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Abstract

Differences in price levels as well as inflation rates among countries have been

subject of discussion for a long time. More than the actual levels, however, the

question of determinants of price levels in time and a possible convergence is

key for the new member states with respect to the Maastricht criteria. The

dynamics of price levels is crucial, and many suggestions have been put forward

to explain the observed trends and changes. This thesis focuses on the deter-

minants of relative price level, and hence real exchange rate, developments in

the new member states of the EU and employs a regression analysis to examine

their change in time. As most of the countries in focus are transition econo-

mies, structural variables are also included among the independent variables.

We find that the Balassa-Samuelson effect is key to explaining real exchange

rate developments as the effect of productivity differential has been significant

over the whole period examined. However, in the recent years, marked by the

onset of the crisis, other factors, such as the structure of trade and Euro area

membership, have become more prominent.
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Abstrakt

Rozd́ıly v cenovýh hladinách a inflaci mezi zeměmi jsou již dlouho předmětem

široké debaty. Sṕı̌se než samotné cenové hladiny je pro nové členské státy

Evropské unie v souvislosti s Maastrichtskými kritérii d̊uležitá problematika

veličin, které určuj́ı vývoj cenových hladin v čase, a jejich př́ıpadná konver-

gence. Pro pozorovaný vývoj relativńıch cenových hladin bylo navrženo mnoho

potenciálńıch vysvětleńı. Tato práce se zabývá veličinami, které určuj́ı vývoj

cenových hladin, a tedy i reálných měnových kurz̊u, v nových členských státech

Evropské unie, a použivá regresńı analýzu k určeńı, jak se tyto veličiny měńı v

čase. Vzhledem k tomu, že většina zkoumaných zemı́ jsou transitivńı ekonomiky,

několik strukturálńıch proměnných je také zařazeno mezi vysvětluj́ıćı proměnné.

Výsledky naznačuj́ı, že Balassa-Samuelson̊uv efekt byl rozhoduj́ıci pro vývoj

reálného kurzu v celém zkoumaném obdob́ı. V posledńıch letech, určených

počátkem nedávné krize, se ale vliv daľśıch vysvětluj́ıćıch proměnných, jako

struktura obchodu a členstv́ı v Eurozóně, výrazně zvýšil.

Klasifikace JEL E31, F15, F31, P30

Kĺıčová slova relativńı cenová hladina, konvergence,

reálný měnový kurz, Evropská unie,

Balassa-Samuelson̊uv efekt

E-mail autora Pospisilovaandrea@seznam.cz

E-mail vedoućıho práce tomas.holub@cnb.cz

http://ideas.repec.org/j/E31.html
http://ideas.repec.org/j/F15.html
http://ideas.repec.org/j/F31.html
http://ideas.repec.org/j/P30.html
mailto:Pospisilovaandrea@seznam.cz
mailto:tomas.holub@cnb.cz


Master Thesis Proposal

Author Bc. Andrea Posṕı̌silová
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Hypotheses The expected findings are:

1. There has been price level convergence in the new member states of the

EU, but the relative importance of individual factor is different in various

time periods.

2. During the first period (up to 2003), factors other than the B-S effect

were prominent, such as deregulation of prices.

3. During the second period (from 2003 to 2007), the B-S effect was the

main driving force behind price level convergence.

4. The financial crisis had an impact on both the speed the convergence and

the strength of individual effects.

Methodology Based on the theoretical literature and data availability, several

factors that could lie behind price level convergence will be selected. Apart from

the Balassa-Samuelson effect, possible factors are: deregulation of prices, terms-

of-trade changes and other factors influencing price convergence in tradable

sector.

A panel regression will be run to determine the relative strength of these

effects on price level convergence for individual countries in several time periods.

The approach used will be mostly based on Čihák & Holub (2005) and Mihaljek

& Klau (2004).

Outline

1. Introduction

2. Theoretical Background

a) A short review of EU efforts to create a single market with respect

to price levels

b) Reasons for differences in price levels and possibilities of convergence

3. Empirical Research Overview

4. Empirical Part

a) Data description

b) Methodology

c) Empirical Analysis

d) Discussion of results

5. Conclusion
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Chapter 1

Introduction

Differences in price levels among countries as well as diverging inflation rates

have been subject of discussion for a long time. In particular, the question

whether price levels equalize in countries forming a union has been debated

often with relation to the European Union. Identifying structural and cyclical

factors behind price levels is thus of great importance. For the new EU member

states this is particularly relevant as these states are expected to adopt the

euro at some point (if they have not already done so), and they cannot do so

without meeting the so-called Maastricht criteria. In addition, the catching-up

process is also likely to influence competitiveness which, again, is of particular

importance with the view of a possible EMU entry.

Since its establishment, the European Union has been trying “to promote

economic and social progress which is balanced and sustainable, in particular

through the creation of an area without internal frontier” (Treaty on European

Union 1992, Article B). To achieve this objective, each member state needs

to fulfill a set of requirements promoting convergence and stability, and help-

ing strengthen economic ties among countries. In 1992, the Maastricht Treaty

established the convergence criteria to be fulfilled as a precondition for full

participation in the economic and monetary union. These preconditions try to

ensure high degree of convergence as measured by limits on public debt and

fiscal deficits, low inflation and long-term interest rates and exchange rate sta-

bility in the framework of the Exchange Rate Mechanism (ERM). Despite the

continuing effort, though, significant differences still prevail within the Euro-

pean Union in many areas. More than the actual levels, however, it is crucial to

focus on the question of a possible convergence and its determinants. The dy-

namics of price levels is among the most discussed issues, and many suggestions
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have been put forward to explain the observed developments.

With respect to the monetary union, Égert et al. (2003) also note that

fulfillment of all the criteria simultaneously may be very hard for the new

member states especially due to the catching-up process that is going on. While

there is room for price level convergence as a result of higher productivity

increase in the new member states (NMS) as opposed to the old-EU states, a

conflict between nominal and real convergence could arise. In the presence of

a floating exchange rate, relative price adjustment can occur without inflation.

However, with strong catching-up in the new states, it may be difficult to

achieve low inflation and exchange rate target simultaneously.

The issue of whether the real appreciation observed in the NMS is an equi-

librium phenomenon, and, ultimately, whether its effects are detrimental to

countries’ competitiveness, is related to the issue of the determinants of rela-

tive price level dynamics. Those authors who take the price developments as

a result of increases in productivity in the NMS (and, possibly, restructuring of

transition economies) see the real appreciation as an equilibrium phenomenon

which is necessary and which will eventually slow down when the NMS reach the

level of the old-EU countries. On the other hand, some authors argue that the

observed real appreciation leads to a loss of competitiveness and is, ultimately,

the cause of the observed current account deficits of the NMS.

The objective of this thesis, therefore, is to identify those factors that have

determined relative price levels and real exchange rates in the NMS during the

last two decades, and to establish how the relative importance of those fac-

tors has changed in time, particularly with respect to the recent crisis. The

thesis is structured as follows. The second chapter starts with a brief descrip-

tion of the observed developments and then continues to examine theoretical

reasons for price level differences and relative price dynamics. While the

Balassa-Samuelson effect (BSE) is probably the best known explanation, many

other suggestions have been put forward, such as demand side effects, or eco-

nomic environment (eg. taxes or administered prices). The third chapter then

provides an overview of the previous empirical studies. Most of these studies

focus on European countries, as the process of European integration provides

a unique opportunity to examine this topic. As the available literature is very

wide in scope, the chapter is divided on the basis of dependent and indepen-

dent variables chosen as focus variables. It presents the key findings for each

of these variables. In the fourth chapter an empirical analysis is carried out,

aimed at determining the driving factors behind the development of real ex-
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change rates in the NMS of the European Union. The independent variables

are chosen based on the theory available and based on the fact that most of

the countries in focus are transition economies. The fifth chapter concludes.



Chapter 2

Theoretical Framework

With the ever increasing integration among the European countries, the gap

between new and old member states of the European Union in terms of gross

domestic product (GDP) per capita can be expected to diminish as the NMS1

gradually approach the standard of living enjoyed in the old-EU2 countries.

Other real and nominal variables are likely to follow suit. During the transition

towards a market economy, many former communist countries experienced a

significant growth in productivity, especially in industry. This development was

accompanied by a higher price increase in the non-tradable sector than in the

tradable one and by an exchange rate appreciation, which in turn could have

had deleterious implications for competitiveness as well as a country’s ability

to meet the Maastricht criteria. Several of the NMS have already adopted

the euro3, and some countries have committed to joining the Economic and

Monetary Union (EMU) in the near future4. Alongside the obvious advantages

of Euro area membership, there are also the often-discussed issues that could

significantly impact the convergence process of these countries. In addition,

the crisis of recent years is likely to have altered significantly the convergence

process for all European countries and can be expected to continue to do so.

The catching-up process is, of course, one of the main reasons for the coun-

tries to have joined the European Union. It is important to determine what fac-

1That is Bulgaria, Czech republic, Estonia, Cyprus, Latvia, Lithuania, Hungary, Malta,
Poland, Romania, Slovenia and Slovakia.

2Unless specified otherwise, old-EU term is used for the European union countries before
the 2004 enlargement (EU15), that is Bulgaria, Denmark, Germany, Ireland, Greece, Spain,
France, Italy, Luxembourg, Netherlands, Austria, Portugal, Finland, Sweden and United
Kingdom.

3Slovenia in January 2007, Cyprus and Malta in January 2008, Slovakia in January 2009
and Estonia in January 2011.

4Latvia and Lithuania are expected to join in 2014 and 2015, respectively.
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tors lie behind these developments, since it may have implications for whether

the developments observed in EU countries are benign or not. Therefore, a thor-

ough understanding of what drives prices, inflation and real exchange rates is

of utmost importance.

Figure 2.1: GDP per capita in PPS in individual member states of the
European Union in years 2004 and 2010, EU27=100. Data
source: Eurostat.

The differences in GDP levels per capita can be seen in figure 2.1. It is

obvious that levels for the NMS range from around 40 % of the EU average for

Bulgaria to 80 % for Slovenia and even slightly higher for Cyprus. Incidentally,

even some of the old member states, such as Portugal and Greece, are below

the EU average. The difference among price levels is traditionally viewed as

due to the difference in price of services, which are significantly lower in low-

GDP countries, while due to purchasing power parity (PPP) prices of tradable

goods should be equal. What is more interesting than the absolute values is

the time development. The figure suggests some convergence as the differences

seem to be decreasing. Figure 2.2 offers a closer look at price level convergence

of the NMS and the old-EU countries. NMS’ lines are gradually increasing and

approaching the level of the old-EU states, which is set to 100 %. There are

differences among individual countries, though. Cyprus and Slovenia on the

one hand and Bulgaria and Romania on the other one are the two highest and

lowest ranking countries, respectively, and they all keep their position during

the whole period examined. While the difference between the bottom and top

countries has decreased slightly, it still remains large - around 40 percentage

points of the EU15 average.

Other articles (see for example Rogers 2007) also report that there has been

a reduction of the difference between price levels since the 1990s up until the

present. At the same time, due to successful disinflation in many countries,
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the inflation rates are very close to the EU average for example for the Czech

Republic and Poland. This indicates that lower initial price level together

with a catching-up process does not necessarily imply high inflation rates since

country’s catching-up process may partly result in nominal appreciation as well,

depending on the exchange rate regime. Figure 2.3 shows annual inflation rates

for the NMS and EU15 average. Obviously, in recent years inflation rates in

NMS have mostly dropped almost to the levels of the old-EU states, and even

below for three of them.

Figure 2.2: Relative price levels of the NMS from 1995 to 2011,
EU15=100. Data source: Eurostat.

Figure 2.3: Annual inflation rates in the NMS and EU15 for odd years
from 1997 to 2011. Data source: Eurostat.
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In 1992, a positive and significant relationship between GDP per capita and

price level was found by Kravis & Lipsey (1982). Figure 2.4 demonstrates this

relationship. We can see that economic standard (GDP per capita) and price

level in a given country show a significant positive correlation. In other words,

there is interdependence of nominal (price level) and real (GDP) values, and

thus also of nominal and real convergence. However, the relationship does not

apply to the same extent to all countries. Cyprus, for example, has a relatively

high price level given its GDP due to its dependence on foreign tourism. On the

other hand, Czech republic, Hungary and Malta seem to be below what their

price level should be with respect to their GDP.

Figure 2.4: Scatter plot of GDP per capita and price levels in 2010,
EU27=100. Data source: Eurostat.

When talking about real variables, it is also important to take a look at

real exchange rate. Its development can be seen in figure 2.5. The data is

constructed as chain index, so that a country’s real exchange rate in 1994 is

set to 1. It is clear that in most countries, there has been a significant real

appreciation during the observed period.

From what has been said so far, it follows that each country has been devel-

oping in a unique way, but common trends can be discerned. It is important to

examine the particular causes of this development to better understand and an-

ticipate future changes. As has already been mentioned, the differences among

price levels are often attributed to differences in prices of services. Several

other reasons have been put forth to provide additional explanations. Égert

(2007) proposes a division based on whether they focus on explanation of mar-
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Figure 2.5: Development of real exchange rate in the NMS from 1994
to 2011, 94=1 for each country. Data source: Eurostat.

ket or non-market services and goods or some local characteristics. Any of

the proposed factors may contribute to the different levels of various economic

variables, and changes in their development between various countries can then

result in convergence or divergence and, therefore, in the catching-up process.

The following sections will thus try to summarize these effects.

