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Abstract
Purpose – This paper aims to briefly review the literature on interest rate convergence and the European
debt crisis with a special focus on the current fiscal problems of some governments in Europe.
Design/methodology/approach – Relevant empirical papers are identified and reviewed focusing on
time series analysis techniques.
Findings – The introduction of the euro has caused interest rate convergence among European Monetary
Union (EMU) government bond yields. However, now sovereign credit risk and possibly even redenomination
risk have caused divergences in European bond markets.
Research limitations/implications – Amajor limitation is that a relatively new field of the literature is
surveyed. However, there are enough papers of relevance. This review paper could therefore be helpful in
finding new approaches for additional empirical research examining the EMU bondmarket.
Originality/value – The results of empirical studies in a relatively new field of the literature are
summarized. There meanwhile are some relevant papers. A brief survey of the results of these papers is
provided. Important empirical findings with regard to interest rate convergence, sovereign credit risk and
redenomination risk in the EMU are discussed and evaluated. The review is especially helpful for researchers
and practitioners in the field of managerial finance and risk managers in the financial services industry.
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1. Introduction
In the current crisis, government bond yields in some European countries have been rising
strongly due to fears about increased sovereign credit risk. The credit event that was a
consequence of the Greek debt swap in 2012 clearly has increased the awareness of bond
investors, showing that government bonds issued by industrialized European countries are
not free of default risk. Moreover, all of a sudden there were fears about a possible
breakdown of the euro. These concerns caused redenomination risk –which is a special type
of exchange rate risk and describes a scenario where a country leaves a currency union and
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introduces a depreciating currency (Klose and Weigert, 2014; Sibbertsen et al., 2014). Given
that government bond yields are of high importance for financial markets, the experiences
with the European debt crisis have become an attractive research topic in different fields of
financial economics. With regard to managerial finance, there is, for example, a special
relevance of government bond yields projecting the weighted average cost of capital for
capital budgeting. Sovereign credit risk definitively could matter in this context. In fact, the
hopes that a solution to the Argentine debt crisis in July and August 2014 led to higher share
prices of companies in this country, because market participants thought that the end of the
dispute not only would increase economic activity (and therefore corporate earnings) but
also could lead to lower weighted average cost of capital for firms in Argentina. Moreover,
the low oil price recently has been a starting point for discussions about sovereign credit
risk in oil producing countries (Wegener et al., 2016a). The implications of sovereign credit
risk for equity markets with a special focus on emerging markets have, for example, been
discussed by Erb et al. (1995).

Quite clearly, the European debt crisis and its effects on government bond yields
obviously are of high relevance for financial markets. The return of exchange rate risk also
could play a major role in this context. A breakdown of the EMU would have numerous
economic and political consequences. It could, for example, have important negative effects
for the possibility of companies to finance new investment opportunities in Europe. In fact,
Holder et al. (2001) have argued that the introduction of the euro has led to a larger capital
market, improving the ability of companies to raise additional funds. After years of
negotiations and political bargaining, the euro was introduced in January 1999. It became
the new currency of a number of European countries. These countries now form the EMU.
The European Central Bank (ECB) has taken over the responsibility for monetary policy
in the EMU (Kool, 2000; Pollard, 2003). The exchange rates among the currencies of the
member states at first were irrevocably fixed; the new banknotes and coins then were put in
circulation in 2002 (Geigant, 2002; Vuchelen and van Hove, 2002). The creation of the
common currency in Europe and the establishment of a new supranational institution – the
ECB – is often seen as an extremely important milestone in the process of European
economic integration. Most importantly, the introduction of the common currency in Europe
has eliminated exchange rate risk among those countries that have joined the EMU
(Capstaff et al., 2007; Nguyen et al., 2007). This fact is important for international trade.
Additionally, the elimination of exchange rate risk also has had significant consequences for
financial markets (Kool, 2000; Haselmann and Herwartz, 2010). Holder (1999), for example,
has discussed the implications of the introduction of the euro for equity markets. Moreover,
Lund (1999) has argued convincingly that the advent of the euro has eliminated the
exchange rate risk for investors planning to buy fixed income securities issued by other
EMU countries and that the new currency already ought to have affected the relationship
among interest rates before 1999 because a binding time table for the introduction of the
euro was presented much earlier. Therefore, the EMU should have led to interest rate
convergence – and this process should have started before the introduction of the euro.
Amongst other factors this is a consequence of the expectation of the future existence of only
one central bank (which, of course, also means one policy rate) for all countries joining the
monetary union (Frömmel and Kruse, 2015). Meanwhile, the European government debt
crisis has raised some concerns about sovereign credit risk and possibly even
redenomination risk. These two kinds of risk have the potential to end the tendencies
towards interest convergence among the EMUmembers (Basse et al., 2012; Sibbertsen et al.,
2014). Therefore, this paper will review the relevant literature examining the issue of interest
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rate convergence in Europe before and after the government debt crisis. Our focus clearly
lies on the empirical evidence from time series models.

