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Abstract

Abstract

The aim of the study is to estimate the magnitude of the Balassa-Samuleson effect as well as
the effectiveness of the labour and the product market in its absorption in Poland, the Czech
Republic, Hungary and Slovakia. The obtained results allowed to determine the magnitude of
the systematic component of inflation differentials relative to the euro area, hence to assess the
risk of common monetary policy inadequacy with respect to these economies. The obtained
estimates suggest that the catching-up driven inflationary pressure is a non-negligible issue
in the context of the CEECs integration with the euro area, since the systematic inflation
differentials were comparable in size to those experienced by the so-called peripheral member
states in the first decade after the introduction of the euro. Moreover, in the case of Poland
none of the potential absorption mechanisms of the Balassa-Samuelson effect seemed to
mitigate the convergence-induced inflationary pressure over the sample period. The outcomes
suggest that ignoring the non-fulfilment of theoretical model assumptions regarding wages and
markups, which is common in the literature, distorts estimation results.

JEL Classification: F41, E31, C33

Keywords: Balassa-Samuelson hypothesis, monetary integration, real convergence, panel
cointegration

Introduction

Having joined the European Union in May 2004, the Central and Eastern European Countries
(henceforth: CEECs) became member states with a derogation concerning the adoption of the
single currency, i.e. they are obliged to join the third stage of the Economic and Monetary
Union as soon as the convergence criteria stipulated in the Treaty on the Functioning of the EU
are fulfilled. The inevitable corollary of the accession to the euro area is the resignation from
autonomous monetary and exchange rate policy, both being major shock-absorbing instruments.
In conducting common monetary policy, the European Central Bank takes into account average
economic performance in the euro area, which may be sub-optimal from the perspective of an
individual member state.

The inadequacy of common monetary policy arises from the heterogeneity of inflation within
the monetary union. In the presence of persistent inflation differentials, the equality of nominal
interest rates implies heterogeneity of real interest rates (leaving aside differences in the process
of inflation expectations formation). Lower than average real interest rate in one country (in
particular below the natural interest rate) boosts its economic activity relative to other member
states and consequently the inflation rate (its cyclical component), hence amplifying divergences.
This mechanism, lying at the heart of the so-called Walters critique of monetary unions (Walters,
1994), is thereby of procyclical nature and leads to the built-up of macroeconomic imbalances,
both internal (the boom-bust cycles) and external (undermining of competitiveness and the
accompanying current account deterioration). The resolution of the imbalances by means of
nominal devaluation is not a feasible option within the monetary union, since nominal exchange
rates are irrevocably fixed. The burden of adjustment rests, therefore, upon the real exchange
rate channel, whose effectiveness depends on the elasticity of the domestic product and labour
markets, i.e. the elasticity of prices and wages.

The functioning of the euro area hitherto suggests that, contrary to beliefs widely held
prior to its launching, the effectiveness of the real exchange rate channel among some member
states is very limited. Inflation differentials within the euro area, aggravated by the procyclical
real interest rate mechanism, contributed to the built-up of considerable imbalances in some
countries. The problem concerned primarily the so-called peripheral member states, namely
Greece, Portugal, Spain and Ireland. As the result of the inflation rate being systematically
above the average for the euro area (Table 1), in the years 1999 through 2007 these economies
experienced a considerable deterioration of price competitiveness. Consequently, they developed
persistently high current account deficits, which, in turn, accumulated into considerable stocks of
net external liabilities.

3
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Table 1: Inflation differentials between peripheral member states and the average for the euro area

Country 1999-2007 2008-2011

Greece 1.2 p.p 1.5 p.p

Spain 1.8 p.p −0.1 p.p

Ireland 2.0 p.p −3.5 p.p

Portugal 1.1 p.p −0.1 p.p

Note: Inflation differentials were computed on the basis of value-added deflators excluding agriculture and fishing (NACE
rev.1.1. sections A and B).

These developments made the peripheral member states vulnerable to macroeconomic risk, which
materialised during the recent financial crisis in various forms, i.a. the collapse of the real estate
market (in Spain and Ireland), the sovereign debt crisis (in Greece, Spain and Portugal) and the
banking crisis (in Ireland). What is more, despite a sharp and prolonged economic downturn
which they experienced (cumulative output loss from 2008 to 2011 of 10% in Ireland, 14% in
Greece and 3% in Spain and Portugal, the average for the euro area being 1%), a sizable internal
devaluation has taken place only in the case of Ireland (Table 1), implying that, due to product
and labour market rigidities, regaining competitiveness while in a currency union may be very
difficult for the other countries.

The problems experienced by the peripheral member states suggest that inadequacy of
common monetary policy may turn out to be a serious cost of joining a currency union. Therefore,
a risk assessment of such inadequacy should become a major element of cost-benefit analysis of
euro adoption for the prospective member states. The aim of the paper is to assess that risk with
regard to four CEECs – Poland (PL), the Czech Republic( CZ), Hungary (HU) and Slovakia
(SK). Due to considerably lower GDP per capita than in the euro area (in 2011 GDP per capita in
Purchasing Power Parity amounted to 59% of the average for the euro area in the case of Poland,
73% in the Czech Republic, 60% in Hungary and 68% in Slovakia) it may be assumed that the
inadequacy of ECB monetary policy with regard to the CEECs may be of structural nature, i.e. it
may be determined by the catching-up process. The analysis focuses, therefore, on the inflationary
pressure stemming from the real convergence process, i.e. the so-called Balassa-Samuelson effect
(Balassa, 1964; Samuelson, 1964).

The rest of the paper is organised as follows. Section 1 derives the baseline Balassa-Samuelson
model, as well as its extended version, taking into account possible invalidity of baseline model
assumptions regarding the product and labour markets. In Section 2 we outline the empirical
framework employed in the paper, i.a. a novel approach to estimating the Balassa-Samuelson
effect aimed at overcoming the problem of relatively short time span and low frequency of series
available for the CEECs. Next, we give a brief overview of panel econometrics methods, on the

4

basis of which we choose the most appropriate estimation techniques. In Section 4 empirical
results are presented. These include estimation results of the baseline and extended models, the
results of tests of effectiveness of labour and product market in absorbing catching-up driven
inflationary pressure, as well as the quantification of the Balassa-Samuelson effect. Next, on
the basis of the obtained results conclusions are drawn concerning the risk of the ECB policy
inadequacy with regard to the analysed CEECs.

5
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Chapter 1

1 Methodological issues

1.1 Theoretical framework

1.1.1 Baseline Balassa-Samuelson model

The cross-country inflation differentials may be the result of several factors, both of structural
and transitory nature, the most important being: (1) the catching-up process, (2) phase shift in
the business cycle, (3) asymmetric monetary and fiscal policy shocks, (4) changes in regulated
prices and VAT or excise rates, (5) differences in the import-to-production ratio, and (6)
relative endowment in production inputs. From the perspective of the CEECs in their run-up
to the euro area the crucial factor are the inflation differentials adjusted for transitory effects,
i.e. their structural component, which is determined by the catching-up process, called the
Balassa-Samuelson effect (Balassa, 1964; Samuelson, 1964).

A starting point for the derivation of the Balassa-Samuelson model is an assumption of an
economy consisting of two sectors – the tradable (T) and the non-tradable (NT) one – differing
with respect to productivity growth (the tradable sector is the sole source of productivity growth
or at least the growth rate is higher in the tradable than in the non-tradable one). Perfect
competition in both sectors and perfect labour force mobility between sectors is also assumed.
Labour is, however, immobile between countries.

Output in both sectors, home and abroad, is determined by the Cobb-Douglas production
function with constant returns to scale:

Yj(Kj , Lj) = AjL
αj

j K
1−αj

j , (1)

with Yj denoting output, Aj – total factor productivity, Lj – labour input Kj – capital input in
sector j (jε{T, N}). αj and 1 − αj denote labour and capital elasticities of output, respectively.