2.1 Prices of Market-Based Services

2.1.1 Supply Side Explanations

Two papers published in 1964 by each of the two authors (Balassa 1964 and

Samuelson 1964) come up with an explanation why services are cheaper in less

developed countries. This explanation became known as the Balassa-Samuelson

effect (BSE). In their model economy, two types of goods (tradable (T) and

non-tradable (NT)) are produced with two distinct constant-returns-to-scale

production functions:

Yt = AtL
γ
tK

(1−γ)
t

Ynt = AntL
δ
ntK

(1−δ)
nt

where 0 < γ, δ < 1, and labour intensity in the NT sector is larger than in the

T one, so that δ > γ. Y , L, K and A represent output, labour, capital and total
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factor productivity, respectively. It is assumed that market forces are at work in

both sectors, and PPP holds in the tradable sector. In addition, wages are linked

to productivity in the tradable sector, and there is wage equalization between

sectors. The price of tradable goods is determined in the world markets, while

the price of non-tradable goods is given by the productivity in the non-tradable

sector and the overall wage level determined in the tradable sector. The overall

price level in a country is given by:

P = (pt)
µ(pnt)

(1−µ)

In addition, we assume perfect labour mobility within a country and no mobility

across countries.

If we assume that productivity is lower in home country as compared to

other countries in the open sector, it implies lower home wages in that sector.

Differences in productivity are common, and during the catching-up process

it is likely that productivity is lower in the less developed countries. Because

wages are equalized, this also implies low wages in the closed (NT) sector of

the home country. Therefore, lower productivity in the tradable sector in the

home country translates into lower price level there.

What is even more important is the dynamic effect present in this model.

If productivity increases faster in the open sector than the closed one (which

is likely due to integration of countries), then prices of non-tradable services

increase because of wage spillovers from the tradable sector. This in turn in-

creases overall price level. This is the internal transmission mechanism from

productivity increase in the open sector to an increase in non-tradable prices

and thus to overall inflation. In addition, if home country’s productivity differ-

ential is larger than the foreign country’s one, which is likely for less developed

countries, then the price level increases faster in the home country.

According to Halpern & Wyplosz (2001), the exact mechanism through

which the BSE affects real exchange rate depends on its definition. First, one of

the definitions of the real exchange rate is the price of tradable goods relative

to non-tradable goods. In the BSE, price of non-tradable goods increases and

thus leads directly to real exchange rate appreciation. To determine the effect

on a wider definition of real exchange rate (eg. consumer price index (CPI)

based real exchange rate), we consider two cases. Under a fixed exchange rate

regime, the price changes in the tradable sector are the same in home country

and the foreign one. Therefore, based on the BSE, NT goods’ price increases



2. Theoretical Framework 10

faster in home country and thus leads to price level increase, resulting inflation

and corresponding real exchange rate appreciation. Under flexible exchange

rate regime, domestic T goods’ price depends on world price plus nominal

depreciation of the currency. Ultimately, price increases in the NT sector may

result in some combination of CPI inflation and nominal appreciation.

Two expensions to the basic model have been proposed. An extension to

the BSE model was proposed by Fischer (2004). Instead of the traditional

two-sector model, the author shows that using a three-sector model allows for

inclusion of investment demand, which also leads to changes in relative prices.

In other words, productivity differences do not only work via the BSE, but also

through investment demand channel, as rising productivity in any sector raises

the equilibrium capital stock in the economy and thus leads to an increase in

investment demand which in trun raises prices. In addition, Holub & Čihák

(2003) incorporate both tradable and non-tradable capital into the

An alternative explanation of lower price level in less developed countries

was proposed by Bhagwati (1984). He argues that the main cause is the lower

capital-labour ratio in poorer countries. Because non-tradable and tradable

goods are assumed to be labour and capital intensive, respectively, this makes

less developed countries have a relative advantage in production of non-tradable

goods, while more developed countries have an advantage in producing tradable

goods. Consequently, price level of non-tradable goods is higher in countries

that are more developed. Alternatively, one could say that the wages in open

sector are consequently lower in poorer country because low capital-labour ratio

implies lower productivity.

It is also worth mentioning that while the BSE predicts a positive impact

of productivity increase on prices, Lein et al. (2008) argue that higher pro-

ductivity in the tradable sector may potentially lead to price decrease. An

increase in productivity generates market size gains. This usually leads to an

increase in product variety, which in turn means more competition that forces

firms to lower their mark-ups. The authors also stress that this effect would

be strengthened if higher productivity was accompanied by increasing trade

openness. Since the NMS went through a period of increasing openness during

their transition, this effect may be present in the data. Therefore, higher pro-

ductivity causes two opposing effect and the coefficients observed in empirical

analyses may well be a result of both of them. Given the existing empirical

literature, however, the BSE is thought to prevail.

The reason why the BSE has been paid so much attention is that if the
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BSE is the main driving force behind the catching-up process, then the real

appreciation is not likely to cause macroeconomic problems (Garćıa-Solanes

et al. 2008, p. 18) with regard to the EMU entry. In other words, those authors

who believe the convergence to be mostly a result of supply-side effect (eg. the

BSE) think inflationary pressures are benign and thus should not hinder EMU

entry. On the other hand, authors who believe convergence is a result of other

effects, such as demand-side effects, are less likely to support speedy EMU entry

as these effects may injure competitiveness (MacDonald & Wójcik 2004).

2.1.2 Demand-Side Explanations

An extension of the BSE looks at the demand side as another source of price dif-

ferences. Bergstrand (1991) argues that relative price of non-tradables depends

not only on capital-labour ratio and relative productivity, but in equlibrium it

also holds:

p̂nt − p̂t = φ1(ât − ânt) + φ2k̂ + φ3ŷ

where k̂ and ŷ are changes in the capital-labour ratio and per capita income.

In this setting, GDP per capita captures demand-side pressure linked to gov-

ernment and private consumption. Because of the high income elasticity of

non-tradable goods, an increase in GDP per capita can result in an increased

demand for non-tradable goods, which in turn increases their price. In other

words, with increased GDP of a country (ie. increased productivity which leads

to higher wages), the share of non-tradable goods increases because preferences

are thought to be skewed towards these products over tradable goods. Effec-

tively, the demand effect reinforces the supply effect (the BSE) as long as the

share of services increases with higher income.

Demand side effects are of particular interest in transition economies. Pro-

duction in central planning economies was largely distorted towards tradable

goods (while services were neglected) which lead to real exchange rate under-

valuation (Coricelli & Jazbec 2004). More importantly, once structural reforms

started, there was a huge capacity for price adjustments and demand shift from

tradable to non-tradable goods. With this shift, price of NT goods increases

relative to T goods, which leads to real appreciation. Alternatively, however,

one can argue that after market liberalization, consumers are more likely to

demand high-quality goods that were unavailable previously rather than non-

tradable goods. At first, this demand could be directed at foreign goods, but

with the quality improvements at home, at least part of the demand is likely
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to shift back to the now-higher quality goods. This would, in effect, lessen the

BSE.

Another extension to the BSE model was proposed by Fischer (2004). In-

stead of the traditional two-sector model, the author shows that using a three-

sector model allows for inclusion of investment demand, which also leads to

changes in relative prices. In other words, productivity differences do not only

work via the BSE, but also through investment demand channel, as rising pro-

ductivity in any sector raises the equilibrium capital stock in the economy and

thus leads to an increase in investment demand which in trun raises prices. This

suggests that the share of price development that has been ascribed to the BSE

is partly a result of investment demand, and the BSE has been overestimated.

2.2 Prices of Regulated Services and Goods

Relative prices as well as inflation are strongly influenced by government inter-

ventions, although the exact magnitude of the influence depends on the share

of regulated goods (or goods related in a way to regulated prices) in the bas-

ket. Differences between wages in public and private sectors may also be one

of the causes of different price levels. Due to lower productivity, wages tend

to be lower in the public sector despite a generally higher skill level. An even

more important factor could be a “disconnection between wages and prices in

the public sector since price levels might be kept at an artificially low level

because of political considerations, or because political decision-making cannot

or does not want to keep track of the rising price level of market services during

episodes of strong economic growth” (Égert 2007, p. 13). Whatever the reason,

differences in prices of regulated goods may have significant effect on the overall

price level in a country. Figure 2.6 shows the differences in fuel prices among

European countries. It is clear that these prices are below the EU average for

all the new member states. Furthermore, since taxes applied to these goods

vary considerably across countries, when taxes are considered, the differences

become even more pronounced.

A negative effect of many regulation is that the prices are regulated on a

cost plus (or rate of return) basis, which does not provide an incentive for the

producers to increase effectiveness, since they can simply transfer higher costs

to consumers (Égert 2011). This is often the case for sources of energy for

households. Because of these perceived inefficiencies, the volume of regulated

prices has been decreasing in most countries.
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Regulated prices matter not only for price levels, but also for inflation de-

velopment. The main reason is that they often constitute a significant part of

consumer price index. According to Égert (2007), regulated prices account for

10 to 30 percent of harmonized index of consumer prices (HICP) depending on

the exact definition of regulated prices. Based on Eurostat database, Fritzer

(2011) reports that, on average, administered prices account for 11 per cent of

the HICP. This number differs across states, and, as can be expected, there

are some differences among the old and new member states. In 2010, the gap

was almost 20 percentage points (5 % in Finland up to 23.6 % in Slovakia).

Ždárek (2009) argues that, based on data from the World Bank, the Czech

republic and Slovakia have the highest share of administered prices (around 25

per cent).

The second reason is that the development of regulated prices may be quite

unique: the changes often coincide with political cycle patterns, but they may

also increase faster than price of other goods due to a huge gap between the

price set and costs of provision. In addition, according to the so-called cost-

recovery hypothesis, this adjustment may take place over a long run (Zavoico

1995 in MacDonald & Wójcik 2004). In 2010, Eurostat began publishing a

new index, HICP-AP which reflects the development of administered prices in

individual countries, and which shows that inflation for this type of goods has

generally been higher than the overall inflation.

Figure 2.6: Differences in fuel prices for individual European coun-
tries, EU average set to 1. Source: Égert (2007, p. 14).

2.3 Prices of Residential Housing

Housing prices are often significantly lower in the NMS than in the old ones.

While part of this difference may be due to regulation, housing prices are usually

considered separately because of their unique characteristics. Currently, owner-

occupied housing is excluded from Eurostat’s HICP calculations, but these prices
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may affect prices of related goods (such as rents), which in turn affect the price

index. In addition, some attempts have emerged trying to develop a way to

include these prices in the indices.

Over the last years, developments in housing prices in the new member

states moved in sharp contrast to the development of other CPI prices. While

overall inflation was mostly in one-digit region, housing prices kept on increas-

ing at a much higher pace, especially in Bulgaria, Estonia and Lithuania (Égert

2007).

There are several reasons for the faster increase of housing prices relative

to other prices as suggested by Égert (2011). First, real convergence implies

richer households that require higher quality accommodations. This may show

up in construction costs and house prices if quality changes are not fully ad-

justed for. Second, real convergence also implies higer wages that in turn imply

higher wage costs in all labour intensive activities, such as construction. Third,

convergence tends to cause a rapid development of credit and mortgage mar-

kets not available before. Higher availability and affordability thus increases

demand for housing, and eventually also prices.

It is important to note that there are significant regional differences between

urban areas and countryside. For example, housing prices are three times higher

in Prague than in the Czech countryside, and the difference is almost as high

in Poland and Hungary. This of course implies lower east-west differences, as

high prices in capital cities increase the average closer to the western countries’

levels. At the same time, housing prices are the most heterogeneous price

segment in the whole of EU.

2.4 Prices of Market-Based Goods

Even prices of goods that go through market may differ between old and new

member states due to the following reasons:

2.4.1 Quality of Goods

Probably the most obvious reason for why prices may differ is the difference in

quality of goods. Households in poorer countries buy goods with lower quality

because of their lower price. By contrast, higher income households can afford

to pay attention to quality and also to pay the appropriate higher price.

This explanation could also be formulated in line with Engel’s Law: poor
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individuals spend most of their budget on basic food. Initial increase in budget

increases the amount of food up to a certain point. Further increases then

allow for switching to goods of higher quality as well as goods that are not

necessary (luxury goods). As Égert (2007) puts it, “wealthier consumers are

more quality sensitive, while poorer households are more sensitive to prices”

(Égert 2007, p. 25). Higher prices of goods therefore occur simply by switching

to high quality goods.

This shift towards higher-quality goods need not necessarily be only towards

foreign goods. Domestic companies may try to attract consumers via launch

of new products of higher quality. These new products can be sold at higher

price, which contributes to the higher price level.

Changes in quality should not show up in price statistics if the quality is

appropriately taken into account. However, in practice this is often not the case

as filtering out quality effects is difficult even for the developed countries. It

becomes even more difficult in case of rapid changes. For the Czech Republic,

Hanousek & Filer (2001) argue that the bias due to quality changes may have

reached up to 50 % of the CPI reported for food and goods. The main issue is

that there seems to be no “universally applicable and superior quality adjust-

ment method” (Ahnert & Kenny 2004). The authors conclude that while all

EU countries use some methods to correct for quality changes, these methods

are too various to be directly comparable and thus do not provide a reliable

correction across the whole of EU. The authors also propose hedonic quality

adjustments as a suitable way to eliminate quality effects from price statistics.

2.4.2 Pricing-to-Market Practices

Pricing-to-market refers to “a decision of a single producer to change the rel-

ative price at which he sells his output abroad and at home in response to

changes in international relative costs” (Atkeson & Burstein 2008, p. 3). We

might also say that producers take relative price level into consideration when

deciding on a price of a certain product in different countries. Already in 1986,

Krugman (Krugman 1986) pointed out that in the US, prices of European lux-

ury goods did not fall with strengthening of the dollar relative to European

currencies.

This can be best observed on a homogeneous product that is sold in different

countries. The car price data published by the European Commission are



2. Theoretical Framework 16

oftentimes used for such comparison, as the prices published refer to the same

model of a particular car and thus allow for direct comparison.