The paper is structured as follows: Section 2 provides a short historical overview and
especially discusses some relevant consequences of the European debt crisis. The third
section then reviews the literature analysing the convergence of interest rates in the
Eurozone. Before concluding in Section 5, the fourth section discusses the rather new
literature examining the effects of the crisis.

2. Monetary union, financial markets and the European debt crisis
Even before the introduction of the common currency in Europe, there has been
controversial discussions about the future of the EMU (especially from the perspective of the
optimum currency area theory). Already long before the current crisis, some observers noted
that there are potential core and peripheral EMU member countries. However, there always
seem to have been quite different opinions with regard to the question which countries
should be classified as “peripheral”. While Beine and Hecq (1997) have suggested Spain and
Portugal, Kouparitsas (1999) has named Ireland and Finland. Moreover, Goodhart (1998) has
questioned whether the theory of optimum currency areas is a good starting point trying to
analyse and predict how EMU will (or should) work. In spite of the current crisis, the euro
can be regarded as a success story – as can be seen by simply examining the number of
countries that have introduced this currency. As alreadymentioned, the Euro started in 1999
with 11 member states, and Greece became the 12th member in 2001 (Geigant, 2002; Pollard,
2003). Slovenia joined in 2007, Cyprus and Malta in 2008, Slovakia in 2009, Estonia in 2011
and Latvia in 2014. Table I summarizes the developments. With the creation of the ECB, this
supranational institution now controls monetary policy in the whole EMU (Pollard, 2003;
Hardouvelis et al., 2006).

One of the most important instruments of this central bank is the ability to change the
main refinancing rate. This interest rate for the ECB’s regular open market operations is
identical in all EMU countries. Thus, the introduction of the euro clearly should have led to
convergence among money market interest rates in the Eurozone (Gaspar et al., 2001;
Holder, 1999). This statement more or less is true by definition. The new common currency
also ought to have affected the relationship between long-term interest rates in the EMU. In
fact, it is quite common to argue that (as already indicated) the advent of the euro has
eliminated the exchange rate risk for investors in bonds issued by other EMU countries
(Lund, 1999; Hardouvelis et al., 2006). More specifically, Sibbertsen et al. (2014) have argued
convincingly that without fears about the breakdown of a currency union or other systems
of fixed exchange rates, the expected change of the exchange rate has to be zero. Thus,
assuming the absence of credit risk and differences in the liquidity of bonds, the uncovered

Table I.
EMUmember states

Initial members New members

Austria, Belgium, Finland, France, Germany, Ireland,
Italy, Luxembourg, Netherlands, Portugal, and Spain

Greece (12th member, January 2001), Slovenia (13th
member, January 2007), Cyprus and Malta, (14th
and 15th member, January 2008), Slovakia (16th
member, January 2009), Estonia (17th member,
January 2011), Latvia (18th member, January 2014),
and Lithuania (19th member, January 2014)

Source: European Central Bank
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interest rate parity also predicts the existence of a very close relationship among long-term
bond yields (Sibbertsen et al., 2014; Basse, 2014). Phrased somewhat differently, the
introduction of the euro should have caused convergence among bond yields in the
Eurozone.