In both sectors, producers maximise their profits by choosing the appropriate inputs of
production factors:

max

Lj , Kj

(PjAjK
1−αj

j L
αj

j − WjLj − RKj) (2)

where Wj (jε{T, N}) stands for wages in respective sectors, R is the cost of capital and
Pj (jε{T, N}) denotes price level of goods produced in respective sectors. First order conditions
for the above maximisation problems (with respect to labour) are the following:

αjPjAjK
1−αj

j L
αj−1
j − Wj = 0 , jε{T, N}. (3)
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This implies the price of labour as follows:

Wj = αjPjAj( Lj

Kj
)αj−1, jε{T, N}. (4)

Perfect competition assumption implies price of production factors equal to their marginal
revenue product. Therefore, in the long run an increase in labour productivity translates into a
proportional increase in wages. On the other hand, perfect labour mobility assumption implies
cross-sectoral equality of wages in the long run. Otherwise, the employees would be encouraged
to change the sector until growing labour supply in the sector with higher earnings and falling
labour supply in the other sector would level the wages in the entire economy.

Assuming wage homogeneity across the sectors, WT = WN ≡ W , the relationship between
relative prices and relative productivity between the tradable and non-tradable sector can be
derived:

PN

PT
=

αT
YT

LT

αN
YN

LN

. (5)

Dividing (5) by its foreign counterpart (foreign counterparts to domestic variables are denoted
with an asterisk in superscripts) leads to the following relationship expressing relative price of
non-tradable goods in international comparison as a function of relative productivities home and
abroad, i.e. to the baseline Balassa-Samuelson model:

PN

PT
/

P ∗
N

P ∗
T

=
αT

YT

LT

αN
YN

LN

/
α∗

T
Y ∗

T

L∗
T

α∗
N

Y ∗
N

L∗
N

. (6)

1.1.2 Extended Balassa-Samuelson model

The baseline Balassa-Samuelson model implies that a differential productivity growth fully
translates into inflation differentials between a catching-up and an advanced economy. This is
asserted by a combined fulfilment of the following conditions: (1) an increase in productivity
in the tradable sector fully translates into an increase in wages (perfect competition assumption
implying price of production factors equal to their marginal revenue product), (2) an increase in
wages in the tradable sector fully translates into an increase in wages in the non-tradable sector
(perfect labour mobility assumption), (3) an increase in wages in the non-tradable sector which
does not match productivity growth fully translates into an increase in prices (perfect competition
assumption implying markups equal to zero). Implicitly, the model assumes also (4) identical
trajectories of non-wage costs of production, such as raw materials, energy or external services.

7
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The incomplete pass-through in the Balassa-Samuelson model may be the result of non-fulfilment
of any of the above conditions. In particular, in the case of existing differences in raw material-,
energy- or import-to-production ratio between the tradable and the non-tradable sector,
production costs and, consequently, prices are differently affected by the developments of raw
materials and energy costs, as well as the exchange rate. Therefore, the incomplete pass-through
may be the consequence of random trajectories of these variables. It may, however, result from
factors of systematic nature, reflecting product and labour market characteristics. Namely, labour
market features can mitigate levelling of wages between sectors. On the other hand, product
market characteristics may reduce the impact of wage increases on prices in the non-tradable
sector. Thereby the labour and the product market may to some extent absorb inflationary
pressure stemming from the real convergence process.

The effectiveness of the labour market in absorbing the Balassa-Samuelson effect depends
on the magnitude of wage increase pass-through from the tradable to the non-tradable sector.
Equation (6) was derived under the assumption that wages are equal across sectors. Should
this assumption be rejected, the baseline Balassa-Samuelson model ought to be extended to
accommodate the relative price trajectory:

PN

PT
/

P ∗
N

P ∗
T

=


 αT

YT

LT

αN
YN

LN

/
α∗

T
Y ∗

T

L∗
T

α∗
N

Y ∗
N

L∗
N


 ·

(
WN

WT
/

W ∗
N

W ∗
T

)
(7)

The ability of the product market to mitigate catching-up inflationary pressure hinges upon
the extent to which fluctuations of production costs may be absorbed by markup adjustments.
Perfect competition assumption implies markups in the economy equal to zero and, consequently,
a complete pass-through of unit labour costs on prices. If, however, prices are set as a mark-up on
production costs:

Pj = MCjMj , (8)

where MCj stands for marginal costs, and Mj for a markup in respective sectors (jε{T, N}), part
of the unit labour costs increase may be absorbed by decreasing the profit margin.

Assuming identical trajectories of non-labour production costs in the tradable and non-tradable
sector and proportionality of marginal and average costs, equation (7) can be further extended to
accommodate the relative markups trajectory:

PN

PT
/

P ∗
N

P ∗
T

=


 αT

YT

LT

αN
YN

LN

/
α∗

T
Y ∗

T

L∗
T

α∗
N

Y ∗
N

L∗
N


 ·

(
WN

WT
/

W ∗
N

W ∗
T

)
·
(

MN

MT
/

M∗
N

M∗
T

)
. (9)
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1.2 Empirical framework

The data used in the analysis come from the Eurostat database. The sample covers years 1995
through 2010 and is of annual frequency. The source variables comprise sectoral (according to
NACE rev. 1.1 classification) value added deflators as an approximation for price developments,
sectoral labour productivity (value added over total employment in each sector), sectoral wages
(compensation of employees over total employment in each sector) and an approximation for
sectoral markups (nominal output over variable costs, i.e. the sum of compensation of employees
and intermediate inputs). The application of NACE-based statistical concepts (value-added
deflators instead of price indices) asserts the coherence of sectoral classification. Table 2 contains
definitions of variables used in the empirical analysis.

An important issue when estimating the Balassa-Samuelson effect is the classification of sectors
as tradable or non-tradable. The sectoral classification applied in this study (Table 3) achieves
two goals: firstly, it is in line with the main strand of the literature; secondly, it maximises the
cross-sectional dimension of the panel, which enhances the effectiveness of the estimation. The
only sub-sector we excluded from the analysis is agriculture and fishing (NACE rev.1.1. sections A
and B). Although the products of these sub-sectors are subject to international trade, both their
prices and quantities are heavily distorted by administrative interventions (on both country- and
the EU-level) and random events, such as weather conditions.

Table 3: Composition of the tradable and non-tradable sector

Sectoral classification according to NACE rev. 1.1
Tradable sector Non-tradable sector

Mining and quarrying (C)
Electricity, gas and water supply (E)
Construction (F)
Wholesale and retail trade; repair of motor vehicles,
motorcycles, personal and household goods (G)
Hotels and restaurants (H)

Manufacturing (D) Transport, storage and communication (I)
Financial intermediation (J)
Real estate, renting and business activities (K)
Public administration and defence; compulsory social security
(L)
Education (M)
Health and social work (N)
Other community, social, personal service activities (O)
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The incomplete pass-through in the Balassa-Samuelson model may be the result of non-fulfilment
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The Balassa-Samuelson effect is a long-run phenomenon and, therefore, necessitates the use of
cointegration analysis for the purpose of estimation. In the literature the model is estimated via
either time series methods applied to a single economy, or panel econometric techniques applied
to a group of economies. Both approaches have obvious drawbacks when applied to the CEECs.
Accessible time series for these countries, mostly dating back to 1995, are far too short to ensure
efficient estimation of long-run relationships. Moreover, sectoral disaggregated data available for
the CEECs are of annual frequency, which makes the application of cointegration analysis virtually
impossible. In previous studies the problem was addressed either by estimating the model in first
differences (e.g. Cipriani, 2001), or by extending the sample to a group of CEECs which, under the
assumption of their relative homogeneity, allowed for the application of panel methods (e.g. Égert
et al., 2002; Wagner and Hlouskova, 2004; Wagner, 2005). Due to the fact that the mechanism
outlined by Balassa and Samuelson is of a long-run nature, the former solution potentially leads
to the underestimation of the effect, as only its short-run component can be captured. Turning to
a multi-country panel, on the other hand, alters the interpretation of the results and hence it is
not possible to develop policy recommendations for a single country. What is more, due to limited
cross-sectional dimension of the panel (such analyses comprise usually only a few economies) the
application of some macroeconometric panel techniques may result in biased estimates.