Égert (2007) reports a difference of 10 percent for smaller models between

countries such as Malta, Cyprus and some central European countries and the

western EU. This implies that prices of these models may be deliberately set

lower in particular countries due to lower disposable income, in an attempt

to attract enough demand for them. These differences vanish when we look at

luxurious cars. On the other hand, in the Czech Republic, Poland and Slovakia,

prices of smaller cars are close to EU average and even above it for the most

luxurious cars. According to the European Commission, these differences have

been steadily declining during the last few years (COM 2011).

2.4.3 Importance of Local Factors

Certain types of goods that are not subject to international competition, for

example non-durable goods, can be expected to have different prices in different

countries. An example could include some dairy products and fresh bakery,

which are very difficult to transport due to short conservation periods. Such

goods may often be produced and consumed only in the home country. As the

price of such goods is determined on domestic markets, the Balassa-Samuelson

effect takes place as these goods are often labour-intensive and thus their price

is determined by wage level. Due to lower wages that are a result of lower

productivity in the open sector, price of these goods is lower in poorer countries,

thus contributing to the lower overall price level.

Furthermore, if we assume that the final price of a good incorporates the

production costs as well as transportation and retail costs necessary for trans-

portation to the consumer, lower wage level in poorer countries makes these

transportation and retail costs lower and thus makes the total price lower in

contrast to a richer country with higher wage level.

Another factor that has been often mentioned as preventing equalization

of price levels is national tax system. There are significant differences among

European countries, particularly with respect to value added tax (VAT) and

other indirect taxes. Figure 2.7 shows the rates for individual countries. The

rates seem more equalized among the old-EU members which could be seen

as a success of tax harmonization connected to EU integration. However, as

the figure shows, countries often introduce reduced and super-reduced rates at



2. Theoretical Framework 17

different levels and which may also cover varying categories of goods, making

the differences more pronounced.

Figure 2.7: Differences in the rates of VAT for individual countries of
the EU. Data source: COM (2013, p. 2).

2.5 External Factors and Economic Structures

Other miscellaneous factors have been suggested that could influence price level

differences among individual countries. Oil prices and their changes may affect

countries differently due to their various positions in business cycle and due to

the fact that east countries are often more oil intensive. Therefore, any change

in oil prices would have a far more significant impact on these economies than

the old-EU ones. In addition, there is a direct link to the CPI which depends

on the share of oil-intensive products.

Prices of tradable goods can also differ across countries if the exchange-rate-

pass-through is incomplete. There is an asymmetry between the euro area and

the transition economies in how much the exchange rate pass though matters

to them. For Euro area countries the effect is much lower, unless the countries

with their national currencies have a currency board arrangement vis-à-vis the

euro, like Bulgaria and Lithuania. Another reason for different responses may

be the type of the exchange rate regime.

Generally, the magnitude of exchange rate pass through in individual coun-

tries depends on many factors. The first one is the process of how prices of

goods are determined. If they are determined domestically, then changes in

the exchange ratel have no impact on them (zero pass-through). On the other

hand, if the price of an imported good is set in the currency of the exporting

country, then all the change in the exchange rate would be reflected in the

price (complete pass-through to import prices). In reality, the magnitude lies
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somewhere in between these two extremes. Consumer prices could also be af-

fected via changes in producer prices. While the pass-through is usually higher

for transition markets as compared to established markets, there is a trend of

decline which helps equalize the effects.

Lein et al. (2008) suggest that openness has an impact on prices as well.

On the one hand, higher openness may generate higher prices in that prices of

tradable goods catch up with the world price level. In addition, it may lead to a

gradual shift to higher-quality goods which again has an upward effect on prices

as long as the quality changes are not entirely adjusted for. On the other hand,

as has already been suggested in section on the BSE, higher openness leads

to increased competition which in turn puts pressure on firms to lower their

mark-up. For other reasons tha have been suggested see for example Chen

et al. (2009). While these effects may be important, there is another factor

which diminishes their practical impact. It has been proved (see for example

Lee et al. 2004) that there is a significant and strong correlation between GDP

per capita growth and openness. If this is true, than a large part of the effect

of openness shows via GDP per capita and related variables.

The last reason for different price levels listed by Egert is business cycle

synchronization since output gap is viewed as important determinant of infla-

tion, even though the strength has been often disputed. If the link exists, then

the question of business cycle synchronization is important for equalization of

inflation rates. When the transition countries are compared to the old-EU ones,

a significant amount of heterogeneity has been found (Égert 2007, p. 38).

In addition, Holub & Čihák (2003) derive a formal model which incorporates

tradable and non-tradable capital as well as the risk premium into the baseline

model. From the derived model it follows directly that an increase in the non-

tradable capital results in higher non-tradable prices. The authors also show

that an increase in the world interest rate and/or the risk premium (which

jointly determine the equilibrium interest rate in the home country) reduces the

tradable capital stock in both sectors. Since its impact on labour productivity

is more pronounced in the tradable sector, the marginal product decreases in

tradable sector more than in the non-tradable one. This implies reduced unit

labour costs as wages are determined in the tradable sector, and thus lower

relative price of nontradable goods and the overall price level. In addition, the

authors argue that an increase in the non-tradable employment also leads to

an increase in the overall price level.
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In conclusion, this chapter has shown that there has been a shift in the

NMS’ levels towards the levels of EU15 with respect to GDP per capita and price

levels. This has been accompanied by higher inflation rates at the earlier stages

of transition (although in recent years the levels dropped to almost old-EU-like

levels for many of the countries in focus) and real exchange rate appreciation.

An overview of the factors that have been put forward as potentially having

an impact on price levels was provided. In addition, differences in dynamic

development of these factors may then result in changes of real exchange rates

and inflation among countries.

This observed catching-up process may constitute an equilibrium pheno-

menon, but it may also lead to a possible loss of competitiveness and other

deleterious effects on a country’s economic performance. Therefore, a thorough

empirical analysis is called for to determine what factors drive the catching-up

process for evaluation of the consequences. The following chapter thus provides

a review of literature on the ambiguous relationship among price levels, infla-

tion and real exchange rates on one side, and all the possible factors behind

their development as discussed so far on the other one.



Chapter 3

Literature Overview

The previous section provided an overview of the theoretical reasons for dif-

ferent developments of prices in individual countries and, in effect, possible

sources of convergence or divergence. In this chapter, a review of previous em-

pirical studies is presented together with some methodological issues. As the

available literature is quite wide in scope, this chapter examines various groups

of explanatory variables separately. In addition, while all three dependent vari-

ables (price, inflation and real exchange rate) are ultimately linked, there may

be some methodological differences, and thus each is examined separately as

well. The overview is by no means exhaustive, but it attempts to summarize

the most important approaches and findings up-to-date.

3.1 Independent Variables

3.1.1 The Balassa-Samuelson Effect

Although there is a broad consensus on the importance of the Balassa-Samuelson

effect (BSE), its relative strength has diminished significantly during the last

years. In the 1990s, the BSE was acknowledged as possibly the most impor-

tant factor influencing price and inflation developments, but more recent stud-

ies claim that the actual impact has been much lower, between zero and two

percentage points in central and eastern European countries (see for example

Mihaljek & Klau (2008) or Flek et al. (2003) for the case of the Czech republic)

as other factors started to be taken into account in the analyses.

A key paper by Égert et al. (2003) examines several Central and East Euro-

pean countries and the presence and strength of the Balassa-Samuelson effect

in each of them. The authors focus on the period 1995 to 2000, as in the early
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years of transition price developments are more likely to have been influenced

by institutional reforms rather than the BSE. They confirm that an increase

in productivity in the tradable sector causes non-tradable inflation. However,

this rise is not automatically reflected in overall inflation, as the impact de-

pends significantly on the composition of consumer basket, like the weight of

non-tradable goods in the basket. This can be confirmed intuitively - if the

weight of NT goods in the consumption basket is low, then any changes in

their inflation will not have a very high impact on the overall inflation as the

development in the tradable goods prevails.

The authors focus on nine transition countries, namely Croatia, Czech Re-

public, Estonia, Hungary, Latvia, Lithuania, Poland, Slovakia, and Slovenia.

There is no consensus on the exact definition of tradable and non-tradable sec-

tors. The traded sector is often approximated by industry, which sometimes

includes also sectors that are traded very little, such as electricity or water

supply. The non-traded sector is often defined as the residual (ie. GDP minus

industry), but in several papers it is completely ignored, implying that a zero

growth rate in this sector is assumed. Because agricultural sector often shares

features of both tradable sector (as exports are quite high) and non-tradable

sector (as prices are not determined at the world market), the authors use two

measures of the non-tradable sector to determine how much effect the respective

definitions have on the results. In the first measure, agriculture and industry

sectors constitute the tradable sector, while the rest is considered non-tradable.

In the second one, agriculture is dropped completely so that industry is the only

tradable sector, and the rest of the economy is considered non-tradable.

Due to the use of quarterly data and the relatively short time span, time

series techniques may be difficult to apply. Therefore, the authors decided to

employ panel techniques, namely panel unit root and panel cointegration tests.

The first estimation is based on using relative prices (derived from sectoral

GDP deflators) as the dependent variable. The results show that the size of

the estimated coefficient depends heavily on whether or not agriculture is in-

cluded in the open sector. When agriculture is included in the open sector,

the coefficient of 1.00 suggests that an increase in productivity leads to an

equal increase in the relative price of non-tradables. When agriculture is not

included, the estimated coefficient is lower - only 0.73, which indicates that

the increase in productivity exceeds the increase in relative prices. One of the

possible explanations for this difference could be that on average, productivity

gains in industry far outpace those in agriculture. When other measures of
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relative prices are used, the relationship is more difficult to detect and is also

less robust.

Since there has been many different approaches used to estimate the BSE, a

paper by Mihaljek & Klau (2004) provides a good summary. The authors also

comment on common shortcomings in many of them. The authors state that

most of the [previous] studies do not test the extent to which pro-

ductivity differentials explain the differences in inflation between

accession countries and the euro area [but instead] they test a re-

lated ‘domestic’ version of this hypothesis developed by Baumol

and Bowen (1966), according to which service prices grow faster

than manufactured goods prices due to faster productivity growth

in manufacturing industries.(p. 64)

In other words, the studies fail to take into account the productivity dif-

ference vis-à-vis the rest of the European union and often also productivity

growth in the non-tradable sector. Such studies then estimate a version of the

following equation:

4pnt
pt

= 4pnt −4pt =
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δ

γ

)
4 at −4ant

Where the change in relative prices of tradable and non-tradable goods

depends on the difference between productivity in the two sectors. Of course, it

can be more useful to examine this relationship in some frameworks as opposed

to the other one. The authors argue, however, that for explanation of inflation

differentials as as a result of the catch-up process, foreign country and their

productivity levels need to be considered as well. Mihaljek & Klau (2004),

therefore, suggest that to estimate the BSE, the following equation needs to be

estimated:
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(3.1)

where ∗ denotes foreign country, and γ and δ are factor intensities used in

the theoretical part. Based on this approach, the authors find that productivity

differentials account for only 0.2 to 2.0 percentage points in annual inflation
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differentials, which is considerably less than what has been observed in reality

and, therefore, that the BSE fails to account for most of the observed inflation

differential among countries.

In their study, the authors focus on six accession countries (Croatia, Czech

Republic, Hungary, Poland, Slovakia and Slovenia). The data used cover a

longer period of time than the previous one, allowing for country equations

and country estimates rather than just a pooled one. The authors try to pro-

vide better estimates by defining the individual sectors in a larger detail. The

traded sector thus includes not only manufacturing, but also mining, trans-

portation and tourism, while the non-traded sector consists of energy, construc-

tion, wholesale and retail trade, real estate and business services, education,

health and personal services.

In addition, unlike many of the previous studies, the authors do not assume

that the share of non-traded goods is the same across countries. Instead, they

calculate country-specific shares to use for the estimation. However, like other

articles, it is assumed that factor intensities are equal among countries, so that

γ = δ. This assumption, together with the idea that productivity growth in

domestic and foreign non-tradable sector are the same significantly simplifies

the equation to be estimated.

The estimates provided by this empirical approach are smaller than in pre-

vious studies. This implies that productivity differences and, in effect, the

catching-up process is responsible for a smaller fraction of the inflation differ-

ences observed across Europe. This suggests that the BSE need not be the

determining factor in the ability of the NMS to fulfill the Maastricht criteria on

inflation.

In their follow-up work (Mihaljek & Klau 2008), the authors confirm their

previous results that the BSE explains a relatively small part of the observed

inflation and inflation differentials vis-a-vis the euro area, only about 1.2 per-

centage points. Therefore, the BSE effects presents no threat to the fulfillment

of the Maastricht inflation criteion for central and eastern European countries.

The methodology of Mihaljek & Klau is, however, only one of the possible

approaches. In table 3.1, we show a few select papers on the size of the Balassa-

Samuelson effect effect. The selection is by no means exhaustive, and is only

meant to illustrate the width of approaches different authors chose to apply.

It is likely that a large part of the differences in estimated results is due to

these distinct methodologies. However, we can see that the estimated effect of

the BSE ranges from 0.15 to 4.4 and seems to be decreasing in the more recent
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studies. Also, a study focused on one country alone (Romania in our table),

which can be expected to provide quite precise results, although not directly

applicable to other countries, confirms the decrease in estimated strength of

the BSE. Furthermore, Égert (2011) (not included in the table) finds the BSE

insignificant in most of his models specifications, while other variables are found

to be key in determining prices.1

With the trend of decreasing importance of the BSE, several studies tried

to determine the reason why it may be so. They often do this by verifying the

assumptions behind the BSE. If the assumptions do not hold, then it would

be obvious why the BSE effect does not account for as significant a part of

the development in prices as predicted by the theory. Therefore, authors verify

whether relative wages tend to equalize between non-tradable and tradable sec-

tor, whether productivity has been rising faster in the traded sector as opposed

to the non-traded sector, and whether the evolution of the relative prices of

traded and non-traded goods corresponds to the theoretical predictions.