As already noted, the introduction of the euro already should have affected the relationship
among interest rates before 1999, because a binding time table for the introduction of the new
currency was already presented much earlier (Lund, 1999; Basse et al., 2012). More recently, the
European debt crisis has raised some concerns among investors. Figure 1 illustrates the
developments of interest rates in selected EMU countries (10-year government bond yields).
The rolling correlations among German 10-year government bond yields and the interest rates
in France, Italy and Spain (in differences, 60 data points) also show signs of convergence of
government bond yields until 2008 (see Figure 2).

Sibbertsen et al. (2014) have argued that in this new environment, sovereign credit risk
and probably even redenomination risk have become of special importance for European
bond markets. While there are not that many papers discussing the exits from currency
unions, Rose (2007) has documented a number of cases after World War II. Additionally,
quite a number of studies have examined the end of currency system based on fixed
exchange rates in general. Most importantly, there are numerous studies examining the
breakdown of the Bretton Woods system (Geigant, 2002; Basse, 2006). Moreover, Kang
(2013) has discussed the consequences of the abandonment of the fixed exchange rate
regime in South Korea during the crisis in East Asia. Meanwhile, the European debt crisis
and its implications for EMU have attracted some attention. Given that Moro (2014) recently
has published an excellent survey examining this crisis, we will not focus on details here.
Our main objective is to discuss the relevant empirical evidence on interest rate convergence
documented in the literature.

Figure 1.
Interest rate

convergence: 10-year
government bond
yields in selected
EMU countriesSource: National Central Banks
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3. Before the crisis
As already noted, the introduction of the euro has been very important for interest rates in
the EMU. Kim et al. (2006), for example, have documented that the euro has caused
structural change in the bond market. Additionally, Laopodis (2008) has examined data
from 10 EMU countries and has documented an increase in the correlation of the returns on
Euro government bonds after the introduction of the new currency. Moreover, by using
techniques of cointegration analysis, he has identified two groups of EMU countries – a core
group (including Germany and France) and some peripheral countries (including Italy and
Ireland). Jenkins and Madzharova (2008) have been able to find cointegration among
nominal government bond yields in the Euro area after the introduction of the euro. This
empirical finding does indicate that interest rates in EMU countries have converged.

It has also been argued (Basse et al., 2012; Sibbertsen et al., 2014) that it could be
interesting to examine data before 1990, because the Exchange Rate Mechanism (ERM) of
the European Monetary System (EMS) already could have caused convergence of interest
rates in Europe. Quite clearly, the EMS helped to reduce exchange rate risk for investors.
German government bond yields should have played a special role for the European bond
markets, thereby “causing” interest rate movements in other member states of the EMS.
This assumption is called German Dominance Hypothesis. Testing this hypothesis has
produced mixed empirical findings. Hassapis et al. (1999), for example, have argued that the
ERM did not strongly increase the linkages between interest rates in Germany and the rates
of other ERM countries with one exception – The Netherlands (where monetary
policymakers were trying to imitate the Deutsche Bundesbank). However, there also is
empirical evidence supporting the German Dominance Hypothesis. Most importantly, Baum
and Barkoulas (2006) have documented some results that speak for this theory using
techniques of fractional cointegration. Additionally, Fountas andWu (1998) have noted that
there is clear empirical evidence for interest rate convergence in the EMS period controlling
for structural change. Additionally, Siklos and Wohar (1997) have presented empirical

Figure 2.
Rolling correlations
among EMU
government bond
yields (in first
differences) Source: National Central Banks
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evidence for interest rate convergence among the EMS members during some periods of
time.

