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Abstract
This bachelor thesis examines the convergence properties of inflation rates of the Euro-
pean Monetary Union (EMU) countries over the period 1992 to 2007. The period can be 
naturally split into two periods, according to the Maastricht Treaty and the introduction of 
the Euro. Since countries were striving to meet the Maastricht inflation criterion for 1997 
we will analyse inflation behaviour of the pre-Euro period (1992 to 1997) and post-Euro 
period (1998 to 2007), in order to see whether each country’s inflation rates have con-
verged to the calculated mean of the sample. To analyse the issue we used CPI inflation 
rate data from IMF Statistical Database over the period 1992 to 2007.

We study convergence by means of ADF unit-root tests, Engle-Granger cointegration tests 
and Johansen cointegration tests. These are complemented with descriptive statistics that 
measure dispersion of inflation rates within the EMU.

The conclusion to the research problem can be summaries as follows: Our analysis pre-
sents clear evidence of reduction in inflation rate dispersion for the period 1992 to 1997, 
indicating that the Maastricht Treaty had a major impact on the convergence of inflation 
rates within the EMU for that period. However, we found that only two countries, Austria 
and Portugal, had a cointegration relationship with the average rate of inflation of the other 
countries in the sample. For the period 1998 to 2007, the descriptive statistics indicated 
that the introduction of the Euro resulted in a divergence of inflation rates within the 
EMU. Those results were further strengthened by the fact that no cointegration relation-
ship was found for that period.             
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1 Introduction
Over the past four decades the European Union (EU) member countries have 

strived to raise the level of economic integration within the union and create a common 
market. European policy makers were convinced that a common currency would lead to 
greater market integration and in 1992 the member countries agreed on the Maastricht
Treaty which set out the agenda to create the economic and monetary union (EMU). The 
common currency goal was reached in January 1999, when the Euro was first introduced as 
“book money” by eleven EU member states1, followed in 2001 by Greece. At this point in 
time only three of the member countries, Denmark, Sweden and the United Kingdom 
decided not to join the monetary union.

One of the Maastricht criteria for joining the EMU was that each country’s inflation 
differential had to be less than 1.5% with respect to the average of the three best performing 
countries in EMU in 1997. These requirements caused an inflation converging process 
among the countries that were interested in becoming a member of the common currency
union. Inflation rates in the eleven original EMU member countries decreased considerably 
after 1992, and in 1997 the average inflation in these countries was less than half of what it 
had been in 1992. In addition to the reduction in inflation rates, their dispersion also 
decreased significantly, with cross-country standard deviation of  European inflation rates 
reaching its minimum in 1997, increasing from the lowest 0.37 percentage points to 1.2 
percentage points at the end of 2000 (discussed further in section 3). While the slow down of 
prices and convergence of inflation rates achieved in the integration process before the 
adoption of the Euro can be considered a great success, the incidental behaviour of inflation 
rates within the EMU has raised some concern, as their dispersion has increased 
significantly. This can be seen as a problem since a single monetary policy can only influence 
the price level of the area as a whole, significant inflation rate differentials may cause 
problems for some countries. Countries with below average inflation rates will face above 
average short-term real interest rates, while countries with above average inflation rates will 
face below average real rates (Hofmann and Remsperger, 2005). The result of this would be 
even further stimulation of the high inflation countries and the low inflation countries would 
be weakened further.

The purpose of this paper is to analyse how the EMU has affected the inflation of the 
member countries. The main question we take up in this paper is whether there has been a 
significant and persistent inflation rate divergence after the introduction of the Euro. 
Moreover, we will analyse the behaviour of inflation rates of the EMU countries before the 
introduction of the Euro. This is an important issue, since a single monetary policy in a 
monetary union such as the EMU can only influence the price level and inflation rates of the 
union as a whole. Thus, if inflation rates are highly dispersed within the union, it will be very 
difficult for the central bank to prevent excessively high inflation and deflation, which both 
have negative effects on the economy.

The issue of inflation and the Euro has been discussed previously in the literature and some 
studies have shown convergence of inflation rates before the introduction of the Euro and a 

                                                

1 Eleven EU member-states met the convergence criteria by 1998 and were a part of the EMU from 1 january 
1999: Austria, Belgium, Finland, France, Germany, Ireland, Italy, Luxembourg, Netherlands, Portugal and 
Spain
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divergence after the introduction. Inflation rate divergence based on factors such as the 
Balassa-Samuelson effect2 and price convergence suggests that inflation divergence is due to 
transitory factors and may thus be only a temporary problem. However, some more 
persistent factors such as differences in trade patterns among the member states and 
exchange rate movements may be more important as suggested by Honohan and Lane (2003 
and 2005).

The EMU is still a relatively young union and is still in its developing process. The issue of 
inflation rates is an important factor in the integration process and our purpose is to provide 
some insight into the debate with new data covering an eight year post-Euro period. We will 
look into the problem and try to answer the questions whether inflation rates have diverged 
significantly and if it appears to be a persistent problem. 

To analyse the issue we use empirical data from IMF Statistical Database for twelve EU 
countries over the period 1992-2007. The measure of inflation rates we use is both quarterly 
and monthly percentage change of the core consumer price index (CPI) for the twelve 
countries, obtained from the IMF Statistical Database. Thus, the monthly inflation for 

country j in month t is measured by 1
12



j

t

j
tj

t CPI

CPI
 . (1)

Since countries were striving to meet the Maastricht inflation criterion for 1997 and the fact 
that a clear structural break can be seen in the data, we will analyze inflation behaviour of the 
pre-Euro period (1992-1997) and post-Euro period (1998-2007). We will use descriptive 
statistics to analyse the dispersion of inflation rates and test for convergence with unit root 
and cointegration tests. The cointegration tests will test the convergence relationships 
between each country and a calculated sample average.

1.1 Previous research
Inflation developments within the EMU have been discussed to some extent in the literature 
and there exists some consensus on the fact that inflation rates converged before the 
introduction of the Euro and diverged shortly after. The literatures present growing 
empirical evidence in favour of inflation divergence in the EMU. 

Roger (2001) argues in his report as the initial price level is different among the euro coun-
tries, inflation will increase in countries that are facing low prices due to the convergence to a 
common price level. Evidence is found in favour for the law of one price. He also mentions 
that output gaps and GDP growth are important factors in the explanation of inflation dif-
ferentials.              

Using monthly data over the period 1972 to 1999 Holmes (2002) found evidence that infla-
tion rate convergence was typically during the years from 1983 until 1990 and a lower degree 
of convergence after the Maastricht Treaty over the period 1993 to 1999.  This evidence is 
also consistent with macroeconomic policy convergence among the participating countries in 
the run up to the EMU.  

                                                

2 The Balassa-Samuellson theorem states that the creation of a currency union should cause productivity to 
converge, causing non-tradable goods prices to rise faster in poorer countries, leading to inflation rate differ-
entials (explained further in section 2.4).
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Honohan and Lane (2003) found evidence that the inflation rates have diverged among the 
member states in the EMU. Their results from a multivariate panel regression with data from 
1999 to 2001 indicated that inflation rate differentials based on price level convergence and 
the operation of the Balassa-Samuelson mechanism could be viewed benignly. However, ac-
cording to the study, exchange rate movements had a substantial impact on inflation differ-
entials in the early months of the Euro. Strengthening of the Euro should lead to a much 
sharper fall in inflation in the externally oriented member countries than in the core coun-
tries that largely traded within the Euro zone.

Based on a Johansen cointegration test covering two different periods 1993 to 1998 and 
1993 to 2002 Mentz and Sebastian (2003) found for the former period partial convergence of 
inflation and no cointegration relationship between the countries is found after 1999. Ac-
cording to Mentz there has been a decrease in inflation convergence even with the introduc-
tion of the Euro. According to the study, the decreased level of convergence could be ex-
plained by fact that the price index for the analysed countries consists of different goods and 
the inflation rates tend to respond stronger for some countries in the case of shift in relative 
prices.

Angeloni and Ehrmann (2004) constructed a stylised model for the EU 123 countries based 
on quarterly data from 1998 to 2003 in their attempt to analyse why differences in national 
inflation increases within EMU. Their model suggests in contrast to explanations such as, 
country specific shocks that the persistence of inflation differentials is due to the inflation 
persistence for each individual countries. 