Our attempt to overcome this difficulty consists in designing the panel in a different manner
(see Konopczak and Torój, 2010). Namely, its cross-sectional dimension is obtained by means of
sectoral disaggregation, i.e. the price, productivity, wage and markup differentials are computed
as a difference between the tradable sector (NACE rev.1.1. section D) and non-tradable subsectors
(NACE rev 1.1. sections C, E, F, G, H, I, J, K, L, M, N, O). Thus, the relation between the
tradable sector and various sub-sectors of the non-tradable sector serves as the unit dimension.
This allows to concentrate on the single economy perspective and, at the same time, improve the
efficiency of the estimation by applying panel econometric techniques.
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The Balassa-Samuelson effect is a long-run phenomenon and, therefore, necessitates the use of
cointegration analysis for the purpose of estimation. In the literature the model is estimated via
either time series methods applied to a single economy, or panel econometric techniques applied
to a group of economies. Both approaches have obvious drawbacks when applied to the CEECs.
Accessible time series for these countries, mostly dating back to 1995, are far too short to ensure
efficient estimation of long-run relationships. Moreover, sectoral disaggregated data available for
the CEECs are of annual frequency, which makes the application of cointegration analysis virtually
impossible. In previous studies the problem was addressed either by estimating the model in first
differences (e.g. Cipriani, 2001), or by extending the sample to a group of CEECs which, under the
assumption of their relative homogeneity, allowed for the application of panel methods (e.g. Égert
et al., 2002; Wagner and Hlouskova, 2004; Wagner, 2005). Due to the fact that the mechanism
outlined by Balassa and Samuelson is of a long-run nature, the former solution potentially leads
to the underestimation of the effect, as only its short-run component can be captured. Turning to
a multi-country panel, on the other hand, alters the interpretation of the results and hence it is
not possible to develop policy recommendations for a single country. What is more, due to limited
cross-sectional dimension of the panel (such analyses comprise usually only a few economies) the
application of some macroeconometric panel techniques may result in biased estimates.

Our attempt to overcome this difficulty consists in designing the panel in a different manner
(see Konopczak and Torój, 2010). Namely, its cross-sectional dimension is obtained by means of
sectoral disaggregation, i.e. the price, productivity, wage and markup differentials are computed
as a difference between the tradable sector (NACE rev.1.1. section D) and non-tradable subsectors
(NACE rev 1.1. sections C, E, F, G, H, I, J, K, L, M, N, O). Thus, the relation between the
tradable sector and various sub-sectors of the non-tradable sector serves as the unit dimension.
This allows to concentrate on the single economy perspective and, at the same time, improve the
efficiency of the estimation by applying panel econometric techniques.
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Chapter 2

2 Econometric issues

The inference on the stationarity of the analysed series and the existence of the long-run equilibrium
among them is based on the results of both first and second generation tests. On the one hand,
the former tests are widely-spread in the literature and, therefore, their application makes it
possible to compare the obtained results with the previous studies. On the other hand, they
assume cross-sectional independence. If this assumption is violated, however, first generation
tests suffer from serious size distortions, which results in over-rejection of non-stationarity null
(Banerjee et al., 2005). Owing to strong inter-economy linkages, the risk of cross-correlation in
our data is non-negligible. For this reason we additionally apply second generation tests allowing
for cross-sectional dependence.

2.1 Panel unit root tests

From the available unit root tests we choose those that allow for heterogeneity across the
cross-sectional dimension in terms of the autoregressive coefficient, since according to Monte
Carlo simulations (Im et al., 2003) such tests yield higher power compared to those based on
the supposition of common persistence parameter across cross-sectional units.

According to the null hypothesis of all the applied tests, all cross-sectional processes contain a unit
root:

H0 : αi − 1 = 0, (10)

where αi denotes the persistence parameter, while the alternative hypothesis is given by

H1 : αi − 1 < 0 (11)

for at least one i (i=1,...,N ), where N is the number of cross-sectional units. The alternative
hypothesis may be interpreted as a non-zero fraction of the processes being stationary.

From the first generation panel unit root tests we choose the Im, Pesaran and Shin test (IPS, Im
et al., 2003) and Fisher-type Dickey-Fuller test (Maddala and Wu, 1999). The Im, Pesaran and
Shin statistics is obtained by a two-step procedure. In the first step a separate ADF regression is
estimated for each cross-sectional unit:

∆yi,t = α0i + (αi − 1)yi,t−1 +
Ki∑

k=1
βik∆yi,t−k + εi,t. (12)

12

In the second step the average t-statistics for the persistence coefficient is computed:

IPS = N−1
N∑

i=1
t(αi−1) (13)

The standardised IPS statistics1 has an asymptotic (with N → ∞) standard normal distribution.

Maddala and Wu (1999) propose an alternative test based on the Fisher’s (1932) method of
combining significance levels of the independent tests with the same set of hypotheses. The test
statistics is given by:

−2
N∑

i=1
log(pi), (14)

where pi denotes the p-value from the individual ADF test. In the limit (with T → ∞) , the test
has a χ2

2N distribution.

From the second generation tests we choose the cross-sectionally augmented IPS (CIPS) test as
proposed by Pesaran (2003), which assumes that the cross-correlation can be ascribed to a single
unobserved common factor (ft):

∆yi,t = α0i + (αi − 1)yi,t−1 +
∑Ki

k=1 βik∆yi,t−k + ui,t

ui,t = λift + εi,t.
(15)

Pesaran proposes to proxy the common factor by cross-sectional mean of levels and differences
of the series of interest and their lagged values. The cross-sectionally augmented ADF regression
takes the following form:

∆yi,t = α0i + (αi − 1)yi,t−1 + γiȳt−1 + δi∆ȳt +
Ki∑

k=1
βik∆yi,t−k + εi,t, (16)

where ȳt = N−1 ∑N
i=1 yi,t, and ∆ȳt = N−1 ∑N

i=1 ∆yi,t.

Like in the case of the IPS test, the CIPS statistics is obtained by cross-sectionally averaging the
t-statistics for the persistence coefficient:

CIPS = N−1
N∑

i=1
t(αi−1). (17)

The CIPS statistics has a non-standard limiting distribution and the critical values are taken from
Pesaran (2003).

13
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2 Econometric issues

The inference on the stationarity of the analysed series and the existence of the long-run equilibrium
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the former tests are widely-spread in the literature and, therefore, their application makes it
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In the second step the average t-statistics for the persistence coefficient is computed:
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The standardised IPS statistics1 has an asymptotic (with N → ∞) standard normal distribution.

Maddala and Wu (1999) propose an alternative test based on the Fisher’s (1932) method of
combining significance levels of the independent tests with the same set of hypotheses. The test
statistics is given by:
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where pi denotes the p-value from the individual ADF test. In the limit (with T → ∞) , the test
has a χ2

2N distribution.
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∆yi,t = α0i + (αi − 1)yi,t−1 + γiȳt−1 + δi∆ȳt +
Ki∑

k=1
βik∆yi,t−k + εi,t, (16)

where ȳt = N−1 ∑N
i=1 yi,t, and ∆ȳt = N−1 ∑N

i=1 ∆yi,t.

Like in the case of the IPS test, the CIPS statistics is obtained by cross-sectionally averaging the
t-statistics for the persistence coefficient:

CIPS = N−1
N∑

i=1
t(αi−1). (17)

The CIPS statistics has a non-standard limiting distribution and the critical values are taken from
Pesaran (2003).
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Other second generation panel unit root tests proposed in the literature, e.g. by Bai and Ng (2004)
or Moon and Perron (2004), allow for a multifactor error structure, which may better reflect the
true data generating process. Those tests are, however, dedicated to panels with a considerable
time and cross-sectional dimension of the panel, which is not the case in our empirical analysis.

2.2 Panel cointegration tests

We test for the presence of cointegration by means of three panel cointegration tests – two
Engle-Granger-based tests, the Pedroni test (Pedroni, 2004) and the Westerlund test (Westerlund,
2007), and the Johansen-type Fisher test (Maddala and Wu, 1999).

The Pedroni test is residual-based, in that it consists in applying a unit root test to the residuals
of the cointegration regression in order to verify the null hypothesis of no cointegration against the
alternative hypothesis of cointegration in all cross-sectional units. There are seven test statistics
available, four of which assume homogenous persistence parameters of the residuals series across
the cross-sectional units (panel statistics) and three allow for heterogeneity in this respect (mean
group statistics). Owing to the considerable risk of heterogeneity bias in the case of the analysed
dataset we confine our attention to mean group statistics. In the case of those statistics the
cointegration equation:

yi,t = α0i + βixi,t + εi,t (18)

is estimated separately for each cross-sectional unit by means of the ordinary least squares.
According to the results of Monte Carlo experiments (Pedroni, 2004), the group ADF statistics is
the most powerful test for small temporal dimension of the panel (T inferior to 20), which is the
case in our analysis. The ADF statistics also performs best in the presence of cross-correlation
(Wagner and Hlouskova, 2010). For these reasons the statistical inference will be based on this
statistics solely.