4. After the crisis
As already discussed, the European debt crisis has caused some concerns about sovereign
credit risk and redenomination risk among investors buying EMU government bonds.
While this is a relatively new literature, there meanwhile are some relevant studies. Gruppe
and Basse (2012) have examined German and Greek government bond yields and have
shown that information about fiscal problems in Greece seems to have led to structural
change among government bond yields issued by the two countries. Apergis et al. (2011)
have estimated a threshold vector error correction model and have reported that the spreads
of Greek over German government bond yields and CDSs are cointegrated and that two
regimes (a typical and an extreme one) can be identified. They have shown that the error-
correction effects are not significant in the extreme regime. Moreover, Basse et al. (2012)
have examined 10-year government bond yields in Germany and Italy and have reported
that there is empirical evidence for cointegration with two structural breaks. The different
patterns that can be observed examining the two interest rate time series can be explained
by a higher risk premium demanded by investors in Italian government bonds and by
German interest rates falling due to the financial crisis (flight to quality). They have argued
that the first breakpoint seems to be a consequence of the US subprime crisis and the second
break might be a result of the increase of Italian sovereign credit risk, and probably even
redenomination risk caused by the current crisis in Europe. Gruppe and Lange (2014) have
used an identical approach and have shown that higher sovereign credit risk has caused
structural change among government bond yields in Germany and Spain. Moreover, Basse
(2014) has argued that Austria, Belgium, Finland and The Netherlands seem to belong to the
group of EMU core member states that have not been hit that hard by the European debt
crisis, because interest rates in these countries are cointegrated with German government
bond yields and there has been no sign for structural change caused by the current crisis,
increasing the risk premia market participants demand for holding government bonds from
these four countries. For France, there are quite different results.

Examining the cross-sectional structure of default risk from 2008 to 2011 Ang and
Longstaff (2013) have even reported that there are three groups of EMU countries (one
cluster consists of Greece, Ireland, Italy, Portugal and Spain; the second cluster is formed by
Austria, Finland and The Netherlands; and France and Belgium are the members of the
third cluster). More recently, Gómez-Puig and Sosvilla-Rivero (2014) have searched for
structural change among EMU government bond yields and have argued that more than
half of the detected breakpoints (60 out of 110) are directly connected to the Euro sovereign
debt crisis. Moreover, they have tested for Granger causality between EMU government
bond yields. After having endogenously determined the breakpoints in the evolution of the
relationships among interest rates, they have argued that the number and intensity of causal
relationships seem to have increased after endogenous shocks. These results could be
interpreted as clear evidence for contagion in the aftermath of the European debt crisis.
Moreover, examining the integration of the European bond markets, Christiansen (2014) has
concluded that the countries that experienced problems because the sovereign debt crisis
has less integrated bond markets than the other countries.

Sibbertsen et al. (2014) have tested for a break in the persistence of EMU government
bond yield spreads by examining data from France, Italy and Spain using Germany as a
benchmark. Their results do indicate that structural breaks exist in yield spreads. The
persistence of the examined time series seems to have increased significantly in the crisis.
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This could be a sign of higher sovereign credit risk (and possibly even redenomination risk).
Ludwig (2014) also has applied cointegration tests to analyse the validity of the assumption
that sovereign debt of European Union member states is risk-free. The author has
investigated the cointegration relationship between Germany (as a kind of risk-free
benchmark) and the other EU countries. Using a test for multiple structural breaks, he has
found convergence in the case of Greece, Ireland, Italy and Spain before and divergence after
the beginning of the global financial crisis. Table II summarizes the results reported above.
There is some related literature. Ludwig and Soba�nski (2014), for example, have used rolling
Granger causality tests to show that with the fiscal problems of Greece risk shifted from
financial institutions in the periphery towards the banking sector in the core countries of
the Euro area. Moreover, Ejsing and Lemke (2011) have detected structural change in the
relationship between bank and sovereign CDS premia after the bailouts of banks in the
EMU. Albertazzi et al. (2014) have discussed the impact of the crisis on the activity of Italian
banks. These empirical findings are of special importance for risk managers in the financial
services industry. Additionally, Kunze and Gruppe (2014) as well as Kunze (2014) have
analysed interest rate predictions from professional forecasters. In fact, both empirical
studies seem to suggest that the financial crisis has caused structural change among interest
rates and interest rate forecasts.