Busetti et al (2007) analyse the period 1980-2004 for the EMU using unit root and stationar-
ity test. Given the Maastricht criteria that had to be fulfilled in order to adopt the Euro, Bus-
seti et al divide the period according the birth of the Euro into two set of periods 1980 to 
1997 and 1998 to 2004.  They found that over the period 1980-1997 there has been conver-
gence and an important element for this convergence had been the European Exchange 
Mechanism (ERM4). In the second period analysing 1998 to 2004, the outcomes from the 
test show a divergence pattern between the countries. For the latter period they have also 
identified two different stability clubs, one with relative low rate of inflation and the other 
one with relative high inflation.    

Duarte (2003) documented the behaviour of inflation dispersion and inflation differentials in 
the Euro area countries before and after the Euro was introduced, for the period 1996 to 
2002. Her results indicated that inflation dispersion and inflation differentials within the 
Euro area increased after the member countries lost monetary independence and were no 
longer required to attain inflation convergence. Furthermore, she found that inflation disper-
sion in the Euro area was higher than that observed in the US after the introduction of the 
Euro.

Beck and Weber (2003) compare regional inflation data for Europe, the US and Japan from 
1981 to 2001. They found that the overall level of regional inflation rate dispersion is not 
much larger in the EMU countries compared to the US. Their results indicated that a com-
mon currency would give a major boost to economic integration by significantly reducing 
                                                

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

4 The ERM was a part of the European Monetary System for which the aim was to reduce exchange rate fluc-
tuations and achieve monetary stability in EU.
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cross-border relative price volatility. However, it would neither immediately nor in the long-
run completely eliminate cross-country relative price volatility. National borders and distance 
will continue to be important determinants of relative price volatility. 

Sin and Reutter (2001) do not consider divergence as a serious problem, arguing that high in-
flation rates in the fast growing economies like Spain, Ireland or Finland would be natural 
implication of the Balassa-Samuelson effect, indicating natural changes in relative prices 
rather than a dangerous weakening of the Euro. As an outcome of this and if the European 
Central Bank (ECB) strictly follows its convergence criteria, price dispersion across the 
member countries will be quite large. More developed countries may also be threatened by 
deflation. According to this Sin and Reutter required an increase in the ECBs upper inflation 
ceiling by at least 0.5%.

1.2 Outline of the Paper
In section 2 of this paper we will present the background of the EMU and the theoretical 
framework that can be related to our topic. We will discuss the theory of optimum currency 
area and other theories related to the subject. In the third chapter, we present the empirical 
analysis, which involves descriptive statistics, unit root tests and cointegration tests. Fur-
thermore, we will discuss and interpret our results. In the forth and final chapter of the the-
sis we provide our concluding remarks and suggestions to further research related to our 
topic.

2 Theoretical framework
In this section we will present the background of the EMU and theories concerning the creation of currency 
unions. We will explain the theory of optimum currency area and how different factors can affect inflation 
rates within a currency union.

2.1 Background
The EMU is a part of the process of economic integration within the EU. The members of 
EMU form a common market, known as the single market. The member states coordinate 
their economic policymaking to support the aims of EMU. Several member states are more 
integrated than others and have adopted the common currency, Euro. These countries from 
the Euro area and, as well as the single currency, have a single monetary policy conducted by 
the European Central Bank (European Commission, 2007).

The single currency was thought of as a complement to the single market, the programme 
adopted in 1985 for removing all remaining barriers to the free movement of goods, services, 
people and capital. The Euro was created since a market with a single currency offers many 
advantages and benefits compared to a market where each member state has its own cur-
rency. In 1992 the member states agreed on the Treaty on European Union (Maastricht 
Treaty) know as the single market project, that Europe would have a strong and a stable cur-
rency for the next century. The implementation of the Maastricht Treaty could be dividend 
into three stages (Europa 2007).

 The first stage in the process began on 1 July 1990 with capital movements.
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 The second stage started on 1 January 1994 with the creation of the European 
Monetary Institute (EMI) an early modification of the ECB. The aim for the EMI 
was to build up a good relationship between the national central banks.

 The final stage the start of the monetary union and the introduction of the Euro.
From the European Council meeting in Madrid in December 1995 it was decided 
that the implementation of the third stage should take place on 1 January 1999, for 
the member countries that had met the set of criteria laid down by the treaty.         

The countries that intended to join the EMU were required to meet a set of convergence cri-
teria. This criterion set by the Maastricht Treaty is called Convergence criteria. Regarding in-
flation rates and price stability, the treaty states:

“The criterion on price stability referred to in the first indent of Article 109j(1) of this Treaty 
shall mean that a Member State has a price performance that is sustainable and an average 
rate of inflation, observed over a period of one year before the examination, that does not 
exceed by more than 1.5 percentage points that of, at most, the three best performing Mem-
ber States in terms of price stability. Inflation shall be measured by means of the consumer 
price index on a comparable basis, taking into account differences in national defini-
tions.”(Treaty on European Union 1992, p. 132)

In addition to that

 The public debt should be less than 60 % of GDP. 
 Long term interest rate should be within 2 % of the three lowest interests in the EU. 
 The upper bound for government deficit to GDP is 3% of the previous fiscal year.  
 The exchange rate should remain stable within the ERM for two years before be-

coming a member to the Euro area (Treaty on European Union, 1992).    

These convergence criteria caused inflation and nominal interest rate to converge within 
Europe even before the adoption of the Euro in 1999.  

In January 1999 the Euro was first introduced as “book money” by eleven countries5. At that 
time 14 member states6  were qualified to join at this first stage. From the 12 member states 
that wished to join the Euro only eleven met the required criteria. Greece could not meet the 
convergence criteria set by Maastricht Treaty at that time and had to wait until 2001 until 
they could implement the Euro. Only three of the EU member countries, Denmark, Sweden 
and the United Kingdom decided not to adopt the Euro. The Swedish people rejected the 
Euro in September 2003 after national election of the matter, despite the fact that the coun-
try met the convergence criteria. In the case of United Kingdom they obtained a clause that 
allowed them to stay out of the third stage of the EMU, introduction of the Euro even if 
they have fulfilled the convergence criteria. It was for the government of the UK to decide 
whether or not they would like adopt the Euro and by the time of 2008 they are still out of 
the common currency. Denmark did also obtain an exclusion clause under which they were 

                                                

5  The eleven original countries that formed the EMU were Austria, Belgium, Finland, France, Germany, Ire-
land, Italy, Luxembourg, Netherlands, Portugal and Spain.

6 Austria, Denmark, Belgium, Finland, France, Germany, Ireland, Italy, Luxembourg, Netherlands, Portuga, 
Spain, Sweden and United Kingdom. 
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not forced to introduce the Euro. In Denmark 1992 there was also a referendum with an 
outcome that the Maastricht Treaty was rejected. (Europa, 2007)   

The member states had to wait until 2002 before the physical notes and coins were intro-
duced into the market. Years of planning and preparation resulted into seven banknotes and 
eight coins. Today the European Union has 27 members, where 15 of them have adopted 
the Euro, Slovenia in 2007 and both Cyprus and Malta in 2008. The Euro is currently served 
as a currency for more than 320 million inhabitants in 15 European member states. The 
ECB estimates that between 10 and 20 % of the total value of the Euro banknotes in circula-
tion is currently held outside the Euro area.

In June 1997 at the Amsterdam European Council the Stability and Growth Pact (SGP) was 
adopted by the countries in the Euro area. The reason why this pact was set up is twofold. 
One aspect of the pact is to be an early warning system to both identify and to correct 
budget deficit before it gets above the 3 percent GDP target set out by the treaty. It also 
works as a pressure tool on the member states to avoid excessive budget deficits and if they 
occur put actions into place to correct them. The reason why member states adopted the 
SGP was because it gave them guidelines of how to reach the convergence criteria set by the
Maastricht Treaty. In 2004 both France and Germany had budget deficit above 3 % for the 
third year in a row. They were both given substantial fines by the European commission but 
never paid their fines (Fourcans and Warin, 2007). The SGP had been widely criticized, the 
EU Commission president, Romano Prodi said in an interview with Le Monde on October 
2002: “I know very well that the stability and growth pact is stupid… The pact is imperfect. 
We need a more intelligent tool and more flexibility”. 