Halpern & Wyplosz (2001) report that the first assumption is verified in

the most developed of the transition countries. Despite minor differences in

individual countries, therefore, the first assumption is mostly confirmed by

research. In addition, the third assumption on relative prices also seems to

be supported by data. As for the second assumption, the authors report that

after some irregularities during the early years of transition, productivity in

the traded sector has been increasing much faster than productivity in the

non-traded sector. This can be seen in figure 3.1. The figure clearly shows the

increasing trend, which supports the theoretical prediction that productivity

in tradable sector increases faster than productivity in the non-tradable sector.

A further examination of the BSE mechanism focuses not on the assumptions

themselves, but rather whether the transmission mechanisms work the way they

are supposed to in theory. Thus, the authors test whether labour productivity

is driven by supply-side factors and whether wages in both sectors are related

to productivity. Both these mechanisms are verified by the data, although

differences were found among countries and in time.

A slightly different approach was adopted by Garćıa-Solanes et al. (2008)

who use a two-phase examination to detect whether the transmission mecha-

nisms work. In the first phase the authors test whether productivity develop-

ments are correlated with relative prices. The results show that this relationship

is strongly supported by the data both for the old-EU countries and the NMS.

1More details on his study in section 3.1.4.
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Figure 3.1: Relative increase in productivity of tradables vs non-
tradables in several transition countries. Source: Halpern
& Wyplosz (2001, p. 10)

However, the second phase which relates inter-country productivities with real

exchange rate (RER) developments does not hold for either of the two groups

of countries. The authors conclude that the reason is the failure of purchasing

power parity.

PPP is one of the most important assumptions behind the BSE and one that

has been disputed most often. As has already been discussed in the theoretical

section, there are many reasons why it may not hold, and a wide array of liter-

ature exists trying to test empirically whether(and under which circumstances)

PPP holds or not. Among the first to dispute the law of one price (LOOP) (a

concept behind the PPP) was Isard (1977). For further details on these issues

with connection to the BSE see for example MacDonald & Wójcik (2004) who

argue that despite these issues, it is still useful to examine the BSE.

As has been already mentioned, the relative strength of the BSE may have

significant implications to whether countries should join the EMU sooner rather

than later. Those authors who find the BSE to be the main driving force behind

the price and inflation differentials among countries are more likely to propose

quick EMU entry as they believe these observed differences benign. On the

other hand, the authors who find the BSE as explaining a very small part of the

observed differences in prices and inflation are more likely to object to a speedy

EMU entry. In their view, the observed differences may injure the catching-up

economies as they cause loss of competitiveness.
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3.1.2 Demand-side Variables

With the decreasing attention paid to the BSE, more and more authors shifted

their focus to other possible sources of country differences. Demand offered a

natural area where to look for them. Demand-side effects appear in some form

in almost all recent empirical analyses. The most straightforward variable to

approximate demand is GDP per capita. While this may capture most of the

overall demand effect and the data is very easy to find, some articles express

concerns about possible correlation between GDP per capita and some of the

other right-hand-side variables (see for example Andersson et al. (2009)). This

is why other variables are often preferred, such as the share of NT consumption

in total private consumption or private consumption as proportion of GDP.

MacDonald & Wójcik (2004) focus in their article on four 2004-accession

countries. They try to determine the relative importance of supply and demand-

side variables on two dependent variables: the internal price ratio2 and index

of the CPI-based effective real exchange rate. The supply-side effect is defined

as the BSE, which is approximated by the difference between labor productivity

in the tradable and non-tradable sectors. The demand-side variables used are

consumption as a proportion of GDP, private consumption as a proportion of

GDP and total consumption as a proportion of GDP. The authors also include

regulated prices as explanatory variables. The results confirm a small but sig-

nificant effect of the demand-side variables on the internal price ratio. The sign

of the effect, however, is negative, which goes against expectations as it sug-

gests that an increase in consumption leads to lower price level. The authors

suggest that the reason is that in the examined countries, tradable goods are

likely to be taken as luxury goods rather than services, which is the common

assumption behind the theoretical expectations. In addition, the effect of the

demand variables on real exchange rate is found to be insignificant. As for the

independent variables related to regulated prices, the authors find a strong pos-

itive relationship for both internal price ratio and the CPI-based real exchange

rate. The authors also stress that once the regulated price term is introduced

into the equation, the significance of the BSE term vanishes.

In their article, Coricelli & Jazbec (2004) use two variables to approximate

demand-side effects: share of non-tradable consumption in total private con-

sumption and real government consumption measured in percent of GDP. The

former measures the shift from non-tradable to tradable consumption. This

2the price index of non-tradables relative to the price index of tradables
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variable is likely to have a significant impact on relative prices, particularly for

countries in transition that used to have highly distorted prices. The latter

measure is based on the assumption that government consumption falls mainly

on non-tradable goods. Both variables have the expected (negative) effect on

real exchange rate, which means they both result in real appreciation, and they

are both found to be significant at the 5 % level of significance.

3.1.3 Structural Variables

In the view of the focus of this thesis on the new member states of the EU, it

is also important to take a closer look at the literature dealing with change in

structural variables, mostly demonstrated on transition economies in Europe.

As Coricelli & Jazbec (2004) stress in their article, “transition has brought

about important changes in production and productivity, and these changes

should also influence the equilibrium exchange rate” (p. 83-84). In many of

the NMS, central planning focused mainly on industries and material production

and thus left countries with distorted prices. At the beginning of 1990s, these

countries had to undergo significant political and institutional reforms. From

the economic point of view the most important ones were privatization and

liberalization. These changes did not always occur at once as many policies had

to be figured out on a trial basis and had to often be adjusted and improved.

Therefore, the effect on the economy continued even in the following years.

One aspect of transition is the reduction of the amount of regulated prices

in an economy. MacDonald & Wójcik (2004) analyze the impact of regulated

prices that, as a legacy of the communist regime, consist a much higher share of

the consumer basket in these countries. The authors find that regulated prices

have a highly significant positive effect on the development of the internal

price ratio and the real exchange rate, suggesting that an increase in prices

of regulated goods results in real appreciation. In addition, once regulated

prices are introduced into the estimated equation, the significance of the BSE

vanishes. However, it should be pointed out that the authors only examine

four transition countries, so the results need not apply to all NMS.

Coricelli & Jazbec (2004) use the number of workers employed in tradable

sector divided by the number of workers employed in the non-tradable sectors

as an approximation of structural adjustment. It is expected that as transition

progresses, more and more people become employed in services and thus this

variable should have a positive effect on the relative price of tradables in terms
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of price of non-tradables. This is confirmed by a fixed effects estimation which

finds the variable has a significant and positive impact.

Hammermann & Flanagan (2009) analyze the effect of liberalization index

(capturing the amount of price regulation) on inflation. They argue that the

effect is very strong, in that, holding all else equal, “an improvement of one

point on the price liberalization index reduces inflation by about 12 -13 percent”

(Hammermann & Flanagan 2009, p. 311). In addition, openness also has a

significant effect, about one third of the effect of liberalization. Candelon et al.

(2007) also report a significant and negative effect of openness on real exchange

rate. They argue that the fact that openness leads to real depreciation is due

to the fact that openness results in increased demand for tradables.

While the effects of structural adjustment are undoubtedly important for

the NMS, there has been a wide discussion on how long the effect lasted. Halpern

& Wyplosz (1996) assert that transition effects last as long as the real exchange

rate keeps rising. However, this has been disputed in Coricelli & Jazbec (2004)

who claim that transition is over “once the progress in structural reforms does

not affect the real exchange rate determination relative to other factors” (p.

84). In particular, their empirical findings show that after five years from the

beginning of transition, structural reforms no longer dominate the development

of real exchange rate, and other variables gain prominence. They equate this

with the end of transition.

3.1.4 Other Variables

Many other variables have been suggested over the years as a possible expla-

nation behind the development of prices and exchange rates. Čihák & Holub

(2005), for example, focus on 13 acceding countries (including Turkey) and ex-

amine several variables that could affect price levels. The authors define GDP

per employee, productivity in the non-tradable sector and the share of non-

tradables in the GDP as the main independent variables in explaining the price

level of GDP. Further explanatory variables include share of general government

revenue on GDP, size of agricultural employment in each country and terms of

trade. The authors suggest that if the LOOP fails, as has been shown particu-

larly for short to medium run, price developments may be influenced by terms

of trade of tradable goods. The authors state that less developed countries

have to accept less favorable prices if they want to export higher value added

products. This relationship, however, is thought not to be monotonic, since
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“ underdeveloped economies must undercut their prices, while ‘luxury’ goods

from advanced countries can enjoy a monopolistic premium” (Čihák & Holub

2005, p. 66). Therefore, terms of trade multiplied by GDP per capita are also

included to capture this non-monotonic effect. The estimation method used in

the article is feasible generalized least squares. All the included variables are

shown to be statistically significant with the expected signs. Again, the BSE is

much smaller than what had been suggested in the earlier studies. Both terms

of trade and terms of trade multiplied by GDP per capita are shown to have

a significant impact. Decrease in terms of trade variable (ie. increase in the

share of industrial exports) results in lower price level.

In 2011, Égert (2011) published an article that further undermines the rel-

ative importance of the BSE on the development of inflation. In his study,

he examines 23 European countries between years 1998 and 2007. As the de-

pendent variable, inflation is used, and as the independent variables, a wide

range of variables that may have an effect on inflation is examined. As usual,

the Balassa-Samuelson effect is approximated by the productivity differential

growth, that is the difference of growth in the tradable sector and the non-

tradable sector. For the BSE to work, this variable should be positive and

significant. The author uses a narrow and a wide definition, depending on how

the non-tradable sector is defined. In the narrow definition, the non-traded

sector is taken to cover only market services, while in the wide definition, all

services are used.

There are other variables connected to the real convergence that are used

in the analysis. The first one is the initial price level, which approximates the

price level convergence. The variable is used with a one year lag. A lower

price level in the previous year is expected to result in a higher inflation in the

current year. The author stresses that this should not be seen as evidence for

the BSE, but rather as evidence for price leveling across the whole spectrum

of prices, including goods and market and non-market services. The second

variable used is the productivity growth in the distribution sector. If increase

in productivity in distribution sector exceeds increase in unit labor costs, this

should lower prices in distribution outlets, and thus have a negative impact on

inflation. The third variable is the growth rate of regulated goods prices. The

fourth is the rate of growth of nominal house prices. There are also variables

that try to capture changes in the quality of goods (such as the change in the

share of foodstuff in HICP).

The second group of independent variables covers external factors, such
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as changes in the nominal effective exchange rate multiplied by openness, the

growth rate of food prices and the growth rate of oil prices. Three dependent

variables are connected to monetary policy. The stance of the monetary policy

on inflation is used as the difference between the observed short-term interest

rate and the rate implied by an estimated monetary policy reaction function.

The idea behind using this variable is that restrictive monetary policy should

decrease inflation while loose monetary policy should result in higher inflation

rates. A few miscellaneous variables are used as well, such as the position

of a country in the cycle (measured as the output gap), lagged inflation (to

account for inflation persistence) and dummy variables for euro area countries

and inflation targeting countries.

In the first part of the analysis, the author estimates the equation using the

least square dummy variable (LSDV) estimator. He also uses correction methods

to eliminate possible sources of bias. The results show that the B-S effect is

negative and not significant. This result is robust to several versions of the

model as well as the correction methods. Results for the other variables reveal

that the initial price level is negatively correlated with inflation rates implying

that lower price levels are accompanied by higher inflation rates. There is

also a strong positive correlation between inflation and regulated prices. The

lagged inflation variables is also significant in the model, as is the position in

the cycle. The dummy variables suggest that being a member of the euro area

and targeting inflation results in lower inflation. Bayesian model averaging as

well as several non-linear specifications of the original model are used. None of

these make any significant changes to the results.

Garćıa-Solanes et al. (2008) focus on the effect of improvements in qual-

ity of domestic tradable goods and terms of trade on the real exchange rate of

tradable goods. As has been suggested in the theoretical part, quality improve-

ments result in real appreciation if they are not fully accounted for in the price.

As a result, terms of trade increase due to an increase in demand for domestic

tradable goods. This effect proves significant, and the authors conclude that

“quality and the demand strength for domestic tradables may be as important

as the productivity differential in explaining the remarkable appreciation of

the RERs of the CEE countries during the last 10 years” (Garćıa-Solanes et al.

2008, p. 29). In other words, when talking about the open sector, it is impor-

tant to take into account the increased quality of goods which raises demand for

domestically-produced tradable goods, and ultimately impacts terms-of-trade.

These results hold for the new member states only, though. For the old-EU
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countries, the relative strength of all the independent variables considered dif-

fers significantly, and other variables are key in determining the real exchange

rate.

3.2 Dependent Variables

3.2.1 Inflation

In the early years of transition, inflation developed in a unique way in the post-

socialist NMS, a way very different from that of the old-EU countries. Due to

liberalization of prices, these countries experienced a period of high inflation

rates. Then, after a brief period of moderate inflation rates, in spring of 1999,

several countries experienced again increased inflation rates. This is thought

to be a result of a combination of negative supply shocks and positive demand

shock. From around mid-2001, the final period of disinflation began, during

which inflation rates in many of the transition countries came to resemble those

of the EU15 (Backé et al. 2003). In addition to this general pattern found in all

transition countries, for certain periods inflation was determined by country-

specific policies, such as a reform in indirect taxes or adoption of a stabilization

package. When analyzing the relative importance of various possible driving

forces of inflation in the 10 Central and Eastern-European countries during their

transition, Backé et al. (2003) conclude that completion of price deregulation

had an impact on inflation rates, but the most prominent factor was found to

be the BSE. In other words, even during the early years of transition (up to

2001), the catching-up process was the driving force behind price adjustments.