The group ADF statistics is computed on the basis of the estimates of the following equation:

∆ε̂i,t = α0i + (αi − 1)ε̂i,t−1 +
Ki∑

k=1
βik∆ε̂i,t−k + ϑi,t, (19)

where ε̂i,t denotes series of estimated residuals from the cointegration equation. The formula for
the statistics is given by:

Z̃ADF =
N∑

i=1
(ŝ2

i

T∑
t=1

ε̂2
i,t−1)− 1

2

T∑
t=1

(ε̂i,t−1∆ε̂i,t), (20)

where ŝ2
i = 1

T

∑T
t=1 ϑ̂2

i,t. The standardized2 test statistics has an asymptotic standard normal
distribution.
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Westerlund (2007) proposed an alternative approach to residual-based tests for panel cointegration.
It consists in testing the significance of the error correction term (yi,t−1 −βixi,t−1) within the error
correction model:

∆yi,t = α0i + αi(yi,t−1 − βixi,t−1) +
pi∑

j=1
αij∆yi,t−j +

pi∑
j=1

γij∆xi,t−j + εi,t. (21)

The model is estimated by means of least squares in a reparameterised form:

∆yi,t = α0i + αiyi,t−1 + λixi,t−1 +
pi∑

j=1
αij∆yi,t−j +

pi∑
j=1

γij∆xi,t−j + εi,t, (22)

where λi = −αiβi. Four tests based on the estimates of αi and its t-ratio are available, two of
which are mean group statistics (the alternative hypothesis assumes that a non-zero fraction of
units is cointegrated) and two are panel statistics (alternative hypothesis of cointegration in all
cross-sectional units). According to Monte Carlo experiments (Westerlund, 2007) two of those
statistics – mean group τ (Gτ ) and panel τ (Pτ ) – seem to outperform the other two (mean-group
α and panel α) in terms of power, size and robustness to cross-sectional dependence. For this
reason we base our analysis on the results of these two tests.

In the case of mean group statistics equation (22) is estimated separately for each i and the Gτ

statistics is specified as follows:

Gτ = N−1
N∑

i=1
tα̂i

. (23)

The panel statistics is obtained by means of a three-step procedure. In the first step two regressions
are run separately for each cross-sectional unit:

∆yi,t = α0i + λixi,t−1 +
pi∑

j=1
αij∆yi,t−j +

pi∑
j=1

γij∆xi,t−j + εi,t (24)

and

yi,t = α0i + λixi,t−1 +
pi∑

j=1
αij∆yi,t−j +

pi∑
j=1

γij∆xi,t−j + εi,t. (25)

Subsequently, the projection errors, ∆ỹi,t = ∆yi,t − ∆ŷi,t and ỹi,t = yi,t − ŷi,t, are computed and
on their basis the common error correction parameter, α, is estimated. The Pτ statistics is the
t-ratio for α̂.

Applying the Fisher’s (1932) method of combining p-values of independent tests, Maddala and Wu
(1999) proposed a test based on Johansen’s trace and maximum eigenvalue statistics:

−2
N∑

i=1
log(pi) → χ2

2,N . (26)
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2.3 Estimation of the cointegration vectors

As proven by Kao and Chiang (2000) the least squares estimator is inconsistent when applied to
cointegrated panel variables. For this reason the cointegration vectors of the long-run relationships
are estimated by means of the fully-modified ordinary least squares (FMOLS) proposed by Phillips
and Moon (1999), building upon Phillips and Hansen (1990) and the dynamic ordinary least
squares estimators (DOLS) proposed by Kao and Chiang (2000), basing on Saikkonen (1991).
Both estimators are asymptotically efficient and allow for serial correlation and endogeneity of
regressors in the cointegration equation. In the limit both estimators are equivalent (Banerjee,
1999).

The FMOLS estimator involves a two-step procedure. In the first stage the long-run covariance
is estimated on the basis on the OLS-regression estimates and subsequently the OLS estimator is
corrected by factors derived in the first step. Let us consider the following panel system:




yit = αi + βxit + µit

xit = xit−1 + εit

i = 1, ..., N (27)

Vector error process ξit = [µit, εit]T is stationary, which is equivalent to cointegration of the
analysed variables.

We denote by Ωi =
[

Ωµ Ωµε

Ωεµ Ωε

]
the long-run covariance matrix of the error process, i.e.

Ωi =
∞∑

k=−∞

Γk
i = Γ0

i +
∞∑

k=1
(Γk

i + Γk T
i ), (28)

where Γk
i = E(ξk

i ξ0 T
i ) is the autocovariance matrix of order k. The consistent estimator of long-run

covariance matrix is given by:
Ω̂i = Γ̂0

i + Γ̂i + Γ̂T
i , (29)

where Γ̂i is a weighted sum of estimated autocovariances obtained by means of kernel estimation.
The estimated matrix may be Cholesky-decomposed:

Ω̂i = L̂iL̂
T
i , (30)

where L̂i =
[

L̂11i 0
L̂21i L̂22i

]
is the lower triangular decomposition of Ω̂i, normalised so that L̂22i =

Ω̂− 1
2

22i .
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The endogeneity correction is achieved by means of the following transformation:

y∗
it = yit − L̂21i

L̂22i

∆xit, (31)

while the serial correlation correction term is given by the following formula:

γ̂i = Γ̂21i + Γ̂021i − L̂21i

L̂22i

(Γ̂22i + Γ̂021i) (32)

The correction terms are applied to the OLS estimator in the following manner:

β̂F MOLS = 1
N

N∑
i=1

(
T∑

t=1
(xit − x̄i)2)−1(

T∑
t=1

(xit − x̄i)y∗
it − T γ̂i) (33)

and the t-statistics for β̂ has an asymptotical standard normal distribution.

The DOLS estimator, on the other hand, corrects for the endogeneity problem by augmenting the
regression with leads and lags of first difference of independent variables. The estimation equation
has the following specification:

yit = α + βxit +
P∑

p=−P

δp∆xit−p + ui + εit (34)

The estimator is given as:

β̂DOLS = 1
n

n∑
i=1

(
T∑

t=1
zitz

′

it)−1(
T∑

t=1
zityit), (35)

where zit = (xit − xi, ∆xit−P , ..., ∆xit+P ) constitutes a vector of regressors.
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Chapter 3

3 Empirical findings

3.1 Baseline model

The specification of the model used for the estimation of the Balassa-Samuelson effect is
conditional upon the results of integration and cointegration tests. In all analysed economies the
results of unit root tests indicate non-stationarity of relative prices and relative productivities
(Table 4 and 5). First-generation tests unequivocally point to I(1)-ness of these variables. CIPS
test, however, suggests that some variables may be of higher degree of integration. Nevertheless,
due to the lack of any theoretical underpinnings supporting their integration of order 2, it was
assumed that all variables are difference-stationary. Hence the application of panel cointegration
tests was possible.

The applied cointegration tests in the case of all countries strongly reject the null hypothesis of no
cointegration between relative prices and relative productivities, and thereby suggest the existence
of long-run relationship implied by the Balassa-Samuelson hypothesis. Therefore, the following
panel error correction model constitutes the basis for the estimation of the Balassa-Samuelson
effect:

∆pCEEC_EA
diffjt

= β0 + β1∆l̃CEEC_EA
diffjt

+ γ ˆECT jt−1 + uj + εjt

ˆECT jt = pCEEC_EA
diffjt

− δ̂0 − δ̂1 l̃CEEC_EA
diffjt

,
(36)

where CEEC = {PL, CZ, HU, SK}.