Because the rules were not followed, the SGP was reformed in 2005 with greater flexibility 
for the members. On the 20th of March 2005 the European Council made a proposal on an 
improved implementation of the SGP (Ecofin Council, 2005). According to the proposal the 
old criteria of a 3% deficit and that the total government debt are not allow to exceed 60%
of GDP remain unchanged. The new SGP allow each country to create its own medium-
term objectives. Therefore it makes a difference of countries with low and high debt ratios 
and its potential growth. The time to correct an excessive deficit have increased to two years 
and in the case of unexpected and adverse economic events this adjustment time can be ex-
tended, if the country can show a correct plan of action (Econfin Council, 2005).                

2.2 Optimum currency area
In this part, we will discuss the theory of Optimum Currency Area (OCA), which does not 
directly relate to the inflation rate issue that is the major focus of this paper, but it provides 
an important theoretical background into the creation of the EMU.

OCA can be defined as “the optimal geographic domain of a single currency, or of several 
currencies, whose exchange rates are irrevocably pegged. The single currency, or the pegged 
currencies, can fluctuate only in unison against the rest of the world” (Mongelli, 2001, p. 1). 
It refers to theory developed by the pioneered work of Mundell (1961), also classic contribu-
tions by McKinnon (1963) and Kenen (1969), where countries with close international trade 
links benefit from sharing a common currency. The focus of the OCA literature often in-
volves four inter-relationships between the potential member countries. These are: 1) the ex-
tent of trade; 2) the similarity of the shocks and cycles; 3) the degree of labour mobility; and 
4) the system of risk-sharing, usually through fiscal transfers (Frankel and Rose, 1998). The 
closer these relationships are between the countries, the more suitable is a currency union. In 
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addition to this, the OCA literature identifies several conditions that must at least in part be 
met for a currency union to be viable, including sufficient similarity in national rates of infla-
tion (Mongelli, 2002). This is due to the fact that external imbalances cannot be corrected by 
an exchange rate realignment, which therefore builds up in persistent divergences of national 
inflation rates. This theory is applicable in situations when a specific region is considering 
forming a monetary union, one of the core phases in economic integration. This theory has 
been of major importance in forming the EMU. 

Criticism whether EMU is an optimum currency area in the sense that Mundell (1961) 
presented, comes from Feldstein (1997) and Obstfeld (1998), arguing that adjustment of 
nominal exchange rate among the member countries is needed to achieve necessary changes 
in real exchange rate to meet asymmetric shocks. Feldstein argues that imposing a single 
interest rate and a fixed exchange rate on countries that are characterized by different 
economic shocks, inflexible wages, low labour mobility and separate national fiscal systems 
would raise the overall level of cyclical unemployment among the EMU members. 
Moreover, Obsfeld claimed that arguments for EMU were those based on political-economy 
considerations. On the other hand, Corsetti and Pesenti (2001) argued that credible policy 
commitment to monetary union may lead to a change in pricing strategies, making a 
monetary union the optimal monetary arrangement in a self-validating way.

The countries that have adopted the Euro as their common currency share a currency union. 
This involves the creation of a central monetary authority which will be responsibility for the 
monetary policy for the member states within EMU. Since the Euro is share by the member 
countries the concept of interest-rate parity is identical among the countries within the 
currency union. The monetary policy in a currency union is under the control of a central 
authority. The monetary authority in EMU is the ECB. The authority of fiscal policy on the 
other hand stays at the control of each member countries in the union. Asymmetric shocks 
often cause exchange rate variability of countries and the theory stresses that asymmetric 
shocks play a crucial part in the choice of exchange rate regime (see: Bayoumi and 
Eichengreen, 1998). The two remedies when countries suffer from asymmetric shocks are 
either to change the real exchange rates or move factors of production such as labour.  The 
European Commission (1990), states that asymmetric shocks within the European countries 
will decrease when Europe continues the economic integration. 

2.3 Costs and Benefits of a Currency Union
By accepting a common currency the countries within the currency union will both face 
benefits and costs from their membership. The costs and benefits will take place at different 
point in time in the process of adopting a common currency. The effects will take different 
appearance depending on the size and the initially situation of the countries. The main 
benefits of a single currency are increased usefulness of money, that is, the liquidity services 
provided by a single currency circulating over a wider area, as a unit of account, medium of 
exchange, standard for deferred payments, and store value. The loss of intra-area nominal 
exchange rate uncertainty would increase factor mobility and trade (Mongelli, 2002). The 
wider use of money without the exchange rate risk will lower the investment risk and 
typically increase the foreign direct investment (FDI) within the union. The volume of trade 
is closely related to the benefits from a currency union and the issue has been well covered in 
the literature. For example Rose and Wincoop (2000), Micco et al. (2003), and more recently 
Baldwin et al. (2005) found evidence that the countries entering a currency union have a 
significant and large increase in trade within the union. 
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The decision making of the monetary policy in EMU is centralized, at the same time as the 
implementation of the decision is decentralized. According to the Executive Board of the 
ECB this decentralization creates a number of advantages. Jürgen Stark, a member of the 
Executive Board of the ECB, in his speech 15 April 2008, stated that the ECB can benefit 
from the expertise, infrastructure and operational capabilities of the national central banks 
within the Euro system. Furthermore, he claims that this system of decentralization has 
functioned very well in the years of the Euro. Moutot et al. (2008) discuss the issue even 
further and claim that decentralization makes it more difficult for outside pressure to be 
brought to bear on a central bank and hence contribute to its credibility. Moreover, 
decentralisation can enhance competitive forces within the central banking system, as well as 
stimulate innovativeness. 

On the other side of the coin there are costs involved in the change to a new common 
currency, where the most apparent cost is the loss of monetary independence resulting in 
narrower menu of policy instruments directly available to national governments. Mongelli 
(2002) identifies three main costs of entering a monetary union: 1) Costs from the 
deterioration of microeconomic efficiency, which involve changeover costs from switching  
to a new currency such as administrative, legal, and psychological costs resulting from a new 
numéraire; 2) costs from decreased macroeconomic stability from national governments 
losing the ability to employ monetary policy as a tool in pursuing real adjustments in the 
wake of asymmetric disturbances; 3) costs from negative external effects, where sizeable 
budget deficits and accumulated unsustainable debts of one or more member countries can 
result in pecuniary externalities rippling through the currency monetary union. On the issue 
of decentralization de Haan et al. (2004) suggested that that the ECB might be too 
decentralized if the economies of the Euro area countries diverge and/or if there are large 
differences in terms of preferences across policy-makers. Furthermore, they suggest that 
more centralized ECB would help mitigate incentives to translate differences in economic 
development and policy preferences into undesired ECB behaviour based on a national 
rather than a unified Euro area perspective.   

2.4 Inflation divergence within monetary unions
Based on economic theories such as the Balassa-Samuelson hypothesis, new trade theory and
the Heckscher-Ohlin model, the creation of a common currency area should lead to a 
productivity, wage and price convergence, either real convergence or catching-up. First, we 
look at price convergence in relation to inflation divergence in a currency union. The 
European Commission argued that a single currency would lead to convergence of prices in 
its influential and widely quoted report, “One Market, One Money” (1990)

“Without a complete, transparent, and sure rule of the law of one price for tradable 
goods and services, which only a single currency can provide, the single market cannot 
be expected to yield its full benefits – static and dynamic”. (p. 19)

“The law of one price states that prices of identical tradable goods priced in the same 
currency should, under competitive conditions, be equal across all locations, national and 
international” (Allington et al. 2007, p. 75). This can be seen by the fact that if prices differ 
significantly within currency unions, arbitrageurs could profit from purchasing products 
where they are comparatively cheap and sell them where they are comparatively expensive.    
Assuming that countries entering a currency union have different prices when adopting a 
common currency and the law of one price holds (to some extent), prices should converge in 
the currency union leading to different inflation rates across the union.