These results, however, are in direct contrast of conclusions of Égert et al.

(2003) who find that only a small fraction of the overall inflation (examining

CEE countries between years 1995 and 2000) is attributable to productivity

increases (ie. the BSE). The authors explain this finding by the fact that

the share of non-tradable goods in the basket is crucial to the overall effect.

Since the share is much lower in the examined countries than in the EU15, it

is not surprising that this effect appears less prominent. The same conclusion,

although from a different perspective, is confirmed by Podkaminer (2010) who

finds that there is little connection between high inflation and fast convergence

(which in itself means largely productivity increases).

The most striking feature of the analyses on determinants of inflation for

highly developed countries is that there is a significant inflation persistence
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present (see for example Jaumotte & Morsy (2012) and Andersson et al. (2009)).

Andersson et al. (2009) who focus on EMU countries assert that these differen-

tials are related to administered prices and, to a lesser extent, product market

regulation. In particular, they find that an increase in product market regu-

lations in a country relative to the euro area, ceteris paribus, leads to higher

inflation relative to the euro area average. In connection to this, the initial

price level has oftentimes been found to determine a large part of inflation dif-

ferentials across countries (see for example Backé et al. 2003 or Égert 2011).

This conclusion seems to hold only for the NMS, though, as supported by Jau-

motte & Morsy (2012), who find no effect of initial price level on inflation for

10 of the old-EU countries.

Another variable that figures prominently in the estimations is output gap.

Both Jaumotte & Morsy (2012) and Andersson et al. (2009) find a positive

impact of national output gap on inflation, so that inflation increases with

higher output gap. On the other hand, higher nominal exchange rate decreases

inflation, as intuitions suggests.

A slightly different approach to inflation can be found for example in Ham-

mermann & Flanagan (2009) who focus more on monetary policy and the

decision process of the central bank. In particular, they use the EBRD’s index

of enterprise restructuring, and the share of agriculture in GDP to capture the

shift in CB’s policy attempting to promote shift of labour from state companies

by ensuring significant credit growth to the economy via a loose monetary pol-

icy. As other studies, the authors capture the BSE as the difference in labour

productivity, but they interact this term with exchange rate regime. They also

use a dummy for the presence of a flat income tax, and a set of variables con-

nected to sustainability and developments in the financial markets (eg. as an

indicator of fiscal sustainability, government debt divided by GDP is used).

The fixed effects panel estimation suggests that “a central bank’s incen-

tive towards higher short-run inflation is a key reason for observed outcomes.

Countries that have not gone as far in liberalizing their internal markets, and

countries that have not opened up as much externally tend to have higher infla-

tion” (Hammermann & Flanagan 2009, p. 310).In addition, adding an index for

political stability increases the explanatory power of the model significantly. In

this framework, the BSE is not significant for explaining the inflation differen-

tials. It should be pointed out, however, that the authors focus on 19 transition

countries, including Russia, Ukraine, Belarus and Moldova. It is possible that

developments in these countries cannot be directly compared to the NMS, as
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these states significantly increased their ties to west European countries. In

addition, EU accession made the NMS far more homogeneous with respect to

many of the variables the authors considered, and thus the conclusion of this

study need to be taken with caution.

3.2.2 Price Level

As has already been mentioned in the theoretical chapter, the main determi-

nant of price levels was found to be GDP per capita (Kravis & Lipsey 1982).

Andersson et al. (2009) also show that GDP per capita and relative price levels

are cointegrated in all examined countries and causality tests reveal the direc-

tion of causality running from output to prices. In addition, they stress that

“the implications for the long run price level is only an equilibrium phenomenon

if the developments in GDP per capita are sustainable” (Andersson et al. 2009,

p. 16). This empirical relationship has also been confirmed by other authors.

Čihák & Holub (2005), for example, claim that GDP per capita accounts for 90

percent of the cross-country variability in price levels.

While the observed relationship between GDP and prices is important, it

does not tell us much about the sources, as GDP per capita is a result of in-

teraction of many other variables. Therefore, most studies proceed to testing

the relationship between price levels and other variables suggested in the the-

oretical part. As has already been mentioned, Čihák & Holub (2005) find that

terms of trade and government size are significant determinants of relative price

levels.

Lein et al. (2008) focus on how do productivity growth and openness affect

relative prices in the NMS. They use a VAR model for each country separately.

Each VAR model contains the three main variables, that is relative prices pt
pEU
t

,

productivity growth and openness. Apart from these, the authors also control

for oil prices, EU inflation, the rate of depreciation of the nominal exchange

rate, the rate of growth of real wages, the output gap and the money market

interest rate. Their results confirm positive effects of productivity increases

and negative effects of openness on prices, although there were quite significant

country differences regarding the relative strength of these effects.

Faber & Stokman (2009) focus not so much on the determinants of (relative)

price levels, but more directly on what drives convergence of price levels across

the EU. In their study, the authors examine EU15 countries from 1960 onwards.

They find that there has been a significant decrease in price dispersion among
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these countries. In particular, three time periods can be distinguished: 1960-

1973, which was a period of fast decline in price dispersion, 1974-1987 which

was a period of stagnation, and 1988-2003 during which price level convergence

increased again. In effect, during the last 50 years, the price dispersion among

the examined countries halved. This has been largely due to indirect tax har-

monization, convergence of non-tradable and tradable input costs (in the form

of real-exchange rate stability and increased openness). Rogers (2007) shows

that the price convergence is mainly due to convergence of tradable goods and

adds increased coherence of monetary policy as one of the determinants of con-

vergence. Both studies report, however, that compared to the USA, price levels

are still quite wide apart, even though price dispersion in the USA has been

relatively stable during these years.

3.2.3 Real Exchange Rate

As many of the NMS experienced a significant appreciation of their respective

currencies, many studies focus not only on what drives this appreciation, but

also whether this constitutes an equilibrium development. A wide survey of

such equilibrium studies can be found in Égert (2004).

Coricelli & Jazbec (2004) present a theoretical model of pricing under cen-

tral planning, which shows that once transition started (and the accompanying

structural reforms took place), real exchange rate was bound to appreciate.

They show that central planner’s preference for tradable production over non-

tradable one leads to a higher employment in tradable sector and, more impor-

tantly, to undervaluation of domestic currency.

Garćıa-Solanes et al. (2008) in their article try to assess the relative influence

of the BSE and other factors on the appreciating trend of the real exchange rate

in central European countries to find whether these appreciations constitute

an equilibrium result. Using an accounting framework, the authors distinguish

two factors that could affect the tradable-based real exchange rate: changes

in terms-of-trade (mainly as a result of quality improvements causing increase

in demand for domestic tradables), and market segmentation (as a result of

which, the same traded goods - those produced at home and/or those produced

abroad - achieve higher prices in home market than in foreign market). The

first factor results in appreciating trend on the RER, while the second adds to

the variations.

Since it is obvious that there have been significant quality improvements of
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goods in the NMS, the main question is whether the authorities have been suc-

cessful in accounting for them fully in the price. The authors use two variables

as proxies for these quality improvements: GDP per capita increase and the

evolution of the terms-of-trade. Both variables turn out to be statistically sig-

nificant. The authors conclude that the RER follows and upwards trend which

is caused mostly by the continuous improvements in quality of goods and an

increasing demand for domestic tradable goods. Therefore, RER appreciation

can be seen as an equilibrium phenomenon. Based on this, the authors con-

clude that the appreciation will eventually lose strength as the gap between

the NMS and the EU15 countries declines.

Lommatzsch & Tober (2004) also focus on determinants of real exchange

rate other than the BSE. They do this by using the PPI-based real exchange

rate as the dependent variable, as this measure does not entail prices in the

service sector. The main finding is that productivity increases in the tradable

sector are the main driving force. This does not necessarily lead to loss of

competitiveness and resulting current account deficit for two reasons. First,

quality adjustments may be insufficient. Second, productivity increases result

in real appreciation as the capacity to generate higher export revenues increases.

Halpern & Wyplosz (2001) show how the BSE has determined the develop-

ment during the transition, and how it can be expected to do so also in the

following years. In line with the previous conclusions, later articles suggest

smaller BSE and increasing role of other factors, such as price deregulation and

quality changes. Coricelli & Jazbec (2004), as has been mentioned, assert that

in the first 5 years of transition, RER was mostly determined by structural

reforms, while in the later years, the demand factors seem to play the most

prominent role. This is also confirmed by MacDonald & Wójcik (2004).

Fischer (2004) shows that investment demand also influences real exchange

rate (measured as relative prices). The author focuses on transition countries

to estimate the impact of this extended BSE on CPI-based real exchange rate.

His results suggest that about 50 percent of the changes in the real exchange

rate can be ascribed to productivity, 25 % to consumption and 25 % to the

real interest differential. The author stresses that the indicated impact of pro-

ductivity also includes the investment demand effect, which lowers the relative

importance of the BSE.

In conclusion, the chapter provided an overview of the existing empirical
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literature and some key methodological issues. The evidence shows that the

relative strength of the BSE has been decreasing, although it still remains a

significant determinant of price developments of the NMS and old-EU coun-

tries. Demand variables, such as GDP per capita or private consumption, and

structural variables, such as regulated prices and NT employment, also explain

a large part of the observed differences in particular with regard to transition

economies. In addition, there is evidence that their effect may have been differ-

ent during the fist years of transition and later on. The next chapter, therefore,

examines these variables and looks at further possible differences in connection

to the recent crisis.



Chapter 4

Empirical Part

The previous two chapters provided an overview of the results and various

approaches found in the existing literature, and theoretical reasons why certain

variables could potentially influence prices in a country. In this chapter, an

empirical analysis is carried out to determine the relative strength of individual

variables in different time periods. For this, real exchange rate is used as

the dependent variable. As Égert states, “if the variables [used to calculate

real exchange rate] are expressed in indices, the real exchange rate shows the

relative shift which has occurred between the foreign and domestic price levels

over a given lapse of time” (Égert 2004, p. 8.). In that sense, we examine

dynamic effects of individual variables on shifts in relative price levels between

home country and benchmark countries. The chapter is organized as follows.

The first section discusses the sources of data and methodology. In addition,

it describes individual variables used in the estimates and outlines research

questions. The following two sections then present the empirical results, and

the last section proceeds to discussion and draws some conclusions.

Before we move to the main part, however, it might be useful to first take

a look at the different development of the CPI and PPI-based real exchange

rates in the NMS. As calculation of producer prices usually excludes prices in

the service sector, it should not encompass the BSE. Therefore, appreciation

of PPI-based RER should not be driven by the productivity differential, and

could, potentially, be harmful to a country’s competitiveness. Figure 4.1 shows

CPI and PPI-based1 real exchange rate developments for several NMS. The data

is taken relative to the Euro area. We can see that for all but one country

the PPI-based RER has been appreciating alongside the CPI-based one. This

1For the calculation of the PPI-based real exchange rate, domestic prices in industry are
used.
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Figure 4.1: CPI and PPI-based real exchange rates. Data Source: Eu-
rostat.

supports the idea that there are other factors behind the real exchange rate

development apart from the BSE. The rest of this chapter thus tries to find

what these factors are with a particular focus on real variables.

4.1 Data and Methodology

4.1.1 Data and Choice of Variables

The data used was mostly downloaded from Eurostat New Cronos database and

cover the period between 1996 and 2011. However, the panel is unbalanced as

for several variables data is unavailable for the initial years. The period before

1996 is excluded completely, as there is no source of comparable national data.

While this may underestimate the strength of several structural variables, it

also avoids the increased volatility of the first few years after the transformation

started. As has been mentioned, the variables are selected in such a way as to

capture the particular development of the economies in focus. Since most of

them are transition countries, several structural variables are also included. All

selected variables are used relative to the Euro area (17 countries) to provide a

benchmark. Also, since for real exchange rate development the relative changes

in variables rather than absolute values are important, all variables are re-

calculated and set to 100 in the first year for each country. Based on the

previous literature, the following variables are used in the estimations:

� Real exchange rate This variable is defined as e P
P ∗ where e is nominal
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exchange rate (downloaded as an index constructed in such a way that

an increase means appreciation) and P, P ∗ denote home and foreign price

level, respectively. Overall, real exchange rate increases (ie. appreciates)

as a result of nominal appreciation, or as a result of an increase in do-

mestic price level relative to the foreign one. As has been mentioned,

all variables are taken relative to Euro area (EA17), so the foreign price

level is price level in the Euro area. For price levels, two indices are used:

HICP index and HICP at constant tax rates. Based on these, we obtain

two dependent variables rer 1 and rer 2. The second dependent variable

(together with excluded tax level variable on the right hand side) is used

to check robustness of the results.

� Productivity differential This variable is solely represented by labour

productivity differential between T and NT sectors (prod dif), and it

measures the extent of the BSE on real exchange rate. While total factor

productivity should be used in an ideal case, this is not possible due to

data unavailability. The variable is constructed as αT

αNT
, where α is calcu-

lated as gross value added in the relevant sectors divided by employment

(in hours worked) in the same sectors. Further details on sectors and

the weights used can be found in Appendix A. The expected effect of

this variable on the real exchange rate is positive as predicted by the

BSE. When productivity in the tradable sector increases faster than in

the non-tradable one, the relative price level increases. As all variables

are defined relative to the Euro area, if this increase in the home country

is faster than increase in the foreign ones, RER appreciates to reflect this.