Table 4: Panel unit root tests of pCEEC_EA
diffj

Variable IPS ADF CIPS

pP L_EA
diffjt

−1.15 28.29 −1.53

∆pP L_EA
diffjt

−2.71∗∗∗ 43.61∗∗∗ −3.07∗∗

pCZ_EA
diffjt

5.41 11.37 −1.32

∆pCZ_EA
diffjt

−8.67∗∗∗ 112.35∗∗∗ −2.98∗∗

pHU_EA
diffjt

−0.42 22.29 −1.54

∆pHU_EA
diffjt

−3.45∗∗∗ 52.16∗∗∗ −2.04

pSK_EA
diffjt

1.90 10.13 −1.10

∆pSK_EA
diffjt

−8.17∗∗∗ 101.80∗∗∗ −3.15∗∗

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.
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Table 5: Panel unit root tests of l̃CEEC_EA
diffj

Variable IPS ADF CIPS

l̃P L_EA
diffjt

1.45 19.07 −1.41

∆l̃P L_EA
diffjt

−2.28∗∗∗ 45.45∗∗∗ −1.99

l̃CZ_EA
diffjt

1.60 22.68 −1.83

∆l̃CZ_EA
diffjt

−8.12∗∗∗ 104.05∗∗∗ −2.67∗

l̃HU_EA
diffjt

−0.42 25.47 −1.16

∆l̃HU_EA
diffjt

−5.30∗∗∗ 69.80∗∗∗ −2.66∗

l̃SK_EA
diffjt

1.07 21.05 −1.63

∆l̃SK_EA
diffjt

−10.99∗∗∗ 135.31∗∗∗ −2.44∗

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.

Table 6: Panel cointegration tests between pCEEC_EA
diffjt

and l̃CEEC_EA
diffjt

Country PL CZ HU SK
Pedroni Panel Cointegration Test

P GADF −3.64∗∗∗ −4.13∗∗∗ −2.40∗∗ −6.05∗∗∗

Johansen-Fisher Cointegration Test

trace statistics

r = 0 44.14∗∗∗ 58.03∗∗∗ 48.87∗∗∗ 55.60∗∗∗

r ≤ 1 31.94 27.30 26.01 11.82

maximum eigenvalue statistics

r = 0 38.52∗∗∗ 54.27∗∗∗ 46.62∗∗∗ 60.42∗∗∗

r ≤ 1 31.94 27.30 26.01 11.82

Westerlund Panel Cointegation Tests

Gτ −13.35∗∗∗ −10.33∗∗ −12.30∗∗∗ −9.70∗

Pτ −27.11∗∗∗ −6.77∗∗ −14.16∗∗∗ −13.99∗∗∗

Notes: Westerlund statistics were computed via the xtwest procedure implemented in STATA (see Persyn and Westerlund
(2008) for reference). One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%,
respectively.
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The coefficients were estimated by applying the two-step Engle-Granger procedure. In the first
step the cointegration vector coefficients were obtained using FMOLS and DOLS estimators3.
Those estimates were next used to compute the error correction term. The ECM model was
estimated by means of the least squares dummy variable (LSDV) estimator.

The estimates of β1 and δ1, i.e. the short- and long-run elasticity, indicate the extent to
which relative productivity growth translates into relative price growth in CEECs versus the euro
area. Thereby they reflect the magnitude of the pass-through in the Balassa-Samuelson model.
Table 7 presents the estimates of elasticities (δ̂1 and β̂1), as well as error correction coefficients
(γ̂) obtained by means of Engle-Granger procedure.

In all economies under consideration both short- and long-run elasticities are highly significant and
correctly signed. Negative error correction coefficients provide strong support for the existence
of the long-run equilibrium and imply half-life of the adjustment from less than two years in
the case of the Czech Republic to over three years in Slovakia. Contrary to the predictions
of the theoretical model, in all analysed economies long-run elasticities are substantially less
than unity, implying incomplete pass-through in the Balassa-Samuelson model. However, the
obtained results point to considerable heterogeneity in this respect among the considered CEECs.
The weakest mechanism seems to be present in Poland and Hungary, where only about half of
relative productivity growth passes through to relative price growth versus the euro area (47%
and 53% respectively). In Slovakia the pass-through reaches 60%. The mechanism is strongest
in the Czech Republic – the estimated long-run elasticity amounts to 0.81 and almost half of the
differences in relative productivity growth is reflected in the differential inflation rate versus the
euro area already in the first year (the short-run elasticity equal to 0.49).

Table 7: Estimation results of the Balassa-Samuelson model – baseline version

Country δ̂1 β̂1 γ̂ R2

PL 0.47∗∗∗ 0.11∗∗∗ −0.26∗∗∗ 0.33
CZ 0.81∗∗∗ 0.49∗∗∗ −0.32∗∗∗ 0.39
HU 0.53∗∗∗ 0.24∗∗∗ −0.27∗∗∗ 0.26
SK 0.60∗∗∗ 0.29∗∗∗ −0.18∗∗∗ 0.33

Notes: Cointegration vector coefficients were obtained using DOLS estimator. R2 denotes the ’within’ coefficient of
determination. One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.

The results indicating incomplete pass-through in the Balassa-Samuelson model in the case of
the CEECs are consistent with numerous previous studies (Table 8). The question of factors
which contributed to the weakening of the mechanisms, however, so far has been neglected in the
literature. The remainder of the paper aims to contribute to filling this gap.
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The coefficients were estimated by applying the two-step Engle-Granger procedure. In the first
step the cointegration vector coefficients were obtained using FMOLS and DOLS estimators3.
Those estimates were next used to compute the error correction term. The ECM model was
estimated by means of the least squares dummy variable (LSDV) estimator.

The estimates of β1 and δ1, i.e. the short- and long-run elasticity, indicate the extent to
which relative productivity growth translates into relative price growth in CEECs versus the euro
area. Thereby they reflect the magnitude of the pass-through in the Balassa-Samuelson model.
Table 7 presents the estimates of elasticities (δ̂1 and β̂1), as well as error correction coefficients
(γ̂) obtained by means of Engle-Granger procedure.

In all economies under consideration both short- and long-run elasticities are highly significant and
correctly signed. Negative error correction coefficients provide strong support for the existence
of the long-run equilibrium and imply half-life of the adjustment from less than two years in
the case of the Czech Republic to over three years in Slovakia. Contrary to the predictions
of the theoretical model, in all analysed economies long-run elasticities are substantially less
than unity, implying incomplete pass-through in the Balassa-Samuelson model. However, the
obtained results point to considerable heterogeneity in this respect among the considered CEECs.
The weakest mechanism seems to be present in Poland and Hungary, where only about half of
relative productivity growth passes through to relative price growth versus the euro area (47%
and 53% respectively). In Slovakia the pass-through reaches 60%. The mechanism is strongest
in the Czech Republic – the estimated long-run elasticity amounts to 0.81 and almost half of the
differences in relative productivity growth is reflected in the differential inflation rate versus the
euro area already in the first year (the short-run elasticity equal to 0.49).

Table 7: Estimation results of the Balassa-Samuelson model – baseline version

Country δ̂1 β̂1 γ̂ R2

PL 0.47∗∗∗ 0.11∗∗∗ −0.26∗∗∗ 0.33
CZ 0.81∗∗∗ 0.49∗∗∗ −0.32∗∗∗ 0.39
HU 0.53∗∗∗ 0.24∗∗∗ −0.27∗∗∗ 0.26
SK 0.60∗∗∗ 0.29∗∗∗ −0.18∗∗∗ 0.33

Notes: Cointegration vector coefficients were obtained using DOLS estimator. R2 denotes the ’within’ coefficient of
determination. One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.

The results indicating incomplete pass-through in the Balassa-Samuelson model in the case of
the CEECs are consistent with numerous previous studies (Table 8). The question of factors
which contributed to the weakening of the mechanisms, however, so far has been neglected in the
literature. The remainder of the paper aims to contribute to filling this gap.
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3.2 Extended model

The empirical operationalisation of the extended Balassa-Samuelson model is the following wage-
and markup-augmented ECM:

∆pCEEC_EA
diffjt

= β
′

0 + β
′

1∆l̃CEEC_EA
diffjt

+ β
′

2∆wCEEC_EA
diffjt

+ β
′

3∆mCEEC_EA
diffjt

+γ
′ ˆECT jt−1 + uj + εjt

ˆECT jt = pCEEC_EA
diffjt

− δ̂
′

0 − δ̂
′

1 l̃CEEC_EA
diffjt

− δ̂
′

2wCEEC_EA
diffjt

− δ̂
′

3mCEEC_EA
diffjt

.