9

Second, the most discussed source of inflation differential before the creation of the EMU 
was the Balassa (1964)-Samuelson (1964) effect, which results in convergence of non-traded 
goods prices. In simple terms, the Balassa-Samuelson theorem states that a rise in the 
productivity of the tradable sector (relative to the non-tradable sector) will increase wages in 
both sectors so that producers of non-tradable goods will only be able to meet higher wages 
if there is a rise in the relative price of the non-tradable goods. Prices in the tradable sector 
stay the same since the law of one price is assumed to hold in the tradable sector in a 
monetary union. Thus, a convergence of productivity and living standards across the Euro
area would create a tendency of prices in poorer countries to rise faster leading to inflation 
differentials across the Euro area. To look at the issue in more detail, we can consider a 
monetary with two countries denoted as country A and country B. Duarte (2003) describes 
the theorem using the following formula where the price index in each region is given by a 
geometric weighted average of traded- and nontraded-goods prices:

,)1( ,,,
T

ti
N
titi ppp   (2)

Where tip ,  is the log of the price index, T
tip , )( ,

N
tip  is the log of the traded- (nontraded-) 

goods price index, and α is the share of nontraded goods in the price index. Entering a 
monetary union may cause a positive shock to productivity in the traded-goods sector, 
specially in poorer countries, this causing the real wages in the country to rise (since labour is 
assumed to be perfectly mobile across sectors). The higher real wages drives up the relative 
price of nontraded goods, since productivity in this sector has not risen. Assuming that the 
law of one price holds for traded goods in monetary unions, a higher relative price of 
nontraded goods in the country raises the price level relative to that abroad. Thus, the law 
price countries might experience relatively high inflation following closer economic 
integration. This could occur through inflation of traded goods prices, non-traded goods 
prices, or both (Rogers, 2001). Rogers et al. (2001) found evidence indicating that price 
dispersion of tradable goods within eleven Euro area cities has fallen by more than 50% over 
the period 1990 to 1999. However, Weber and Beck (2003) found that the speed of 
convergence of regional goods and service prices seems to have slowed down after the 
introduction of the Euro. Since, productivity can be expected to converge within monetary 
unions, inflation differential associated with the shock to productivity in the traded-goods 
sector can be considered as an equilibrium phenomenon that only persists as long as 
productivity differentials persist across countries.

Inflation differentials can be caused by structural differences of countries within a currency 
union. Exchange rate movements are a factor that influences inflation rate dispersion which
has had considerably less attention in the literature compared to the price convergence 
factors. Countries within the EMU have different trade patterns and some countries have 
more non-Euro area imports than others. If a country has unusually large share of its trade 
with a non-Euro area country, such as the US, then strengthening of the US-dollar against 
the Euro should be expected to cause price level to rise more in that country compared to 
other Euro area countries. Honahan and Lane (2003, 2004) and a later work by Busetti et al. 
(2006) found strong evidence that suggested that exchange rate fluctuations should have 
considerably sharper effect on inflation in the externally oriented member countries than in 
the core countries that largely trade within the Euro area.

Based on what we have put forward in this section we expect to see inflation rate 
convergence in the period before the introduction of the Euro as a result of the Maastricht
Treaty. Furthermore, we anticipate seeing inflation rates diverge to some extent in the first 
years after the introduction of the Euro as a result of price level convergence among the 
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member countries. However, it could be suggested that the inflation rates should converge 
again in the future when price levels have reached its long-run equilibrium within the 
monetary union. On the other hand we do not expect to see a complete convergence of 
inflation rates within the EMU since there will always exist some structural differences 
among the countries, such as different trade patterns, which will result in different inflation 
rates.

2.5 Does the divergence of inflation rates matter?
One of the main goals of the ECB is to maintain low positive inflation rates in the EMU, 
below but close to 2% (European Central Bank, 2004, p. 51). High inflation rates are 
generally unpopular and carry many negative consequences for the economy. Growth is 
negatively affected by high inflation rates, though these effects only become significant in 
extreme inflation, or above 8% according to Sarel (1996). High inflation rates create a high 
risk of large losses by holding money and households and firms are induced to divert 
resources from productive activities to other activities that allow them to reduce the burden 
of the inflation tax. Financial markets need to find the means to cope with the high inflation 
and offer a wide range of instruments to protect financial assets from inflationary erosion. 
This results in a reduction of labour available for production, with the corresponding decline 
in the rate of growth. These arguments were put forward by Leijonhufvud (1975) in his 
discussion of the consequences of inflation:

“Being efficient and competitive at the production and distribution of ‘real’ goods and 
services becomes less important to the real outcome of socio-economic activity. 
Forecasting inflation and coping with its consequences becomes more important. 
People will reallocate their effort and ingenuity accordingly… In short, being good at 
‘real’ productive activities – being competitive in the ordinary sense – no longer has 
the same priority. Playing the inflation right is vital.” (p. 21-22)

High inflation is not the only concern of the ECB, but avoiding deflation is just as important
target because it entails similar costs to the economy as inflation. The root reason for 
avoiding deflation is that it can become entrenched since nominal interest rates cannot fall 
below zero. If nominal interest rates hit zero, there is likely to be increased uncertainty about 
the effectiveness of monetary policy, which would complicate the central bank’s ability to 
restore price stability by using its interest rate instrument (Scheller 2006, p. 82). Japan is the 
best example of the bad effects of deflation where inflation rates fell below zero by late 1995 
and in response, the Japanese Central Bank lowered the short-term interest rates nearly to 
zero in response. Japan has been struggling with low or negative inflation rates and low 
interest rates ever since. Furthermore, the real GDP growth rate has been negatively affected 
and was for example negative in 1998 and 2001. At the end of 2007 Japan was still facing 
deflation and low interest rates, but real GDP growth has been increasing since 2005 (see: 
Economic survey of Japan 2008 and Ahearne et al 2002).

The problem of inflation rate differentials presents itself in the fact that the single monetary 
policy can only influence the price level of the area as a whole. Inflation differentials cannot 
be addressed in the same way that monetary policy in a single country cannot reduce 
inflation differentials across regions or cities. Thus, if inflation rates are highly dispersed, 
with large differences between the highest and lowest inflation rates within a monetary 
union, we could expect the central bank’s monetary policy to have negative effect on some
countries. Policy actions set in order to reduce inflation might then have negative effect on 
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the countries with the lowest inflation rates, making the central bank’s job much more 
difficult.

3 Empirical analysis
In this section we use data on inflation rates in the EMU in order to see how the introduction of the Euro 
has affected the development of inflation rates in each country. For this purpose we use descriptive statistics 
and cointegration testing.

3.1 Descriptive statistics
In this section we will look into the inflation behaviour for 12 Euro-area countries in the 
period 1992-2007. The countries considered are Germany (DE), France (FR), Italy (IT), 
Spain (ES), Netherlands (NL), Belgium (BE), Austria (AT), Greece, (GR), Finland (FI), 
Ireland (IE), Portugal (PT) and Luxemburg (LU). The measure of inflation we use in this 
part is quarterly7 percentage change of the core consumer price index (CPI) for the twelve 
countries, obtained from the IMF Statistical Database. Thus, the inflation for country j in 

quarter t is measured by 1
4



j

t

j
tj

t CPI

CPI
 . Greece is an outlier in this sample of countries 

and had significantly higher inflation than the other countries until 1999. As a result of this 
high inflation and some other factors, Greece did not meet the Maastricht criteria at the 
introduction of the Euro and joined the EMU in January 2002. 

As can be seen from figure 1 and 2 that there were rather high inflation rates throughout the 
EMU at the beginning of the 90’s, but declined quite steadily from 1992 to 1997. This can be 
explained by the fact that countries were striving to meet the inflation criteria of the 
Maastricht Treaty, which was that inflation rates should not exceed the average rate of the 
three countries with the lowest inflation rate in the EMU by more than 1.5% points.

                                                

7 We use quarterly data for this section because of missing observations in the monthly data set for Ireland.
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Figure 1: CPI inflation for 12 Euro area countries

1

2

3

4

5

1992 1994 1996 1998 2000 2002 2004 2006

AVERAGE_INFLATION

Figure 2: Average inflation for the 11 original EMU countries

Monetary policies had to be changed as the countries had to set more focus on inflation 
targeting. Finland took up inflation rate targeting in 1993 and Spain in 1995, but none of the 
other countries had any explicit inflation targeting before the entering the EMU (Corbo et al. 
2002). From figure 2 it can be seen that the EMU had its lowest average rate of inflation in 
the beginning of 1999 when it was 1.1% (Greece not included). Inflation rates started rising 
sharply following the introduction of the Euro in 1999 and continued rising until the peak 
was reached in 2001 with an average inflation rate of 3.5%. In quarter 2 of 2001, inflation
rates where rather high over the whole union, above the 2% target in all the countries, with 
the lowest inflation rates in France and Germany where the inflation rates where 2.1% and 
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2.5% respectively. Other countries had inflation rates ranging from 3% in Belgium to 5.4% 
in Ireland. After 2001, inflation rates declined steadily and have been fluctuating somewhat 
above 2%.