� Demand variables One variable is used to approximate demand - share

of non-tradable consumption in total private consumption (nt cons) which

measures the shift in consumption from tradable to non-tradable goods

and services. This variable is likely to have a significant impact on relative

prices in a country, and its expected impact on the dependent variable is

positive. While per capita GDP (gdp, measured in PPS) is often used as

an overall measure of private consumption, it might be correlated with

other variables. It is thus used only in some specifications for comparison.

� Structural variables To account for the structural changes accompany-

ing transition in most of the countries we focus on, we include the share

of employment in the non-tradable sector (measured in hours worked) on
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overall employment (nt ees). The expected sign of this variable is am-

biguous as there seem to be opposite views in the literature. While Holub

& Čihák (2003) propose a positive relationship between prices and share

of NT employment, based on Coricelli & Jazbec (2004) the expected sign

would be negative.2 The sign then depends on which of the two lines

of reasoning prevails in our data. Two other variables used in the base-

line model to capture the effects of government control over prices are

the share of administered prices in HICP (admin w) and implicit taxes

on consumption (tax). The expected effect of these variables is negative

and positive, respectively. If the share of administered prices decreases,

that is if some prices become deregulated, they are likely to keep increas-

ing until they reach their market level, which leads to real appreciation.

Tax, on the other hand, has a positive impact as it effectively increases

costs and prices. In addition, variable gov, capturing total expenditure

of government relative to GDP, is used in some specifications. Due to

its possible correlation with other structural variables (for example non-

tradable consumption as it has been suggested that a large part of gov-

ernment consumption falls on non-tradables), however, it is not used in

the baseline model.

� Miscellaneous variables Oil price multiplied by energy intensity of a

country (oil) is included to account for outside effects in the world eco-

nomic development. Since all examined countries have higher energy in-

tensity than the EA17 average, the effect has the same direction for all of

them, and the expected sign is positive. We also use the share of exports

of SITC groups 6-8 on total exports of each country (trade) to capture

changing structure of trade. The expected effect is positive. Čihák &

Holub (2005) find a negative effect of this variable on relative price level

for low-GDP countries.3 This suggests that the examined countries pro-

duce goods of lower quality than the benchmark countries. Therefore, if

we assume that an increase in the share of manufactured goods in overall

exports reflects increased quality of goods, the expected dynamic effect

on real exchange rate is positive. If these quality increases are not fully

adjusted for (which is more likely in transformation economies due to

2For more details see the previous chapters.
3Overall, the effect is non-monotonic - negative for low-GDP countries and positive for

high-GDP ones.
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rapid changes) then these quality increases lead to real appreciation. In

addition, a dummy for Euro area membership is used (d euro).

The total number of observations is 192 (12 countries, 16 years). However,

due to missing data, it often shrinks to 100 or less observations. Productivity

data is unavailable for Malta4, and only available since 2008 for Romania, since

2004 for Poland, since 2000 for the Baltic countries and Slovenia and since 1997

for Slovakia. Data on manufacturing are not available for Bulgaria at all, so

in this case, tradable sector is only defined as industry (without construction).

Several other variables also start later than 1996. While it may sometimes be

possible to find the missing data in other sources (eg. OECD), the addition

would not be large and the consistency of such additions could be doubted.

Therefore, it seems preferable to keep the consistency of data in exchange for

a more limited scope.

4.1.2 Model and Methodology

The basic model for estimation is, therefore:

rerit = α + β1(prod dif)it + β2(nt cons)it + β3(nt ees)it +

+ β4(admin weight)it + β5(tax)it + β6(trade)it

+ β7(oil)t + β8(d euro)it + εit

(4.1)

In the existing literature, there are many different approaches to the ana-

lysis ranging from OLS, GLS to panel cointegration techniques and tests of

causality. We first estimate pooled ordinary least squares (OLS) regression and

check whether it fulfills the assumptions. We also add additional variables and

check various specifications. Moreover, feasible generalized least squares (FGLS)

method is used to see how robust the results are to different methods. The

next step is to apply panel-data techniques (fixed effects (FE) and random ef-

fects (RE) models) to see if a better estimation is achievable. While all the

applied methods may have drawbacks, their relative simplicity makes it eas-

ier to trace the limitations and thus make appropriate conclusions about the

estimates.

4Due to missing data on gross value added (GVA) by sector.
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4.1.3 Research Questions

When running the regression estimations, we focus on answering these ques-

tions:

1. What was the most prominent factor behind the development of real

exchange rates?

2. We define two distinct time periods - 1996 to 2006 and 2007 - 2011.

Based on this distinction, has the relative strenght of individual factors

changed? What were the key ones in each of the time periods considered?

Based on the available literature, we start our research with the following

hypotheses:

1. There has been price level convergence in the new member states of the

EU, but the relative importance of individual factor is different in various

time periods.

2. During the first period (from 1996 to 2006), the BSE was the main driving

force behind real exchange rate development.

3. The financial crisis has had an impact on the strength of individual effects,

so during the second period, coefficients were different from those in the

first period.

4.2 Results

As has been already stated, our data set consists of up to 12 variables. A

summary table with mean, standard deviation and number of observations can

be found in Appendix A in table A.1.

4.2.1 Overall Results

Results of the first set of regressions can be seen in table 4.1. The first column

shows the results of the baseline model. We can see that there are three sig-

nificant variables. prod dif is significant at the 5 % level and has a positive

sign suggesting that an increase in the T productivity relative to the NT pro-

ductivity in the home country relative to the benchmark countries is correlated

with real appreciation. Also, an increase in the export of manufactured goods
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(OLS1) (OLS2) (OLS3) (OLS4) (OLS5) (OLS6)
rer 1 rer 1 rer 1 rer 1 rer 1 rer 2

prod dif 0.360∗∗ 0.382∗∗ 0.398∗∗ 0.388∗∗ 0.354∗∗ 0.078∗∗

(0.071) (0.059) (0.055) (0.053) (0.049) (0.022)

nt cons 0.391 0.453 0.436 0.456 -0.161∗∗

(0.325) (0.291) (0.289) (0.288) (0.071)

tax 0.125 0.178 0.215∗ 0.202∗ 0.134
(0.148) (0.124) (0.115) (0.114) (0.107)

nt ees -1.800∗ -1.935∗∗ -1.878∗∗ -2.227∗∗ -1.811∗∗ 0.370
(1.013) (0.880) (0.875) (0.762) (0.720) (0.369)

trade 0.569∗ 0.574∗∗ 0.601∗∗ 0.613∗∗ 0.749∗∗ 0.572∗∗

(0.314) (0.289) (0.287) (0.286) (0.275) (0.131)

oil 0.025 0.030
(0.040) (0.037)

admin w 0.052
(0.103)

d euro -10.419 -9.781 -7.728
(10.486) (9.844) (9.489)

cons 148.159 150.275∗ 143.090 177.039∗∗ 178.033∗∗ 14.074
(97.689) (89.246) (88.647) (78.111) (78.647) (41.187)

N 100 114 114 114 114 102
adj. R2 33.4 % 38.5 % 38.7 % 38.9 % 38.0 % 24.7 %

H: p-value 0.061 0.009 0.010 0.020 0.160 0.000
N: p-value 0.004 0.048 0.027 0.033 0.033 0.001
R: p-value 0.674 0.822 0.861 0.564 0.115 0.000

Standardized beta coefficients; Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05

Table 4.1: Regression results from pooled OLS regressions. P-values of the
Breusch-Pagan test for heteroscedasticity (H, H0 is constant vari-
ance), Shapiro-Wilk test for normality of residuals (N, H0 is residuals
are normal) and Reset test of correct specification (R, H0 is model
has no omitted variables) are included.
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relative to the benchmark countries is associated with real appreciation. On

the other hand, the share of employment in the NT sector has a significantly

negative coefficient so that real exchange rate tends to depreciate with an in-

crease in NT employment. This suggests that in our data, the effect of Coricelli

& Jazbec (2004) prevails. The number of observations used in this model is

100. This is mostly due to the admin w which limits the number of early obser-

vations used. Because this limited number of early observations may result in

underestimation of some variables that were more prominent in those years and

given the insignificance of admin w, we run a regression without the admin w

variable. The results are in column 2 (regression OLS2). The absolute values

of the coefficients have changed slightly, but otherwise the results remain the

same. This might suggest that by the time our data start, the major effects

(those captured by the included variables) of transformation have subsided.

As in the baseline model many of the included independent variables are

insignificant, we proceed to dropping them one-by-one. The results are shown

in table 4.1 in columns 2 through 5. Regression OLS4 seems best as all but one

variables are significant, and all have a stable sign compared to the previous

regressions. In the last column we check this reduced model by using rer 2 and

excluding tax. We can see that while the prod dif and trade stay significant

and with a positive sign, nt ees becomes insignificant while nt cons becomes

significant with a negative effect. However, null hypotheses of tests of normality

and heteroscedasticity of residuals, and test of omitted variables are all rejected,

suggesting the last regression is not entirely reliable.

These tests are generally better for the regressions in the other columns.

In all cases, the regressions seem specified reasonably well. However, for some

regressions, residuals appear not to be homoscedastic and normally distributed,

suggesting possible inefficiency of the estimates and issues for valid hypothesis

testing. Another OLS assumption, no perfect multicollinearity, is fulfilled for

all models based on variance inflation factor (VIF) test5.

Table A.4 in Appendix A shows several specification regressions. Since the

explanatory power of the baseline right-hand-side variables for gdp and gov is

not too high, only 11 and 27 %, respectively, we also try including these two

variables among the independent variables. The results are in table A.5 in

columns 5 and 6. gov is not significant in the model. For gdp variable, the ex-

planatory power of the regressions increases slightly. However, the correlation

among explanatory variables increases as well and these issues are not dimin-

5Results of this and other specification tests can be found in Appendix A.
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ished by dropping the insignificant variables. Therefore, we do not include

either of the two variables in the following regressions.

The positive and significant effect of the BSE is robust to the use of FGLS.

The results are in the Appendix in table A.7, column 1. However, the effect

of nt ees and trade disappears, while a significant and positive effect of oil

emerges. This effect of oil is compatible with our expectations as an increase

in either the energy dependence relative to the Euro area or oil prices is likely

to be associated with real appreciation.

(OLS7) (OLS8) (FE1) (RE2)
lnrer 1 lnrer 1 lnrer 1 lnrer 1

lnprod dif 0.308∗∗ 0.321∗∗ 0.182∗∗ 0.274∗∗

(0.054) (0.038) (0.038) (0.040)

lnnt cons 0.217 0.215 -1.260∗∗ -0.841∗∗

(0.217) (0.194) (0.330) (0.340)

lntax 0.078 0.145 -0.160∗ 0.100
(0.113) (0.089) (0.087) (0.079)

lnnt ees -1.467∗∗ -1.544∗∗ 0.869∗∗ 0.086
(0.691) (0.518) (0.362) (0.408)

lntrade 0.472∗∗ 0.520∗∗ 0.120 0.290∗∗

(0.224) (0.203) (0.097) (0.132)

lnoil 0.062 0.117∗∗

(0.056) (0.025)

lnadmin w 0.010 0.213∗∗

(0.070) (0.041)

d euro -0.065 -0.062∗∗

(0.069) (0.027)

cons 6.258∗∗ 6.391∗∗ 4.405∗ 5.257∗∗

(3.147) (2.521) (2.326) (2.666)
N 100 114 100 114
adj. R2 39.1 % 45.7 % 63.8 % 56.1 %

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05

Table 4.2: Regression results from OLS and fixed and random effects models.
All variables are transformed into natural logarithms.

We also run pooled OLS for all variables transformed into logarithms. FE
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and RE models are also run for the baseline model (FE1) and the reduced model

(RE2). Given the fact that all variables are transformed into indices, all country

specific effects should have been cancelled out. However, as for some countries

the series start later, some country effects may emerge due to this. The OLS

models for the transformed data do not change the results in any important

way and the results seem fairly robust. Based on the Hausman specification

tests6, only fixed effects model is included for the baseline model because the

RE model is inconsistent, and only random effects model is included for the

reduced model due to higher efficiency.

Both models confirm the significance and the direction of the BSE. The

fixed effects model introduces further significant variables, such as membership

in the Euro area (with the expected negative sign) and oil with the expected

positive sign. All NMS countries are more energy intensive than the benchmark

countries. Therefore, an increase in oil price or the relative energy intensity is

likely to be correlated with real appreciation. nt ees is found significant with

a positive sign. The fact that this variable switches from significantly negative

to significantly positive in various models undermines robustness of the results.

In addition, in the fixed effects model, variables tax, nt cons and admin w

are also found to be significant while they all have the opposite signs than

expected. The positive sign for admin w implies that an decrease in the share of

administered prices is associated with real depreciation. A possible explanation

was suggested in the theoretical part. As the inflation for administered prices

has been often higher than for the rest of goods and services, it is possible

that when a certain administered good is deregulated, its price adjusts fairly

quickly to the market level, and then it develops as other non-administered

goods. The negative sign for tax seems particularly problematic as the effect

of taxes should be very straightforward. For the reduced model, the results

of the random effects model confirm the significance of trade. nt ees and tax

appear not significant in this model. Also, the sign of nt cons is negative as in

the fixed effects model.

So far, we ran the regressions on all available data. However, Malta and

Cyprus do not correspond to the rest of the NMS in many respects. Since our

explanatory variables focus on structural changes mostly connected to transi-

tion, it is possible that these two countries skew our results. The estimations

for the remaining 10 NMS can be seen in table 4.3. Apart from an improved

specification tests, there is only one change in the baseline model and that

6Test statistics can be found in Appendix A in table A.3.
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is nt ees losing its significance. The following columns of the table drop in-

significant variables one-by-one. The results show that apart from the positive

effect of trade, membership in the Eurozone is significant for the 10 countries.