(37)

The estimation of the coefficients is preceded by testing the degree of integration of relative wages
and markups and the existence of long-run relationship within the extended set of variables.
The results of panel unit root tests indicate difference-stationarity of relative wages (Table 9),
hence cross-sectoral non-homogeneity of wages. In the case of relative markups the results are
mixed (Table 10). First generation tests reject the null hypothesis of non-stationarity at the 10%
significance level in the case of Poland, the Czech Republic and Slovakia. However, considering
the size distortion of first generation tests, as well as the results of the CIPS test, further analysis
assumes that these variables are integrated of order one, which allows to conduct cointegration
analysis.

The results of panel cointegration tests (Table 11) consistently indicate the existence of a
long-run relationship between relative prices, productivity, wages and markups. Johansen tests
suggest that there is more than one cointegrating vector, which may be due to their size distortion.
However, should the test results correctly identify the underlying data generating process, the
estimation results obtained using Engle-Granger procedure ought to be interpreted with caution.

The results of the extended model estimation (Table 12) point to an improvement in the
goodness of fit relative to the baseline model. Moreover, in all cases augmenting the baseline
model with trajectories of relative wages and markups significantly increases the estimated
magnitude of the Balassa-Samuelson mechanism. This suggests that failing to fulfil the theoretical
model assumptions regarding the labour and the product markets was one of factors contributing
to the weakening of the pass-through.

22

Table 9: Panel unit root tests of wCEEC_EA
diffjt

Variable IPS ADF CIPS

wP L_EA
diffjt

−0.15 24.26 −1.43

∆wP L_EA
diffjt

−7.70∗∗∗ 97.92∗∗∗ −2.57∗

wCZ_EA
diffjt

−0.56 30.67 −1.58

∆wCZ_EA
diffjt

−6.78∗∗∗ 90.00∗∗∗ −3.27∗∗

wHU_EA
diffjt

−1.38∗ 31.78 −1.71

∆wHU_EA
diffjt

−4.42∗∗∗ 62.64∗∗∗ −2.57∗

wSK_EA
diffjt

0.24 21.59 −0.61

∆wSK_EA
diffj

−9.35∗∗∗ 116.37∗∗∗ −3.13∗∗

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.

Table 10: Panel unit root tests of mCEEC_EA
diffjt

Variable IPS ADF CIPS

mP L_EA
diffjt

−0.96 33.78∗ −1.70

∆mP L_EA
diffjt

−5.63∗∗∗ 75.03∗∗∗ −2.32∗

mCZ_EA
diffjt

−1.63∗ 31.96 −2.12

∆mCZ_EA
diffjt

−4.55∗∗∗ 45.10∗∗∗ −3.11∗∗

mHU_EA
diffjt

−0.59 19.97 −1.37

∆mHU_EA
diffjt

−6.56∗∗∗ 83.39∗∗∗ −2.87∗∗

mSK_EA
diffjt

−1.43∗ 34.20∗ −2.02

∆mSK_EA
diffjt

−3.76∗∗∗ 54.58∗∗∗ −2.35∗

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.
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3.2 Extended model

The empirical operationalisation of the extended Balassa-Samuelson model is the following wage-
and markup-augmented ECM:

∆pCEEC_EA
diffjt

= β
′

0 + β
′

1∆l̃CEEC_EA
diffjt

+ β
′

2∆wCEEC_EA
diffjt

+ β
′

3∆mCEEC_EA
diffjt

+γ
′ ˆECT jt−1 + uj + εjt

ˆECT jt = pCEEC_EA
diffjt

− δ̂
′

0 − δ̂
′

1 l̃CEEC_EA
diffjt

− δ̂
′

2wCEEC_EA
diffjt

− δ̂
′

3mCEEC_EA
diffjt

.

(37)

The estimation of the coefficients is preceded by testing the degree of integration of relative wages
and markups and the existence of long-run relationship within the extended set of variables.
The results of panel unit root tests indicate difference-stationarity of relative wages (Table 9),
hence cross-sectoral non-homogeneity of wages. In the case of relative markups the results are
mixed (Table 10). First generation tests reject the null hypothesis of non-stationarity at the 10%
significance level in the case of Poland, the Czech Republic and Slovakia. However, considering
the size distortion of first generation tests, as well as the results of the CIPS test, further analysis
assumes that these variables are integrated of order one, which allows to conduct cointegration
analysis.

The results of panel cointegration tests (Table 11) consistently indicate the existence of a
long-run relationship between relative prices, productivity, wages and markups. Johansen tests
suggest that there is more than one cointegrating vector, which may be due to their size distortion.
However, should the test results correctly identify the underlying data generating process, the
estimation results obtained using Engle-Granger procedure ought to be interpreted with caution.

The results of the extended model estimation (Table 12) point to an improvement in the
goodness of fit relative to the baseline model. Moreover, in all cases augmenting the baseline
model with trajectories of relative wages and markups significantly increases the estimated
magnitude of the Balassa-Samuelson mechanism. This suggests that failing to fulfil the theoretical
model assumptions regarding the labour and the product markets was one of factors contributing
to the weakening of the pass-through.
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diffjt

Variable IPS ADF CIPS

wP L_EA
diffjt

−0.15 24.26 −1.43

∆wP L_EA
diffjt

−7.70∗∗∗ 97.92∗∗∗ −2.57∗

wCZ_EA
diffjt

−0.56 30.67 −1.58
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diffjt

−6.78∗∗∗ 90.00∗∗∗ −3.27∗∗

wHU_EA
diffjt

−1.38∗ 31.78 −1.71
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diffjt

−4.42∗∗∗ 62.64∗∗∗ −2.57∗

wSK_EA
diffjt

0.24 21.59 −0.61

∆wSK_EA
diffj

−9.35∗∗∗ 116.37∗∗∗ −3.13∗∗

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.

Table 10: Panel unit root tests of mCEEC_EA
diffjt

Variable IPS ADF CIPS

mP L_EA
diffjt

−0.96 33.78∗ −1.70

∆mP L_EA
diffjt

−5.63∗∗∗ 75.03∗∗∗ −2.32∗

mCZ_EA
diffjt

−1.63∗ 31.96 −2.12

∆mCZ_EA
diffjt

−4.55∗∗∗ 45.10∗∗∗ −3.11∗∗

mHU_EA
diffjt

−0.59 19.97 −1.37
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diffjt
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−1.43∗ 34.20∗ −2.02
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Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.
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Table 11: Panel cointegration tests between pCEEC_EA
diffjt

, lCEEC_EA
diffjt

, wCEEC_EA
diffjt

and mCEEC_EA
diffjt

Country PL CZ HU SK
Pedroni Panel Cointegration Test

P GADF −2, 87∗∗ −3, 54∗∗∗ −3, 18∗∗∗ −1, 80∗∗

Johansen-Fisher Cointegration Test

trace statistics

r = 0 241, 60∗∗∗ 263, 40∗∗∗ 232, 60∗∗∗ 207, 20∗∗∗

r ≤ 1 108, 20∗∗∗ 92, 77∗∗∗ 96, 86∗∗∗ 84, 84∗∗∗

r ≤ 2 43, 91∗∗∗ 31, 23 44, 62∗∗∗ 28, 10

r ≤ 3 25, 94 18, 56 26, 34 19, 99

maximum eigenvalue statistics

r = 0 193, 10∗∗∗ 230, 00∗∗∗ 189, 10∗∗∗ 178, 40∗∗∗

r ≤ 1 90, 90∗∗∗ 89, 37∗∗∗ 78, 89∗∗∗ 79, 86∗∗∗

r ≤ 2 41, 18∗∗ 29, 33 40, 53∗∗∗ 26, 12

r ≤ 3 25, 94 18, 56 26, 34 19, 99

Westerlund Panel Cointegation Tests

Gτ −8, 34∗∗ −12, 35∗∗ −5, 84 −5, 27

Pτ −7, 99∗∗∗ −8, 69∗∗ −10, 07∗∗∗ −6, 43∗∗

Note: Westerlund statistics were computed via the xtwest procedure implemented in STATA (see Persyn and Westerlund
(2008) for reference). One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%,
respectively.