Now we turn our attention to the behaviour of inflation dispersion in the Euro area for the 
period. Figures 3 and 4 plots the absolute spread (the absolute difference between the 
highest and lowest inflation rates), the (unweighted) standard deviation and median absolute 
deviation (MAD)8 of inflation rates across the Euro area. Greece is left out of this analysis as 
it is an outlier country that was not a part of the original Euro area countries.
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Figure 3: Inflation dispersion in the Euro area based on absolute spread and median absolute deviation (MAD).

                                                

8 The advantages of MAD is that it is more resilient to outliers in the data set.
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Figure 4: Inflation dispersion in the Euro area based on standard deviation.

From the figure we can see that MAD, absolute spread and standard deviation fall quite 
sharply in the beginning of the period. Absolute spread falls from 7.1 percentage points in 
1992 to the minimum point in the sample of 1.1 in 1997, as the EMU countries strived to 
fulfil the convergence criteria set by the Maastricht Treaty. After the second quarter of 1997 
the absolute spread has increased considerably and does not appear to be getting any closer 
to the minimum level reached in 1992 (the absolute spread was 3 percentage points at the 
end of 2007). MAD decreased from 16 percentage points in 1992 and down to 3 percentage 
points in quarter 2 of 1997. In the period 1998 to 2007 MAD increased and was at 6 
percentage points at the end of 2007. Figure 4 also shows a significant decrease in standard 
deviation across the Euro area from 1992 to 1997 followed by a subsequent increase after 
the adoption of the Euro. The standard deviation also reached its minimum of 0.4 percent in 
1992, while it stayed around 1 percentage point in 2007. From both figure 3 and figure 4, it 
can clearly be seen that there is a structural break in the data in 1997. Inflation dispersion 
decreases sharply from 1992 to 1997, while it shows an increasing trend in the period 1998-
2007, though not reaching the high levels of dispersion of the early 90’s. These results show 
what we expected to find and are in line with what has been found in previous research, such 
as in Duarte (2003).

3.2 Cointegration
The second part of our analysis is based on cointegration. Cointegration was first introduced 
by Engel and Granger (1987). Their work is building on the theorem of Granger (1983) and 
is a measure of the long-run mechanisms in a variable. If two or more time series variables 
are themselves non-stationary but a linear combination of them is stationary, then the series 
are said to be cointegrated. Cointegrated variables share the same stochastic trends and so 
cannot drift too far apart (Enders, 2004). This basically means that if two variables are 
cointegrated they do not drift far apart in the long-run. However, this does not mean that on 
a daily basis the variables have to move in the same direction, but there exists a long-run 
relationship. If two variables are cointegrated, this is a good indication of convergence of the 
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two variables. The absence of cointegration relationships indicates that the variables do not 
move together in the long-run. Engel and Granger introduced a two-step procedure in order 
to test for cointegration; 

Step1: Given that the residuals appear to be white noise we pre-test the variables by using an 
Augmented Dickey Fuller (ADF) test to determine whether the variables are integrated of 
the same order. 

Step 2: If the variables in step 1 are integrated of the same order we test for a the long-run 
relationship of the two variables as shown in equation 5.

By definition cointegration requires that the variables have to be integrated of the same 
order, I(d). If the variables are integrated of different order we can conclude that the 
variables are not cointegrated. The assumption that the variables are integrated of the same 
order is a necessary, but not a sufficient condition for cointegration. Only to have concluded 
that the variables are integrated of the same order does not make them cointegrated, there is 
still a risk that the regression is spurious. The concept of spurious regression developed by 
Granger and Newbold (1974) states that in a regression involving non-stationary variables 
there might be R-values and t-statistic that look to be significant. If we have a spurious 
regression we have a relationship that does not provide any meaningful information to us, 
there will be no causal relationship. If non-stationary variables are both integrated of the 
same order and there is a liner combination of them that is stationary we have a 
cointegration relationship between them. Hence, cointegration time series share the same 
stochastic trend. It means that the two variables will not drift away too much from each 
other, at least in the long-run.

Most of the economic time series are non-stationary and integrated of the order one or I(1). 
To test for a unit root we have used an ADF test, which has higher power than many other 
tests. The ADF test is generally used when the residuals from the test variable do not appear 
to be white noise. ADF adds a number of lags of the dependent variable to the regression to 
whiten the errors. In order to determined if we have unit root or stationarity we used the 
simplified unit root model based on Elder and Kennedy (2001) approach. Many unit root 
testing strategies are too complicated and according to Enders (2003), the testing strategies 
are complicated for 3 reasons, first they do not take previous knowledge about the growth 
status according to time into considerations, second they worry about outcomes that are 
unrealistic and third there will be mass significance because the test are double and tripled. 
According to prior knowledge variables that do not grow over time, at least in the long-run 
are interest and inflations rates. Due to that we constructed our ADF test by including an 
intercept but no time trend:
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Where εt is a white noise and t denotes time period. The following regression is employed to 
test for two unit roots where Δ2 is the second difference level:
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The lag length generally depends on the frequency of the data and we use the Schwarz 
information criterion in our tests. 
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ADF hypothesis:

:0H γ=0 series contains at least one unit root, non-stationary

1H : γ<0 series contains no unit root, stationary 

If our computed ADF p-value is greater than our significance value of 0.05 we can conclude 
that the variable contain at lest one unit root. After this first test we can only determine 
whether our inflation variables are integrated of order zero, I (0) or not. If the test prove that 
the inflation rate are stationary, that it fluctuates around a constant long run mean we can 
conclude that there is no cointegration relationship. As mention above it is necessary to 
concluded that the inflation variables are integrated of the same order to apply the Engle 
Granger methodology. 

The simplest approach to this is to run an ADF test in first difference, as shown in equation 
4. In this case if our computed ADF p-value is less than 0.05 the inflation variable does not 
contain a unit root, I (0). With the inflation variables that are integrated of the same order 
further test have to be made in order to find out whether they are cointegrated or not.

Continuing using the Engel Granger methodology the next step is to run an ordinary least 
squares on the variables of interest, given that they are integrated of the same order.  

Yt = α+ Xt + εt (5)

The residuals from the above regression are used to conduct a unit root test. 

ttt   1 (6)

ADF hypothesis:

:0H γ =0 series contains at least one unit root, No cointegration

1H : γ <0 series contains no unit root, cointegration     

Given that {Yt} and {Xt} from equation 4 were both found to be I (1) and that the residuals 
are stationary, we can conclude that the series are cointegrated of order (1, 1). An important 
remark here is that the usually probability value from the ADF test is not valid in this case. 
The problem is that the {εt} sequence is generated from a regression equation; we do not 
know the actual error {εt}. Instead we have to use the Mackinnon (1991) critical values. If 
our computed value of the ADF test is lower than or more negative than the Mackinnon 
(1991) critical values the null hypothesis of no cointegration relationship can be rejected. As 
a consequence, the more negative the ADF test statistic is the stronger is the rejection of our 
null hypothesis and therefore in favour of a cointegration relationship.

The Engle-Granger two step methods suffer from a number of problems. The main 
criticism is that the power of the test is too low particularly if the sample size is small. With a 
low power of the test the probability that a false null hypothesis is correctly rejected 
decreases.
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If we suffer from low power one possible solution is to increase the number of observations. 
Another problem is that we have to state one of our inflation variables as the dependent 
variable and the other as the independent variable even if the theoretical motive of doing so 
is not justified. Further more, the Engle-Granger procedure has to rely on a two-step 
estimator. The first step is to generate the residual series {εt}, and the second step uses these 

generated errors to estimate a regression of the form ttt   1 Thus, the 
coefficient α is obtained by estimating a regression using the residuals from another 
regression, any error introduced by step 1 is carried into step 2 (Enders, 2004). 