For countries that adopted the euro, nominal exchange rate cannot appreci-

ate. However, relative price level could increase faster to accommodate the

development by itself. The results suggest that this does not happen as Euro

area membership is associated with lower real exchange rate. In addition, tax

becomes significant with the expected positive sign. When using the FGLS, the

results are mostly similar. However, as in the case of all countries, the signifi-

cance of trade is substituted by oil. Also, the effect of Euro area membership

becomes less prominent.

4.2.2 Time-Specific Results

The next step is to test whether there are any significant differences for esti-

mated coefficients in different time periods. Since the data for the early years

in our sample are often missing, we divide the data into two periods only: 1996

to 2006 and 2007 to 2011. As a first indication of a possible structural break

in 2007, we run the baseline regression and include a time dummy variable

(period). This variable takes value 0 for years 1996 to 2006 and value 1 for the

following years. In table 4.4, we can see that the dummy variable is significant

for the NMS without Malta and Cyprus.

We then proceed to dividing the data based on the time period and running

the baseline regression separately for each period. The results are in columns 2

and 4. There are visible differences among the two regressions, and p-values of

the Chow test confirm that these are statistically significant. In columns 3 and

5, different reduced models are presented based on a step-by-step exclusion of

insignificant variables. The first thing to notice is that the BSE is prominent

in both periods. In the first period, only one other variable impacts the real

exchange rate, and that is nt ees, again with a negative sign. The significance

of these two variables as well as the signs are robust to the use of FGLS. In addi-

tion, this method adds another variable - oil among the significant explanatory

variables, with the expected positive sign.

In the second period, however, other variables become prominent. trade

has a positive sign, suggesting that an increase in the share of manufactured

goods in exports of the home country relative to the benchmark countries is

associated with real appreciation. Euro area membership is again significant
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(OLS9) (OLS10) (OLS11) (OLS12) (OLS13)
rer 1 rer 1 rer 1 rer 1 rer 1

prod dif 0.393∗∗ 0.404∗∗ 0.418∗∗ 0.412∗∗ 0.397∗∗

(0.076) (0.062) (0.058) (0.057) (0.054)

nt cons 0.302 0.338 0.307 0.237
(0.348) (0.315) (0.310) (0.282)

tax 0.273 0.301∗∗ 0.322∗∗ 0.306∗∗ 0.268∗∗

(0.166) (0.146) (0.141) (0.138) (0.130)

nt ees -0.776 -0.763 -0.613
(1.268) (1.152) (1.122)

trade 0.926∗∗ 0.892∗∗ 0.948∗∗ 1.007∗∗ 1.099∗∗

(0.455) (0.384) (0.372) (0.355) (0.337)

oil 0.024 0.026
(0.045) (0.042)

admin w 0.031
(0.116)

d euro -20.466 -20.876 -20.936 -26.071∗∗ -25.712∗∗

(14.727) (14.000) (13.954) (10.269) (10.245)

cons -0.298 -2.973 -19.883 -78.221∗ -58.164
(129.220) (120.116) (116.564) (46.395) (39.737)

N 90 102 102 102 102
adj. R2 31.9 % 38.0 % 38.4 % 38.9 % 39.1 %
H: p-value 0.167 0.067 0.080 0.100 0.194
N: p-value 0.004 0.102 0.087 0.072 0.059
R: p-value 0.896 0.708 0.672 0.687 0.599

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05

Table 4.3: Regression results with excluded observations on Malta and Cyprus.
P-values of the Breusch-Pagan test for heteroscedasticity (H, H0 is
constant variance), Shapiro-Wilk test for normality of residuals (N,
H0 is residuals are normal) and Reset test of correct specification (R,
H0 is model has no omitted variables) are included.
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and is correlated with real depreciation. Again, both the significance and the

signs are verified by the FGLS method. Furthermore, oil is again found to be

positively and significantly associated with real appreciation.

The same approach is then used for all countries, that is all 12 NMS. The

results are in table A.6. There are no differences in the first period apart from

a slight decrease in the absolute value of the nt ees coefficient. However, in the

second period, the results are different from the ones without Malta and Cyprus.

In this case, nt cons has the expected positive sign, which suggests that an

increase in NT consumption is correlated with real appreciation. In addition,

oil becomes significant, but the negative sign suggests that an increase in this

variable is associated with real depreciation which goes against expectations.

We also run the regression for the second time period starting with gov

included on the right hand side. After dropping the insignificant variables one

by one, we are left with the results in column 6. Four variables are significant

apart from the BSE. d euro again with the negative sign. gov has a positive

sign, which implies that an increase in government expenditures is associated

with real appreciation as expected. trade and admin w also have positive signs.

The fact that these results are not very stable may suggest that there has been

too much variability in the development of the whole group of the NMS. Due

to low number of observations, however, it is not feasible to examine subgroups

more closely.

4.3 Discussion of the Results

The results in the previous section confirm the relative importance of the BSE

throughout the whole period examined. This result is robust to various spec-

ifications and methods used. As for the magnitude, a one percent increase in

T productivity relative to the benchmark countries is associated with roughly

0.3 real appreciation. This is about half of the effect estimated by Coricelli &

Jazbec (2004) and around the value found by MacDonald & Wójcik (2004).

However, the variable sign of the share of NT employment (ranging from

significantly negative to significantly positive in various models) raises doubts

about the overall results when all 12 countries are examined together for the

whole period. In addition, it prevents us from unequivocally determine which

of the opposing two effects (in Holub & Čihák (2003) and Coricelli & Jazbec

(2004), respectively) present in the empirical literature prevails in our data.

The situation of consumption variables (the share of NT consumption on the
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overall consumption and government expenditures relative to GDP) is similar,

although these variables have both a much lower importance in the models.

Findings of MacDonald & Wójcik (2004) show a significant and negative effect

of the demand side effects. On the other hand, Halpern & Wyplosz (2001)

report significant and positive effect. Their finding corresponds to the direction

predicted by the theory.

It is also interesting to note the differences between the results for all coun-

tries and those for the 10 NMS only. For both the baseline and reduced models

without Malta and Cyprus, the significance of nt ees vanishes. On the other

hand, the effect of Euro area membership becomes prominent.

The most imporant results are those that examine how the coefficients

change in the two time periods. The fact that in the first period only one

other variable apart from the BSE is significant broadly corresponds to the

findings of Coricelli & Jazbec (2004) in that the results suggest that the effects

of transition mostly disappear after the first five years of transition. After that,

the main driving force of real exchange rate developments is the BSE. For the

models without Malta and Cyprus, all the signs of the significant variables are

as expected and stable. The fact that the structure of trade and Euro area

membership become more prominent in the second period is not surprising, as

both variables (trade and d euro) are related to the foreign countries in a way.

In the second period, the importance of international ties may have risen and,

consequently, the two variables are given more prominence. The positive effect

of trade is likely to reflect quality improvements of exported goods in the NMS

relative to the Euro area. The results for all 12 NMS countries are less stable

for the second period. This could also be expected as in problematic times the

heterogeneity among countries might become more pronounced. These results

are by large robust to the use of FGLS.

Having determined the variables with the largest impact on the development

of real exchange rates, the question is now what do these tell us about economic

performance and possible expectations about the future. We saw that the BSE

is the key driving force behind real exchange rate appreciation throughout the

whole observed period. Because of this, as long as an increase in productivity

in the T sector for the NMS is higher than in the Euro area, real appreciation

can be expected to continue. The productivity increases should not result in a

loss of competitiveness as this development can be thought of as an equilibrium

adjustment.

Similarly, real appreciation that is the result of regulated prices may not
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affect competitiveness, because regulated prices may not have fully adjusted

immediately and may still not have reached their optimal level since many of

these prices still do not allow for cost recovery. In addition, regulated prices

consist mostly of NT goods, so they do not affect competitiveness directly.

An important question is the implication our results have on Euro area

membership. The results suggest that countries which adopted the euro did

experience lower real appreciation. There are, of course, many other consid-

erations regarding the Euro area membership, but our results do not indicate

any significant problems related to a possible Euro area entry due to the fact

that real appreciation seems mostly the result of supply-side factors, quality

adjustments and possible remnants of economic restructuring.

It should also be pointed out that there are other factors, such as capital

flows and interest rates, which have been shown in previous studies to signifi-

cantly affect real exchange rate in the short term. While this analysis focuses

on the role of real factors in the long run, a further step could be to combine the

two approaches to gain a complete picture of real exchange rate determinants.

In conclusion, although an explicit analysis of external competitiveness is

not possible in the theoretical framework adopted in this thesis, several ob-

servations can be made based on the results. The relatively high importance

of the BSE suggests that the real exchange rate appreciation experienced by

the NMS in the last two decades has been at least partly a result of supply

side effects and necessary structural adjustment, and can thus be viewed as an

equilibrium development.
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(1) (Period 1) (Period2)
rer 1 rer 1 rer 1 rer 1 rer 1

prod dif 0.323∗∗ 0.238∗∗ 0.314∗∗ 0.420∗∗ 0.260∗∗

(0.068) (0.061) (0.045) (0.158) (0.073)

nt cons 0.223 -0.223 0.595
(0.305) (0.291) (0.688)

tax 0.009 -0.442∗∗ 0.271
(0.154) (0.181) (0.328)

nt ees -1.464 -2.303∗∗ -2.196∗∗ -1.089
(1.116) (1.074) (0.988) (2.895)

trade 0.642 1.410∗∗ 0.776 1.050∗∗

(0.401) (0.595) (0.667) (0.473)

oil -0.076∗ 0.017 -0.116
(0.044) (0.047) (0.084)

admin w 0.075 -0.199 0.084
(0.102) (0.151) (0.185)

d euro -21.621∗ -24.651 -24.105∗∗

(12.869) (25.173) (11.108)

period 29.263∗∗

(5.727)

cons 147.383 264.911∗∗ 304.083∗∗ 52.556 8.354
(116.542) (122.970) (98.567) (262.977) (52.037)

N 90 51 74 39 49
adj. R2 48.1 % 51.8 % 40.8 % 27.8 % 23.3 %
H: p-value 0.007 0.517 0.311 0.107 0.542
N: p-value 0.058 0.026 0.047 0.063 0.105
R: p-value 0.472 0.515 0.179 0.094 0.270
CH: p-value 0.000 0.000

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05

Table 4.4: Regression results from pooled OLS regressions without Malta and
Cyprus for period 1 (1996 to 2006) and period 2 (2007 to 2011).
P-values of the Breusch-Pagan test for heteroscedasticity (H, H0 is
constant variance), Shapiro-Wilk test for normality of residuals (N,
H0 is residuals are normal) and Reset test of correct specification (R,
H0 is model has no omitted variables) are included. P-value of the
Chow test (Ch, H0 all coefficients are equal) comparing coefficients
of the two periods is included as well for the baseline model (column
2 and 4).
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Conclusion

This thesis focuses on identifying those factors that have determined the relative

price levels and real exchange rate developments in the NMS of the EU during

the last two decades. While the BSE is probably the best known explanation,

many other suggestions have been put forward. These include demand-side

effect, position in the business cycle, changes in the quality of goods that have

not been fully accounted for, and pricing-to-market practices. Furthermore,

structural variables such as administered prices and sectoral employment are

also likely to have an impact on the development of relative prices particularly

in those countries that experienced transition from central planning to a free

market.

An empirical analysis is carried out in order to determine the key variables

behind real exchange rate developments in the NMS between years 1996 and

2011. In addition, we examine whether there have been any changes related to

the recent crisis. The results suggest that the Balassa-Samuelson effect (BSE)

has been a stable driving force behind the real exchange rate development dur-

ing the whole period examined. The effect of productivity differential, which

is used to approximate the BSE, is found to be positive and significant, sug-

gesting that an increase in productivity in the tradable sector relative to the

non-tradable one is associated with real exchange rate appreciation of the NMS’

currencies. This effect is only mildly sensitive to inclusion of other explana-

tory variables and choice of econometric technique. Generally, a one percent

increase in tradable productivity relative to non-tradable productivity in the

home country, relative to the benchmark countries, is correlated with real ap-

preciation of about 0.3 points. While a direct analysis of the effects on com-

petitiveness is not possible in the given framework, these results do not reveal
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any serious issues with a speedy EMU entry as real exchange rate appreciation

driven by the supply-side effects can be viewed as an equilibrium phenomenon.

This, however, does not mean that Euro area entry cannot be followed by an

increase in inflation.

This is further enhanced by the character of the other significant variables.

During the first period (1996 to 2006), only one other variable was found sig-

nificant, and that is the share of non-tradable employment in total employment

which suggests that some economic restructuring may still have been taking

place.

The key finding of the thesis is that in the second period marked by the re-

cent crisis new variables came to prominence alongside the BSE as determining

the real exchange rate in the NMS without Malta and Cyprus. The structure

of trade and Euro area membership are found significant with a positive and

negative sign, respectively. This suggests that a faster increase in the share of

manufactured goods on overall exports of a country (thought to approximate

quality of goods) relative to the Euro area is associated with real appreciation.

Euro area membership, on the other hand, is correlated with real depreciation.

The differences between the two periods are statistically significant. Further-

more, in the view of the increased volatility of the results for the second period

when all 12 NMS are considered, it might also be useful to look at various

subgroups, as large heterogeneity may be found among these countries.

The results are fairly robust to the use of two estimation methods, pooled

OLS and FGLS. Therefore, under the maintained assumption that the meth-

ods used are appropriate and the models are correctly specified, the results

suggest there has been a shift in the relative importance of real exchange rate

determinants with regard to the recent crisis. However, application of other

methods, such as cointegration techniques, would be necessary to ensure that

the observed results are indeed robust.

