials of the ex ante real interest rate. The introduction of the euro plays a minor role
because even if the coefficients tend to decrease after the last break, they remain relatively
high. The expected exchange variation rates cannot explain the diminution of ex ante real
interest rate differentials. In most cases, correlation coefficients are close to 0 after the first
period (Table 7).

7. Conclusion
We have used European data on interest rates, inflation rates and exchange rates to
appraise in what extent the real interest rates of European countries have converged with the
introduction of the euro. Cointegration techniques with panel data show that the creation of
the euro has an impact on the RIP of European countries. More precisely, the establishment
of a monetary union has encouraged the convergence of countries belonging to the monetary
area as the endogenous optimum currency area theory suggested it would. Indeed, after the
last break, which can be attributed to the euro effect, the RIP holds. Moreover, the creation of
the euro seems to have a stronger impact on financial integration (UIP holds after the
establishment of the euro for each differential) than on real integration (PPP holds for most
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pairs of countries a few years before the introduction of the euro). Lastly, the euro effect
cannot be directly associated with the end of European currencies but more with the
convergence of money markets. This empirical study needs a more general application in
order to test the link between exchange rate regime and integration as measured by RIP.
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Appendix A: Datastream codes
The datastream codes are given in table 8.
[Table 8 about here]
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