In addition to the Engle-Granger procedure we test for cointegration using the Johansen 
(1988) procedures which avoids the previously mentioned problems of the Engle-Granger 
procedure. Johansen method uses maximum likelihood estimators to test for the presence of 
multiple cointegrating vectors. This procedure relies heavily on the relationship between the 
rank of a matrix and its characteristic roots. The Johansen procedure is nothing more than a 
multivariate generalization of the Dickey-Fuller test, using vector autoregressive (VAR) ap-
proach. The first thing to determining is the order of p in the VAR given by the equation:

ttptt yAyAy     ...11       (7)

Where yt is an nx1 vector of variables that are integrated of order one and εt is an nx1 vector 
of innovations.

The VAR equation can be rearranged such that  
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If the coefficient matrix Π has reduced rank r<n, we have a matrix containing n x r matrices 
α and β each with rank r such that Π=αβ’ and β’yt. r is the rank of Π and is the number of 
cointegrating relationship. The α elements in the matrix are know as the adjustment parame-
ters and each column of β is a cointegrating vector. For the purpose of measuring the linear 
relationship between the two multidimensional variables know as the canonical correlation 
and thereby the reduced rank of the Π matrix, Johansen has developed two different likeli-
hood ratio test, the trace test and the maximum eigenvalue test. The trace test is a joint test 
where the null hypothesis tests if the number of cointegrating vectors is less than or equal to 
r. On the other hand, the maximum test, the null hypothesis tests if there are r cointegrating 
vectors. Both tests could be used in the order to detect the presence of cointegration even if 
in some cases they may indicate different numbers of cointegration relationships.      

Trace test:        
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Maximum test:
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The critical values that are used for both of these two tests are available in Johansen and 
Juselius (1990) but can also be found in the Eviews. If our calculated test statistic exceeds its 
critical value of 5% when we test for 0:0 rH and 0:0 rH we have at least one cointe-
gration relationship.

Criticisms of the Johansen approach is that the result can be sensitive to the number of lags 
that are included in the test and also if the regression suffer from autocorrelation. To get re-
liable results the sample size has be large. Our sample size is 72 observations for the pre-
Euro period and 120 observations for the post-Euro period.  

3.3 Analysis of the results
For this section we test of cointegration relationships between each country and the average 
rate of inflation of all other countries in the sample, using monthly inflation rate data. We do 
this in order see the relationship between each individual country and the rest of the sample.
Therefore, we have a specific average measure to be compared with each country. Greece is 
left out of the analysis in this part because it would distort our data, since it had very high 
inflation rate at the beginning of the sample period and the fact that they only entered the 
EMU in 2002. Furthermore, we leave Ireland out of the analysis here because monthly 
inflation rate date is only available from 1996. We believe that our analysis will be relevant 
even though these countries are left out of our analysis. We start by plotting each country’s 
inflation rates against the sample mean and discuss the observed trend. This will give a good 
insight into the relationship between each country’s inflation rates and the average rate of 
inflation of the remaining countries.
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Figure 5: Inflation rates in Austria (INFL_AT) plotted against the average rate of inflation (AV_AT)

Austria seems to be quite well integrated with other EMU member countries. In 1992 the 
Austrian inflation rates were high as in the whole sample, though slightly lower than the 
average rates of inflation. It follows quite similar trend as the average, never drifting very far 
away and decreasing throughout the whole first period, usually a bit lower than the average. 
In the second period the Austrian inflation rates keep on following a similar trend as the 
sample average.
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Figure 6: Inflation rates in Belgium (INFL_BE) plotted against the average rate of inflation (AV_AT).

From figure 5 we can see that Belgium had considerably lower inflation rates than the aver-
age at the beginning of the first period, converging toward the average at the end of the pe-
riod. In the second period the Belgian inflation rates seem to follow more closely to the av-
erage than in the first period.
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Figure 7: Inflation rates in Germany (INFLA_DE) plotted against the average rate of inflation (AV_DE).

Figure 6 shows that the German inflation rates are decreasing throughout the first period 
from 1992 to 1997, not showing any extreme divergence form the average and getting very 
close to the average in 1997. The German inflation rates seem to diverge a bit from the 
average at the beginning of the second period, staying below the average but still following a 
similar trend as the average when it comes to the movement of the inflation rates. After 2004 
the German inflation rates are very close to the average and seem to follow the mean to the 
end of the period in 2007.
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Figure 8: Inflation rates in Spain (INFL_ES) plotted against the average rate of inflation (AV_ES).

Spain had relatively high inflation rates in the early 90’s that decreased throughout the first 
period, managing to get inflation down to the average level in 1997. After 1997 inflation 
rates in Spain increased again above the average and have stayed relatively high ever since. 
Inflation seems to be affected by similar shocks as the rest of the EMU countries but is 
usually somewhat higher.
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Figure 9: Inflation rates in Finland (INFL_FI) plotted against the average rate of inflation (AV_FI)

Inflation rates in Finland were low relative to the rest of the EMU countries at the beginning 
of the first period, which converged towards the average in the end of the period. Inflation 
rates follow the average quite closely until the year 2000 when it starts decreasing considera-
bly below the average, though converging towards the average again in the 2006 and 2007.
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Figure 10: Inflation rates in France (INFL_FR) plotted against the average rate of inflation (AV_FR)

France had relatively low inflation rates in the beginning of the 90’s, which decreased 
gradually throughout the whole decade, converging towards the average of the EMU in 1996 
and 1997. At the beginning of the second period, the inflation rates in France seem to 
diverge slightly from the average, however, after 2002 they follow the average quite closely, 
not drifting extremely far from the average.
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Figure 11: Inflation rates in Italy (INFLA_IT) plotted against the average rate of inflation (AV_IT)

Italy has had an unstable, high inflation economy throughout the years and very high 
inflation was observed in 1992. Inflation rates decreased gradually from 1992 until 1995 
when Italy experienced a financial crisis which resulted in a significant increase in inflation 
rates. Despite of that, Italy managed to decrease its inflation rates from 5.5% in early 1996 to 
1.7 % in 1997 and met the Maastricht criteria. After 1997 the Italian inflation rates have 
moved quite close with the average of the EMU, seemingly more integrated to the rest of the 
EMU when it comes to inflation rates.
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Figure 12: Inflation rates in Luxembourg (INFL_LU) plotted against the average rate of inflation (AV_LU)

From figure 11 we can see that Luxembourg had quite low inflation rates relative to the av-
erage and decreasing throughout the period 1992 to 1997. By the end of the period, the infla-
tion rates were slightly lower than the average but quite close. In the later period, the infla-
tion rates in Luxembourg stayed quite close to the average and followed a similar trend 
throughout the whole period.
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Figure 13: Inflation rates in the Netherlands (INFL_NL), plotted against the average rate of inflation (AV_NL)

Inflation rates in the Netherlands showed decreasing trend throughout most of the period 
1992 to 1997 and staying lower than the average until the end of the period when it 
increased a bit over the average. After 1998, inflation rates in the Netherlands started 
increasing and were considerably higher than the average during 2001 and 2002. After that 
they decreased significantly and have stayed below the average since 2004
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Figure 14: Inflation rates in Portugal (INFL_PT), plotted against the average rate of inflation (AV_PT).

In 1992 the inflation rates in Portugal were the highest of all the 11 original EMU countries, 
peaking at just under 10% in 1992. During the period 1992 to 1997 the inflation rates 
decreased gradually and converging towards the EMU average, getting even lower for some 
time in 1997. However, after 1998 the inflation rates in Portugal increased sharply and 
started diverging from the EMU average again and stayed considerably higher throughout 
the period 1998 to 2007, though converging somewhat at the end of the period.

From figures 5 to 14 we can see that inflation rates in the 10 countries were decreasing 
throughout the period 1992 to 1997 and in most cases converging towards the average at the 
end of the period, with the exception of Austria in which case the inflation rates seem to 
follow quit closely throughout both of the periods analysed. However, in the period 1998 to 
2007 it is hard to see a clear patter from the figures, where in some cases the countries seem 
to follow the average more closely then in the earlier period (such as Belgium, Italy and
Luxembourg). Furthermore, we can see in the end of the period 1998 to 2007 that inflation 
rates start following the average of the remaining countries more closely in all of the 
countries. A possible reason for this pattern could be that a price convergence is a factor in 
the inflation rate divergence process as theory suggests and that price convergence has 
slowed down at the end of the period. However, we will leave that question for future 
research.