It should also be pointed out that there are other factors, such as capital

flows and interest rates, which have been shown in previous studies to signifi-

cantly affect real exchange rate in the short term. While this analysis focuses

on the role of real factors in the long run, a further step in the future research

could be to combine the two approaches to gain a complete picture of real

exchange rate determinants.

In conclusion, examination of determinants of the real exchange rates in

the NMS is crucial particularly with regard to the Maastricht criteria and pos-

sible EMU entry of those countries that have not yet joined. The theoretical
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and empirical analyses suggest that the upward pressure on the real exchange

rate is likely to continue in the future if these countries continue to experi-

ence productivity increases higher than those in other EU countries. However,

given the main sources of this appreciation, it can be viewed as an equilibrium

phenomenon.
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Égert, B. (2002): “Estimating the Balassa-Samuelson Effect on Inflation and

the Real Exchange Rate During the Transition.” Economic Systems 26: pp.

1–16.
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Appendix A

Data

A.1 Data Description

Dependent Variable

1. rer Nominal effective exchange rate relative to the eurozone was down-

loaded from Eurostat (ert eff ic a) as were the price indeces (prc hicp aind

and prc hicp cind). Since the nominal exchange rate index is constructed

so that an increase means appreaciation, the real exchange rate was then

calculated as e P
P ∗ . As with the nominal exchange rate, an increase means

real appreciation.

Independent Variables

All the independent variables (with the obvious exception of the dummy vari-

able) were defined relative to the Euro area (EA17). In those cases where EA17

data was not directly available along national data, weighted average was com-

puted using country weights downloaded from Eurostat (prc hicp cow).

1. prod diff Defined as ( αT

αNT
). Productivity in a sector is calculated as

GV A
employment

where GVA is given in volumes (thousands of Euros) and em-

ployment in thousands of hours worked. Data was downloaded from

Eurostat (nama nace10 k and nama nace10 e), where they are available

for 11 sectors separately. Their division into tradables and non-tradables

is as follows:

� Agriculture, forestry and fishing - treatment of agriculture has been



A. Data II

quite controversial. Therefore, we drop this sector from our data

entirely (following for example Égert et al. (2003)).

� Industry (except construction) - tradable

� Manufacturing - tradable

� Construction - non-tradable

� Wholesale and retail trade, transport, accomodation and food ser-

vice activities - non-tradable

� Information and communication - non-tradable

� Financial and insurance activities - non-tradable

� Real estate activities - non-tradable

� Professional, scientific and technical activities; administrative and

support service activities - non-tradable

� Public administration, defence, education, human health and social

work activities - non-tradable

� Arts, entertainment and recreation; other service activities; activ-

ities of household and extra-territorial organizations and bodies -

non-tradable

When constructing the productivity differential measure, productivity

in each sector was computed (using the formula given above). Then,

productivities in all NT and T sectors multiplied by their share on overall

GVA were summed. That is, for two sectors A and B we get:

prodAB =
GV AA

GV AA +GV AB
(prodA) +

GV AB
GV AA +GV AB

(prodB)

The main problem encountered when calculating productivity differential

is the high number of missing observations. For Malta, productivity is

unavailable for all the years examined. To avoid the same situation for

Bulgaria, we define tradable sector as ”industry” only, without taking

manufacturing into account. Data for Romania only start in 2008. For

Poland, they only start in 2004, for the Baltic countries and Slovenia in

2000 and for Slovakia in 1997..

2. nt cons Data on consumption expenditure by type (nama co3 k) was

downloaded from Eurostat. We define the following type as non-tradable:
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housing, water, electricity, gas and other fuels, transport services, edu-

cation, communication services (eg. postal and telephone), recreation

and culture, hospital and out-patient services, restaurants and hotels and

insurance, financial and other services. The sum of those types of con-

sumption was then divided by total private consumption.

3. gov Total governmnent expenditure (gov a main) was downloaded di-

rectly from Eurostat and taken relative to GDP in the same units (nama

gdp c).

4. gdp Real GDP per capita in PPS was downloaded directly from Eurostat

(prc ppp ind).

5. tax Implicit tax rates on consumption were downloaded directly from

Eurostat (gov a tax itr).

6. nt ees Calculated as a share of employment in NT sectors (as described

previously when discussing productivity using (nama nace10 e) in all em-

ployment.

7. admin weight Share of administered prices was downloaded directly from

Eurostat (prc hicp inw). All administered prices were taken into account

(ie. both fully and mainly administered prices).

8. oil This variable was calculated as price of oil multiplied by energy in-

tensity of a country. Oil prices were downloaded from European Central

Bank (ECB) and energy intensity from Eurostat (nrg ind 332a).

9. trade Trade was downloaded from Eurostat, divided into intra- and extra-

EU trade in percent for SITC 6+8 and SITC 7 separately (ext lt intratrd).

It was summed to receive overall shares.

10. d euro This varialbe is set to one for years of Eurozone membership and

zero otherwise.
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Variable Mean Std. Dev. N
rer 1 130.312 28.752 192
rer 2 105.437 13.009 120
prod dif 127.219 50.879 139
nt cons 99.646 12.937 185
gdp 122.198 25.956 192
gov 102.279 14.452 191
tax 109.298 22.478 180
nt ees 101.44 3.719 152
trade 103.345 9.566 156
oil 166.907 72.743 176
admin w 110.608 27.314 132
d euro 0.089 0.285 192

Table A.1: Summary statistics for all used variables.

A.2 Specification Tests

Variable VIF VIF VIF VIF VIF
OLS1 OLS 4 OLS 9 Period1 Period 2

prod diff 2.75 1.87 2.93 2.20 5.30
nt cons 1.50 1.36 1.66 1.45 2.64

tax 2.59 1.76 2.22 2.43 4.17
nt ees 1.96 1.26 2.60 1.41 6.28
trade 1.16 1.11 1.53 1.34 1.68

oil 1.53 1.35 1.36 1.27
admin w 1.30 1.35 1.63 1.97
d euro 1.77 2.32 4.96

Table A.2: Variance inflation factor tests for the key models. As a
general rule of thumb, VIF above 4 warrants further inves-
tigation.

FE1/RE1 FE2/RE2
Hausman test statistics 16.081 6.77

p-value 0.042 0.238

Table A.3: Hausman test statistics and corresponding p-values.



A. Data V

(1) (2) (3) (4) (5)
rer 1 rer 1 gov gdp gov

prod dif 0.322∗∗ 0.120 0.052
(0.042) (0.073) (0.043)

gdp 0.443∗∗

(0.074)

nt cons 0.162 1.026∗∗ 0.223
(0.100) (0.334) (0.198)

tax 0.467∗∗ 0.237∗∗

(0.152) (0.091)

nt ees -1.589 0.300
(1.041) (0.619)

trade 0.257 -0.638∗∗

(0.322) (0.192)

oil -0.027 0.058∗∗

(0.041) (0.025)

admin w -0.172 -0.189∗∗

(0.106) (0.063)

d euro 2.908 -2.971
(10.778) (6.410)

cons 91.384∗∗ 76.169∗∗ 86.262∗∗ 121.267 91.565
(5.716) (9.200) (10.053) (100.408) (59.718)

N 139 192 184 100 100
adj. R2 0.298 0.156 0.009 0.105 0.267

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05

Table A.4: Regressions establishing possible correlations among vari-
ables.

A.3 Supplementary Regressions



A. Data VI

(1) (2) (3) (4) (5) (6)
rer 1 rer 2 rer 1 rer 1 rer 1 rer 1

prod dif 0.360∗∗ 0.059∗∗ 0.374∗∗ 0.382∗∗ 0.308∗∗ 0.354∗∗

(0.071) (0.020) (0.081) (0.059) (0.065) (0.072)

nt cons 0.391 -0.256∗ 0.448 0.453 -0.052 0.362
(0.325) (0.135) (0.356) (0.291) (0.307) (0.328)

tax 0.125 0.142 0.178 -0.077 0.094
(0.148) (0.165) (0.124) (0.140) (0.154)

nt ees -1.800∗ 0.668 -2.009∗ -1.935∗∗ -1.115 -1.839∗

(1.013) (0.439) (1.129) (0.880) (0.925) (1.017)

trade 0.569∗ 0.566∗∗ 0.532 0.574∗∗ 0.459 0.650∗

(0.314) (0.136) (0.324) (0.289) (0.284) (0.333)

oil 0.025 0.006 0.027 0.030 0.037 0.018
(0.040) (0.017) (0.042) (0.037) (0.036) (0.042)

admin w 0.052 0.203∗∗ 0.044 0.126 0.076
(0.103) (0.042) (0.106) (0.094) (0.108)

d euro -10.419 -1.300 -10.190 -9.781 -11.672 -10.042
(10.486) (4.561) (10.877) (9.844) (9.456) (10.525)

gdp 0.431∗∗

(0.092)

gov 0.127
(0.172)

cons 148.159 -27.019 164.256 150.275∗ 95.873 136.543
(97.689) (44.359) (105.424) (89.246) (88.760) (99.191)

N 100 91 91 114 100 100
adj. R2 0.334 0.421 0.328 0.385 0.459 0.331
H: p-value 0.061 0.000 0.066 0.009 0.348 0.023
N: p-value 0.004 0.000 0.006 0.048 0.127 0.020
R: p-value 0.674 0.000 0.621 0.822 0.493 0.696

Standardized beta coefficients; Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05

Table A.5: Regression results from pooled OLS regressions for all countries. P-
values of the Breusch-Pagan test for heteroscedasticity (H, H0 is
constant variance), Shapiro-Wilk test for normality of residuals (N,
H0 is residuals are normal) and Reset test of correct specification
(R, H0 is model has no omitted variables) are included. (1) Baseline
model (2) Using rer 2, since 2002 (3) Baseline, including only obser-
vations since 2002 like column 2. (4) Without admin w (5) Including
gdp (6) Including gov.



A. Data VII

(1) (Period 1) (Period 2) (6)
rer 1 rer 1 rer 1 rer 1 rer 1 rer 1

prod dif 0.307∗∗ 0.250∗∗ 0.315∗∗ 0.400∗∗ 0.338∗∗ 0.318∗∗

(0.061) (0.057) (0.042) (0.147) (0.070) (0.064)

nt cons 0.282 -0.045 0.721 0.875∗

(0.276) (0.276) (0.613) (0.445)

tax -0.019 -0.187 0.222
(0.128) (0.136) (0.301)

nt ees -1.717∗∗ -2.112∗∗ -1.979∗∗ -1.947 -3.463∗∗

(0.860) (0.894) (0.748) (2.297) (1.244)

trade 0.408 0.437 0.546 1.111∗∗

(0.268) (0.352) (0.528) (0.456)

oil -0.071∗ 0.005 -0.113 -0.133∗∗ -0.158
(0.038) (0.043) (0.070) (0.062) (0.064)

admin w 0.097 -0.068 0.087 0.265∗∗

(0.088) (0.133) (0.165) (0.113)

d euro -17.532∗ -15.518 -25.775∗∗

(8.986) (17.431) (10.084)

period 29.228∗∗

(4.864)

gov 0.657∗∗

(0.252)

cons 193.265∗∗ 292.183∗∗ 282.015∗∗ 158.040 401.101∗∗ -65.574
(83.321) (93.414) (75.337) (200.974) (116.313) (66.056)

N 100 57 85 43 43 47
adj. R2 0.519 0.499 0.425 0.372 0.379 0.480
H: p-value 0.000 0.108 0.100 0.055 0.126 0.074
N: p-value 0.032 0.019 0.002 0.201 0.761 0.270
R: p-value 0.497 0.111 0.175 0.047 0.658 0.256
Ch: p-value 0.000 0.000

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05

Table A.6: Regression results from pooled OLS regressions for all countries for
period 1 (1996 to 2006) and period 2 (2007 to 2011). P-values of
the Breusch-Pagan test for heteroscedasticity (H, H0 is constant
variance), Shapiro-Wilk test for normality of residuals (N, H0 is
residuals are normal) and Reset test of correct specification (R, H0

is model has no omitted variables) are included. P-value of the Chow
test (Ch, H0 all coefficients are equal) comparing coefficients of the
two periods is included as well for the baseline model (columns 2
and 4).



A. Data VIII

(1) (2) (3) (4) (5)
rer 1 rer 1 rer 1 rer 1 rer 1

prod dif 0.158∗∗ 0.203∗∗ 0.195∗∗ 0.153∗∗ 0.116∗

(0.044) (0.046) (0.046) (0.038) (0.061)

nt cons -0.146
(0.312)

nt ees -0.375 -0.848∗ -0.640∗

(0.460) (0.483) (0.378)

tax -0.051 0.417∗∗

(0.077) (0.101)

trade 0.032 0.123 0.176 1.086∗∗

(0.120) (0.130) (0.193) (0.354)

oil 0.037∗∗ 0.058∗∗ 0.078∗∗ 0.065∗∗ 0.068∗∗

(0.012) (0.014) (0.016) (0.021) (0.028)

admin w 0.039 0.092
(0.060) (0.120)

d euro -1.639 6.593 -27.643∗∗

(3.067) (5.681) (10.418)

cons 152.403∗∗ 165.553∗∗ 37.328∗ 159.998∗∗ -42.424
(57.602) (52.356) (21.952) (36.338) (49.974)

N 100 114 102 74 39
adj. R2

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05

Table A.7: Regression results from pooled FGLS regressions for various models.
(1) Baseline model (2) Reduced model, all countries (3) Reduced
model without Malta and Cyprus (4) Reduced model without Malta
and Cyprus for the first period (1996-2006) (5) Reduced model with-
out Malta and Cyprus for the second period (2007-2011).
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