Table 12: Estimation results of the Balassa-Samuelson model – extended version

Country δ̂
′

1 δ̂
′

2 δ̂
′

3 β̂
′

1 β̂
′

2 β̂
′

3 γ̂
′

R2

PL 0.73∗∗∗ 0.59∗∗∗ 1.07∗∗∗ 0.56∗∗∗ 0.51∗∗∗ 1.02∗∗∗ −0.45∗∗∗ 0.60

CZ 0.88∗∗∗ 0.65∗∗∗ 0.77∗∗∗ 0.80∗∗∗ 0.63∗∗∗ 0.95∗∗∗ −0.34∗∗∗ 0.84

HU 0.70∗∗∗ 0.84∗∗∗ 1.04∗∗∗ 0.66∗∗∗ 0.60∗∗∗ 0.94∗∗∗ −0.37∗∗∗ 0.85

SK 0.77∗∗∗ 0.85∗∗∗ 1.04∗∗∗ 0.65∗∗∗ 0.64∗∗∗ 0.89∗∗∗ −0.35∗∗∗ 0.71

Notes: Cointegration vector coefficients were obtained using DOLS estimator. R2 denotes the ’within’ coefficient of
determination. One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.
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3.3 The effectiveness of labour and product market in absorbing the
Balassa-Samuelson effect

The incomplete transmission of relative productivity growth to relative price growth in CEECs, as
compared to the euro area, may to some extent be due to the relative wages and relative margins
trajectory being inconsistent with the theoretical assumptions, as the estimated magnitude of
the Balassa-Samuelson mechanism is greater when controlled for these factors. The important
question, however, is whether relative wages and markups can be treated as mechanisms absorbing
the Balassa-Samuelson effect. Below we propose tests which address this question.

The labour market in a given economy mitigates the convergence-induced inflationary pressure,
provided that three conditions are fulfilled: (1) there is a long-run relationship between wages in
the tradable and non-tradable sectors (operationalised using cointegration tests), (2) the direction
of this relationship is from wages in the tradable sector to wages in the non-tradable sector
(operationalised using causality tests), (3) the pass-through is incomplete, thus the long-term
elasticity is significantly lower than unity (operationalised using the test of restrictions on the
cointegrating vector). The labour market acts as the Balassa-Samuelson effect absorption channel,
if the mechanism of incomplete levelling of wages described above is stronger in a developing than
in a developed economy. Therefore the above mentioned conditions pertain to relative wages,
i.a. the difference between wages in sector j home and abroad, wCEEC_EA

j .

Table 13: Panel unit root tests of wCEEC_EA
Nj

Variable IPS ADF CIPS

wP L_EA
Njt

−1.14 31.62 −1.94

∆wP L_EA
Njt

−3.48∗∗∗ 51.86∗∗∗ −2.77∗

wCZ_EA
Njt

0.17 27.95 −1.64

∆wCZ_EA
Njt

−6.77∗∗∗ 83.63∗∗∗ −3.14∗∗

wHU_EA
Njt

3.61 13.48 −1.60

∆wHU_EA
Njt

−7.54∗∗∗ 90.81∗∗∗ −2.80∗∗

wSK_EA
Njt

1.30 24.09 −1.99

∆wSK_EA
Njt

−6.73∗∗∗ 85.04∗∗∗ −3.57∗∗

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.
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Table 11: Panel cointegration tests between pCEEC_EA
diffjt

, lCEEC_EA
diffjt

, wCEEC_EA
diffjt

and mCEEC_EA
diffjt

Country PL CZ HU SK
Pedroni Panel Cointegration Test

P GADF −2, 87∗∗ −3, 54∗∗∗ −3, 18∗∗∗ −1, 80∗∗

Johansen-Fisher Cointegration Test

trace statistics

r = 0 241, 60∗∗∗ 263, 40∗∗∗ 232, 60∗∗∗ 207, 20∗∗∗

r ≤ 1 108, 20∗∗∗ 92, 77∗∗∗ 96, 86∗∗∗ 84, 84∗∗∗

r ≤ 2 43, 91∗∗∗ 31, 23 44, 62∗∗∗ 28, 10

r ≤ 3 25, 94 18, 56 26, 34 19, 99

maximum eigenvalue statistics

r = 0 193, 10∗∗∗ 230, 00∗∗∗ 189, 10∗∗∗ 178, 40∗∗∗

r ≤ 1 90, 90∗∗∗ 89, 37∗∗∗ 78, 89∗∗∗ 79, 86∗∗∗

r ≤ 2 41, 18∗∗ 29, 33 40, 53∗∗∗ 26, 12

r ≤ 3 25, 94 18, 56 26, 34 19, 99

Westerlund Panel Cointegation Tests

Gτ −8, 34∗∗ −12, 35∗∗ −5, 84 −5, 27

Pτ −7, 99∗∗∗ −8, 69∗∗ −10, 07∗∗∗ −6, 43∗∗

Note: Westerlund statistics were computed via the xtwest procedure implemented in STATA (see Persyn and Westerlund
(2008) for reference). One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%,
respectively.

Table 12: Estimation results of the Balassa-Samuelson model – extended version

Country δ̂
′

1 δ̂
′

2 δ̂
′

3 β̂
′

1 β̂
′

2 β̂
′

3 γ̂
′

R2

PL 0.73∗∗∗ 0.59∗∗∗ 1.07∗∗∗ 0.56∗∗∗ 0.51∗∗∗ 1.02∗∗∗ −0.45∗∗∗ 0.60

CZ 0.88∗∗∗ 0.65∗∗∗ 0.77∗∗∗ 0.80∗∗∗ 0.63∗∗∗ 0.95∗∗∗ −0.34∗∗∗ 0.84

HU 0.70∗∗∗ 0.84∗∗∗ 1.04∗∗∗ 0.66∗∗∗ 0.60∗∗∗ 0.94∗∗∗ −0.37∗∗∗ 0.85

SK 0.77∗∗∗ 0.85∗∗∗ 1.04∗∗∗ 0.65∗∗∗ 0.64∗∗∗ 0.89∗∗∗ −0.35∗∗∗ 0.71

Notes: Cointegration vector coefficients were obtained using DOLS estimator. R2 denotes the ’within’ coefficient of
determination. One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.

24

3.3 The effectiveness of labour and product market in absorbing the
Balassa-Samuelson effect

The incomplete transmission of relative productivity growth to relative price growth in CEECs, as
compared to the euro area, may to some extent be due to the relative wages and relative margins
trajectory being inconsistent with the theoretical assumptions, as the estimated magnitude of
the Balassa-Samuelson mechanism is greater when controlled for these factors. The important
question, however, is whether relative wages and markups can be treated as mechanisms absorbing
the Balassa-Samuelson effect. Below we propose tests which address this question.

The labour market in a given economy mitigates the convergence-induced inflationary pressure,
provided that three conditions are fulfilled: (1) there is a long-run relationship between wages in
the tradable and non-tradable sectors (operationalised using cointegration tests), (2) the direction
of this relationship is from wages in the tradable sector to wages in the non-tradable sector
(operationalised using causality tests), (3) the pass-through is incomplete, thus the long-term
elasticity is significantly lower than unity (operationalised using the test of restrictions on the
cointegrating vector). The labour market acts as the Balassa-Samuelson effect absorption channel,
if the mechanism of incomplete levelling of wages described above is stronger in a developing than
in a developed economy. Therefore the above mentioned conditions pertain to relative wages,
i.a. the difference between wages in sector j home and abroad, wCEEC_EA

j .

Table 13: Panel unit root tests of wCEEC_EA
Nj

Variable IPS ADF CIPS

wP L_EA
Njt

−1.14 31.62 −1.94

∆wP L_EA
Njt

−3.48∗∗∗ 51.86∗∗∗ −2.77∗

wCZ_EA
Njt

0.17 27.95 −1.64

∆wCZ_EA
Njt

−6.77∗∗∗ 83.63∗∗∗ −3.14∗∗

wHU_EA
Njt

3.61 13.48 −1.60

∆wHU_EA
Njt

−7.54∗∗∗ 90.81∗∗∗ −2.80∗∗

wSK_EA
Njt

1.30 24.09 −1.99

∆wSK_EA
Njt

−6.73∗∗∗ 85.04∗∗∗ −3.57∗∗

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.
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Table 14: ADF and KPSS tests of wCEEC_EA
T

Country PL CZ HU SK

ADF

wCEEC_EA
T −2.63 0.23 −1.15 −2.37

∆wCEEC_EA
T −2.52 −4.58∗∗∗ −3.77∗∗ −4.06∗∗

KPSS

wCEEC_EA
T 0.15∗∗ 0.18∗∗ 0.17∗∗ 0.16∗∗

∆wCEEC_EA
T 0.31 0.41∗ 0.46∗ 0.44∗

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.