For our purpose to determine whether the inflation rates among the European countries are 
cointegrated or not the ADF test, Engle-Granger cointegration test and Johansen 
cointegration test were used9.

Table A1 in the appendix shows the results of the unit root tests for the period 1992 to 
1997. We concluded with a 95% significance level, that all the countries in the sample
contained one unit root, that is, were integrated of order one. Moreover, the unit root tests 
for the average measures also were integrated of order one, making it relevant to test for 
cointegration for all the countries. Despite the fact that the graphical analysis indicate for all 
the sample countries that the inflation rates are converging, we could only reject the null 

                                                

9 Example of Eviews output is provided in appendix 2
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hypothesis of no cointegration for Austria and Portugal based on the Engle-Granger
cointegration tests (see table A2 in the appendix). Furthermore, the Johansen cointegration 
tests confirmed our results, where we rejected the null hypothesis of no cointegrating vector 
only for Austria and Portugal, based on both the trace test and the maximum test (see table 
A3 in the appendix).

For the latter period 1998 to 2007 we concluded with a 95% significance level, that the 
inflation rates for all countries in the sample except for Luxembourg contained one unit root 
(see table A4 in the appendix). However, the only average measures for the inflation rates 
that contained one unit root were Spain and Finland. Thus, the only countries that were 
integrated of the same order as the average measures were Spain and Finland. As a result of 
that, we could only test for cointegration relationships for Spain and Finland. Based on the 
Engel-Granger cointegration tests we could not reject the null hypothesis of no cointegration
for both countries (see table A5 the appendix). The results from the Johansen test are in line 
with those from the Engel-Granger test, namely that there exists no cointegration 
relationship in the period 1998 to 2007 (see table A6 in the appendix).

The method of testing each country’s inflation rates against an average has not been done 
before, but to compare our results with previous research we could mention Mentz and 
Sebastian (2003) who used Johansen’s multiple cointegration tests for five Euro area 
countries10. The result of their analysis only showed maximum of two cointegrated 
relationships in the sample, indicating a partial convergence of inflation rates for the period 
1993 to 1998. They also tested for cointegration in the period 1993 to 2002, where they 
found no cointegration relationships. Moreover, Busetti et al (2007) ran pairwise 
cointegration tests on twelve11 Euro area countries for the periods 1980 to 1997 and 1998 to 
2004. Their results showed that majority of the countries had cointegration relationships in 
the first period, while they found significantly less evidence of cointegration in the second 
period.

Although, the cointegration tests did not give any conclusive results, the descriptive statistics 
clearly show that there was some level of inflation rate convergence in the period 1992 to 
1997, where standard deviation, mean absolute deviation and absolute spread decreased sig-
nificantly. Moreover, these measures showed an increase in dispersion of inflation rates in 
the period 1998 to 2007. There is a clear structural break in the data, which indicates that the 
Maastricht Treaty and the introduction of the Euro had a significant impact on the inflation 
rate convergence within the EMU.

                                                

10 Germany, France, Italy, Spain, Portugal

11 Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal and 
Spain
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4 Conclusion
The aim of this paper was to analyse how the introduction of the Euro has affected inflation 
rates within the EMU. The introduction of the Euro was one of the major parts of the EU’s 
integration process in creating a single market for Europe. We have pointed out that a single 
monetary policy can only influence the price level of the currency union as a whole. Thus, 
making the dispersion of inflation rates an important factor that has to be considered by the 
ECB. For the purpose of analysing this problem we have kept our main focus on the 11 
original countries of the EMU that took up the Euro in January 1999. However, we had to 
leave Ireland out of the cointegration analysis because of missing observations. 

Our descriptive statistics indicated that there was inflation convergence before the 
introduction of the Euro, which can be explained by the fact that the countries in the 
original EMU group had to meet the Maastricht convergence criteria in by the end of 1997. 
However, after the introduction of the Euro, standard deviation, absolute spread and MAD 
show that inflation rates have diverged among the countries. Despite the fact that the 
descriptive statistics indicate convergence of inflation rate before the introduction of the 
Euro, we found that only Austria and Portugal had a significant cointegration relationship 
with the sample mean in the period 1992 to 1997. 

In the period 1998 to 2007, we found that none of the countries had a significant 
cointegration relationship with the sample mean, indicating even further that inflation rates 
have diverged after the introduction of the Euro.

For future researchers, it should be pointed out that the EMU is still a relatively young union 
and is in its development process and is still evolving. The issue of inflation rate dispersion 
within the EMU is an important factor when it comes to policy decisions and should be ana-
lysed even further in the future. How the new accession countries will affect inflation rate 
dispersion in the EMU is an important factor that could be analysed. Furthermore, the fac-
tors that affect inflation rate dispersion should be analysed further.
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Appendix 1: test results

Table A1 Augmented Dickey-Fuller unit root test 1992-1997

Variables ADF test, calculated critical 
statistic for one unit root

ADF test, calculated critical 
statistic for two unit roots.

Austiria

Average

-0.820030*

-1.196927*

-7.816078**

-6.636282**

Belgium

Average

-1.393991*

-1.214173*

-7.895005**

-6.692687**

Germany

Average

-1.857999*

-0.804332*

-7.558831**

-6.678663**

Spain

Average

-1.496940*

-1.194586*

-7.693407**

-6.855456**

Finland

Average

-1.957881*

-0.786592*

-8.579442**

-6.641373**

France

Average

-1.973193*

-1.052887*

-3.706366**

-6.934657**

Italy

Average

-0.802412*

-1.138666*

-3.864666**

-6.633675**

Luxembur

Average

-1.009798*

-1.153918*

-8.005038**

-7.147495**

Netherlands

Average

-2.145250*

-0.951796*

-8.764700**

-6.694388**

Portugal

Average

-1.796509*

-1.088518*

-6.303944**

-7.307586**

* Cannot reject 0H of the the precense of a unit root

** Reject 0H of the precense of a unit root.
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Table A2 Engel-Granger Cointegration method 1992-1997

Variables EG test, calculated critical 
statistic:

Austria -3.536678** Cointegration

Belgium -2.287725* No Cointegration

Germany -1.681688* No Cointegration

Spain -2.206454* No Cointegration

Finland -1.605621* No Cointegration

France -2.539391* No Cointegration

Italy -1.427980* No Cointegration

Luxemburg -2.516473* No Cointegration

Netherlands -2.276831* No Cointegration

Portugal -4.024934** Cointegration

* Cannot reject 0H of no cointegration

** Reject 0H of no cointegration

Table A3 Johansen Cointegration test 1992-1997

Variables Johansen test, calculated 
critical statistic:

Austria Trace=17.34917**

Max=14.98499**

Cointegration

Cointegration

Belgium Trace=10.53575*

Max=6.730797*

No Cointegration

No Cointegration

Germany Trace=8.502464*

Max=6.346743*

No Cointegration

No Cointegration

Spain Trace=5.831987*

Max=3.187897*

No Cointegration

No Cointegration

Finland Trace=6.606821*

Max=4.008319*

No Cointegration

No Cointegration
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France Trace=8.967329*

Max=6.823391*

No Cointegration

No Cointegration

Italy Trace=5.658415*

Max=4.459453*

No Cointegration

No Cointegration

Luxemburg Trace=11.32630*

Max=9.443155*

No Cointegration

No Cointegration

Netherlands Trace=8.476535*

Max=7.407109*

No Cointegration

No Cointegration

Portugal Trace=20.12800**

Max=17.32070**

Cointegration

Cointegration

* Cannot reject 0H of no cointegrating vector

** Reject 0H  of no cointegrating vector

Table A4 Augmented Dickey-Fuller unit root test 1998-2007

Variables ADF test, calculated critical 
statistic for one unit root

ADF test, calculated critical 
statistic for two unit roots.