To summarize the results documented in the literature, there is a lot of empirical evidence
indicating that the European debt crisis has resulted in structural change affecting the
relationship between the yields of government bonds issued by Germany and a number of
other EMU member countries. Thus, the crisis seems to have, at least temporarily, ended a
general tendency towards convergence among interest rates in the currency union that is a

Table II.
Time series evidence
on interest rate
convergence and the
crisis

Study Breakpoint/regime shift test used Main results

Apergis et al. (2011) Hansen and Seo (2002) Spreads of Greek over German government
bond yields and CDSs are cointegrated and two
regimes (typical/extreme one) can be identified

Gruppe and Basse
(2012)

Quandt (1960) and Andrews (1993) Information about fiscal problems in Greece led
to structural change among German and Greek
government bond yields

Basse et al. (2012) Hansen and Johansen (1999) The crisis seems to have caused structural
change among German and Italian government
bond yields

Basse (2014) Hansen and Johansen (1999) Structural change caused by the crisis seems to
show that sovereign credit risk in France has
increased

Gruppe and Lange
(2014)

Hansen and Johansen (1999) Increased sovereign credit risk has caused
structural change among government bond
yields in Germany and Spain

Gómez-Puig and
Sosvilla-Rivero
(2014)

Quandt (1960) and Andrews (1993),
as well as Bai and Perron (1998)

More than half of the detected breakpoints (60
out of 110) among government bond yields are
directly connected to the Euro sovereign debt
crisis

Sibbertsen et al.
(2014)

Sibbertsen and Kruse (2009) Evidence for a break in the persistence in yield
spreads of France, Italy and Spain using
Germany as benchmark

Ludwig (2014) Kejriwal and Perron (2010) Structural change in the relationship between
bond yields in Greece, Ireland, Italy and Spain
relative to Germany
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direct consequence of the introduction of the euro in the year 1999. This empirical finding
reported by numerous researchers can be explained by the fact that the crisis has forced
investors and risk managers to think about sovereign credit risk and probably even about
redenomination risk. These worries among bond buyers have led to increased risk premia
compensating investors for both types of risk. The timing of structural change also is
interesting. In fact, the breakpoint dates reported in a number of studies are quite early. This
could be a result of the subprime mortgage crisis in the US that has increased risk aversion
among investors in general and might have caused some concerns about costly bank rescue
programmes having negative effects on the solidity of public finances in some EMU
member states. Moreover, Basse et al. (2012) have argued that the bond market seems to
have anticipated at least some problems with Italy’s government budget at an early stage.
This finding could be interpreted as supportive empirical evidence for the efficient market
hypothesis, because German and Italian government bond yields have reflected new
information about sovereign credit risk in a very timely manner.

5. Conclusion
This paper has surveyed the literature on interest rate convergence in the EMU countries.
While there are a number of different points of view, there seems to be a broad consensus
among researchers that the introduction of the euro has eliminated exchange rate risk for
financial transactions among those countries that have decided to join the EMU. In the
period before the current crisis – where sovereign credit risk was not of major importance –
the currency union has caused interest rate convergence among government bond yields
issued by EMU countries. However, now investors seem to fear sovereign credit risk and
probably even redenomination risk. Thus, interest rate convergence among EMU
government bond yields could be a phenomenon of happier times (Sibbertsen et al., 2014).
The breakpoint dates reported in the literature are quite early. There are a number of
different interpretations of this empirical finding. Basse et al. (2012), for example, have noted
that investors seem to have anticipated at least some problems with the solidity of public
finances in Italy at an early stage – a result that could be seen as supportive for the efficient
market hypothesis. Meanwhile, there are new tendencies for interest rate convergence in the
EMU. The lower government bond yields in Italy, Spain and other EMU member countries
are a result of the ECB’s monetary policy. Further empirical research clearly should focus on
the interaction of sovereign credit risk and monetary policy measures. Moreover, there are
some interesting concepts to combine the use of cointegration analysis with other techniques
of quantitative data analysis – namely artificial neural networks – that can help to improve
the understanding of the crisis (Wegener et al., 2016b). Additional empirical evidence using
this approach could be interesting.
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