Austiria

Average

-1.342684*

-3.474506**

-11.92307**

-

Belgium

Average

-2.790795*

-3.195553**

-9.938533**

-

Germany

Average

-1.908342*

-3.437763**

-12.04624**

-

Spain

Average

-2.782691*

-1.626853*

-8.107959**

-9.317314**

Finland

Average

-1.477344*

-2.195153*

-10.35835**

-8.533804**

France

Average

-2.427724*

-.3455849**

-3.061949**

-

Italy -1.789646* -10.70902**
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Average -3.516592** -

Luxemburg

Average

-6.056579**

-3.060865**

-

-

Netherlands

Average

-1.507823*

-3.503966**

-10.71020**

-

Portugal

Average

-2.375161*

-3.727258**

-9.980824**

-

* Cannot reject 0H of the the precense of a unit root

** Reject 0H  of the precense of a unit root.

Table A5 Engel-Granger Cointegration test 1998-2007

Variables EG test, calculated critical 
statistic:

Spain -2.681237* No Cointegration

Finland -1.750869* No Cointegration

* Cannot reject 0H of no cointegration

** Reject 0H of no cointegration

Table A6 Johansen Cointegration test 1998-2007

Variables Johansen test, calculated 
critical statistic:

Spain Trace=13.21753*

Max=10.96272*

No Cointegration

No Cointegration

Finland Trace=12.04956*

Max=7.139835*

No Cointegration

No Cointegration

* Cannot reject 0H of no cointegrating vector

** Reject 0H of no cointegrating vector
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Appendix 2: example of Eviews output

Unit root test for Austria (1992-1997)

Null Hypothesis: INFL_AT has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic based on SIC, MAXLAG=11)

t-Statistic   Prob.*

Augmented Dickey-Fuller test statistic -0.820030 0.8071

Test critical values: 1% level -3.525618

5% level -2.902953

10% level -2.588902

*MacKinnon (1996) one-sided p-values.

Unit root test for all sample average (1992-1997)

Null Hypothesis: AV_AT has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic based on SIC, MAXLAG=11)

t-Statistic   Prob.*

Augmented Dickey-Fuller test statistic -1.196927 0.6716

Test critical values: 1% level -3.525618

5% level -2.902953

10% level -2.588902

*MacKinnon (1996) one-sided p-values.

Engel-Granger cointegeration test for Austria (1992-1997)

Dependent Variable: INFL_AT

Method: Least Squares
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Date: 04/29/08   Time: 12:07

Sample: 1992M01 1997M12

Included observations: 72

Variable Coefficient Std. Error t-Statistic Prob.  

C -0.414060 0.147069 -2.815410 0.0063

AV_AT 1.051907 0.047947 21.93896 0.0000

R-squared 0.873031     Mean dependent var 2.673496

Adjusted R-squared 0.871218     S.D. dependent var 1.009629

S.E. of regression 0.362318     Akaike info criterion 0.834796

Sum squared resid 9.189207     Schwarz criterion 0.898037

Log likelihood -28.05266     F-statistic 481.3178

Durbin-Watson stat 0.613195     Prob(F-statistic) 0.000000

Null Hypothesis: E has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic based on SIC, MAXLAG=11)

t-Statistic   Prob.*

Augmented Dickey-Fuller test statistic -3.536678 0.0097

Test critical values: 1% level -3.525618

5% level -2.902953

10% level -2.588902

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation

Dependent Variable: D(E)

Method: Least Squares

Date: 04/29/08   Time: 12:08

Sample (adjusted): 1992M02 1997M12
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Included observations: 71 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.  

E(-1) -0.311117 0.087969 -3.536678 0.0007

C 0.001057 0.031210 0.033871 0.9731

R-squared 0.153458     Mean dependent var -0.001144

Adjusted R-squared 0.141190     S.D. dependent var 0.283717

S.E. of regression 0.262926     Akaike info criterion 0.193880

Sum squared resid 4.769992     Schwarz criterion 0.257617

Log likelihood -4.882737     F-statistic 12.50809

Durbin-Watson stat 1.764502     Prob(F-statistic) 0.000729

Johansens cointegration test for Austria (1992-1997)

Date: 05/06/08   Time: 14:37

Sample (adjusted): 1992M04 1997M12

Included observations: 69 after adjustments

Trend assumption: Linear deterministic trend

Series: INFL_AT AV_AT

Lags interval (in first differences): 1 to 2

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05

No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None * 0.195210 17.34917 15.49471 0.0260

At most 1 0.033683 2.364181 3.841466 0.1241

Trace test indicates 1 cointegrating eqn(s) at the 0.05 level

* denotes rejection of the hypothesis at the 0.05 level

**MacKinnon-Haug-Michelis (1999) p-values
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Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05

No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None * 0.195210 14.98499 14.26460 0.0384

At most 1 0.033683 2.364181 3.841466 0.1241

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level

* denotes rejection of the hypothesis at the 0.05 level

**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegrating Coefficients (normalized by b'*S11*b=I):

INFL_AT AV_AT

-3.323152 3.841701

1.071117 -0.007852

Unrestricted Adjustment Coefficients (alpha):

D(INFL_AT) 0.092289 -0.028692

D(AV_AT) -0.022811 -0.019779

1 Cointegrating Equation(s): Log likelihood 52.30396

Normalized cointegrating coefficients (standard error in parentheses)

INFL_AT AV_AT

1.000000 -1.156041

(0.09015)

Adjustment coefficients (standard error in parentheses)

D(INFL_AT) -0.306691

(0.10217)

D(AV_AT) 0.075804
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(0.04911)

Unit root test for Austria (1998-2007)

Null Hypothesis: INF_AT has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic based on SIC, MAXLAG=12)

t-Statistic   Prob.*

Augmented Dickey-Fuller test statistic -1.342684 0.6079

Test critical values: 1% level -3.486064

5% level -2.885863

10% level -2.579818

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation

Dependent Variable: D(INF_AT)

Method: Least Squares

Date: 04/28/08   Time: 16:18

Sample (adjusted): 1998M02 2007M12

Included observations: 119 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.  

INF_AT(-1) -0.046229 0.034430 -1.342684 0.1820

C 0.101230 0.065363 1.548736 0.1241

R-squared 0.015175     Mean dependent var 0.020469

Adjusted R-squared 0.006757     S.D. dependent var 0.280008

S.E. of regression 0.279060     Akaike info criterion 0.301885

Sum squared resid 9.111325     Schwarz criterion 0.348593

Log likelihood -15.96217     F-statistic 1.802799
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Durbin-Watson stat 2.121538     Prob(F-statistic) 0.181974

Unit root test for all sample average (1998-2007)

Null Hypothesis: AVE_INFAT has a unit root

Exogenous: Constant

Lag Length: 12 (Automatic based on SIC, MAXLAG=12)

t-Statistic   Prob.*

Augmented Dickey-Fuller test statistic -3.474506 0.0105

Test critical values: 1% level -3.492523

5% level -2.888669

10% level -2.581313

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation

Dependent Variable: D(AVE_INFAT)

Method: Least Squares

Date: 04/29/08   Time: 12:56

Sample (adjusted): 1999M02 2007M12

Included observations: 107 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.  

AVE_INFAT(-1) -0.119723 0.034458 -3.474506 0.0008

D(AVE_INFAT(-1)) 0.243843 0.081637 2.986925 0.0036

D(AVE_INFAT(-2)) -0.021054 0.083680 -0.251602 0.8019

D(AVE_INFAT(-3)) 0.011264 0.082804 0.136032 0.8921

D(AVE_INFAT(-4)) 0.067773 0.083790 0.808842 0.4207

D(AVE_INFAT(-5)) -0.035610 0.083867 -0.424607 0.6721

D(AVE_INFAT(-6)) 0.095846 0.083061 1.153934 0.2515

D(AVE_INFAT(-7)) 0.021950 0.083625 0.262483 0.7935
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D(AVE_INFAT(-8)) 0.205840 0.083665 2.460296 0.0157

D(AVE_INFAT(-9)) 0.057983 0.086241 0.672342 0.5030

D(AVE_INFAT(-10)) 0.288373 0.085283 3.381354 0.0011

D(AVE_INFAT(-11)) 0.328201 0.089307 3.674954 0.0004

D(AVE_INFAT(-12)) -0.427184 0.093070 -4.589915 0.0000

C 0.273707 0.075483 3.626080 0.0005

R-squared 0.488190     Mean dependent var 0.018104

Adjusted R-squared 0.416646     S.D. dependent var 0.175520

S.E. of regression 0.134058     Akaike info criterion -1.059632

Sum squared resid 1.671359     Schwarz criterion -0.709917

Log likelihood 70.69034     F-statistic 6.823689

Durbin-Watson stat 1.963592     Prob(F-statistic) 0.000000