Table 15: Test for the effectiveness of the labour market (1): the cointegration test
Country PL CZ HU SK

Pedroni Panel Cointegration Test

P GADF −1.98∗∗ −2.66∗∗∗ −6.17∗∗∗ −2.17∗∗

Johansen-Fisher Cointegration Test

trace statistics

r = 0 62.67∗∗∗ 54.08∗∗∗ 86.89∗∗∗ 77.04∗∗∗

r ≤ 1 25.82 16.24 19.94 17.32

maximum eigenvalue statistics

r = 0 60.39∗∗∗ 56.92∗∗∗ 89.12∗∗∗ 80.62∗∗∗

r ≤ 1 25.82 16.24 19.94 17.32

Westerlund Panel Cointegation Tests

Gτ −11.56∗∗∗ −10.95∗∗∗ −10.54∗∗ −10.55∗∗

Pτ −14.18∗∗∗ −7.68∗∗∗ −12.49∗∗∗ −12.50∗∗∗

Note: Westerlund statistics were computed via the xtwest procedure implemented in STATA (see Persyn and Westerlund
(2008) for reference). One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%,
respectively.

Panel unit root tests unequivocally indicate that wages in the non-tradable sectors in CEECs
relative to the euro area (variable wCEEC_EA

Nj
) are integrated of order one (Table 13). The results

of ADF and KPSS tests for relative wages in the tradable sector (variable wCEEC_EA
T ), however,

are mixed (Table 14). While both point to the non-stationarity of series, in the case of Poland
the ADF test fails to reject the null hypothesis of non-stationarity of first differences, whereas
for all other countries the KPSS test rejects the null hypothesis of stationarity of first differences
at the 10% significance level. Nevertheless, due to the lack of theoretical underpinnings for the
non-stationarity of growth rate of wages and considering the shortness of the series, we assumed
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that all relative wages in the tradable sector are I(1), which allows to apply cointegration tests.

The results of cointegration tests (Table 15) indicate that in all cases there exists a long-run
relationship between wages in the tradable and the non-tradable sector. This implies causality in
at least one direction.

Let us consider the following system of error-correction equations:

∆wCEEC_EA
Nj ,t = βw

0 + βw
1 ∆wCEEC_EA

T,t + γw ˆECT jt−1 + uj + εjt

∆wCEEC_EA
T,t = βw′

0 + βw′

1 ∆wCEEC_EA
Nj ,t + γw′ ˆECT jt−1 + vj + εit

ˆECT jt = wCEEC_EA
Nj ,t − δ̂w

0 − δ̂w
1 wCEEC_EA

T,t .

(38)

Should the null hypothesis of insignificance of γw be rejected, wages in the tradable sector cause
wages in the non-tradable sector in the long-run. The causality is reverse (wages in the non-tradable
sector cause wages in the tradable sector), if the hypothesis can be rejected with respect to γ′.

Table 16: Test for the effectiveness of the labour market (2): the causality test

Country γ̂w ˆγw′

PL −0.23∗∗∗ 0.03

CZ −0.27∗∗∗ 0.01

HU −0.38∗∗∗ 0.19∗∗∗

SK −0.30∗∗∗ −0.05

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.

The results of causality tests (Table 16) indicate that in all cases wages in the tradable sector
cause wages in the non-tradable sector in the long-run. Only Hungary exhibits reverse long-run
causality. In the case of Poland, the Czech Republic and Slovakia wages in the tradable sector are
therefore weakly exogenous, hence constitute a stochastic trend driving wages in the non-tradable
sector.

Table 17: Test for the effectiveness of the labour market (3): elasticity estimates

Country δ̂w
1 H0 : δ̂w

1 = 1

PL 1.18∗∗∗ 21.3∗∗∗

CZ 1.13∗∗∗ 8.26∗∗∗

HU 1.36∗∗∗ 39.84∗∗∗

SK 0.86∗∗∗ 9.69∗∗∗

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.
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non-stationarity of growth rate of wages and considering the shortness of the series, we assumed
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that all relative wages in the tradable sector are I(1), which allows to apply cointegration tests.

The results of cointegration tests (Table 15) indicate that in all cases there exists a long-run
relationship between wages in the tradable and the non-tradable sector. This implies causality in
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Let us consider the following system of error-correction equations:
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sector cause wages in the tradable sector), if the hypothesis can be rejected with respect to γ′.

Table 16: Test for the effectiveness of the labour market (2): the causality test
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CZ −0.27∗∗∗ 0.01

HU −0.38∗∗∗ 0.19∗∗∗

SK −0.30∗∗∗ −0.05

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.
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causality. In the case of Poland, the Czech Republic and Slovakia wages in the tradable sector are
therefore weakly exogenous, hence constitute a stochastic trend driving wages in the non-tradable
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The third element of the labour market effectiveness test is the estimate of the long-run elasticity
of wages in non-tradable sectors with respect to wages in the tradable sector (Table 17). The
estimation results indicate that all long-run elasticities are significantly different from unity,
which is consistent with the results of relative wages integration tests (Table 9). However, the
pass-through is incomplete only in the case of Slovakia. In all other countries wages not only level
off across sectors, but even overshoot, which is evidenced by the long-run elasticity significantly
greater than unity.

Joint results of the test for the effectiveness of the labour market indicate that in the
analysed period it mitigated the Balassa-Samuelson effect only in Slovakia, as the transmission of
wage increases across sectors in the long-run was incomplete (long-run elasticity was significantly
lower than unity) and the direction thereof was consistent with the theoretical assumptions. In
the case of Poland and the Czech Republic the direction of the transmission was also correct,
meaning that the trajectory of relative wages constitute an element of the Balassa-Samuelson
mechanism. In those two economies the labour market, however, had an amplifying effect with
respect to catching-up induced inflationary pressure. In the case of Hungary, in turn, the causality
tests indicate that the trajectory of relative wages cannot be attributed solely to the behaviour
of wages in the tradable sector. Hence, there exists a different mechanism of cross-sectoral wage
formation than this described by Balassa and Samuelson.

Table 18: Panel unit root tests of mCEEC_EA
Nj

Variable IPS ADF CIPS

mP L_EA
Njt

−1.25 34.7∗ −1.94

∆mP L_EA
Njt

−5.59∗∗∗ 71.57∗∗∗ −2.93∗∗

mCZ_EA
Njt

−1.06 33.03 −2.19

∆mCZ_EA
Njt

−6.14∗∗∗ 78.94∗∗∗ −2.84∗∗

mHU_EA
Njt

−0.15 21.96 −1.48

∆mHU_EA
Njt

−3.89∗∗∗ 93.46∗∗∗ −2.43∗

mSK_EA
Njt

−0.91 26.14 −2.05

∆mSK_EA
Njt

−7.57∗∗∗ 93.32∗∗∗ −2.72∗

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.

In a given economy the product market dampens the Balassa-Samuelson mechanism, if an
increase in wages in the non-tradable sector which is not compensated with a respective increase
in productivity does not transmit in full to an increase in prices owing to a decrease in a profit
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margin. By analogy to the labour market, the conditions for the effectiveness of the product
market in absorbing convergence-driven inflationary pressure can be defined as follows: (1) there
exists a long-run relationship between wages and markups in the non-tradable sector, (2) the
direction of this relationship is from wages to markups, (3) elasticity of markups with respect to
wages is negative. Sectoral markups have been defined as markups over variable costs (i.e. the sum
of compensation of employees and intermediate inputs). This may be the source of endogeneity
in the model where markups are regressed against wages. Therefore productivity in the tradable
sector has been used as an instrument for wages in non-tradable sectors.

Panel unit root tests indicate that the markups in non-tradable sectors in the CEECs relative to
the euro area are I(1) (Table 18 ), as are the relative wages (Table 13). The results of cointegation
tests for this set of variables, in turn, are mixed: first generation tests suggest that there exists
a long-run relationship, but for Poland and Slovakia the Westerlund test fails to reject the null
hypothesis of no cointegration. In this case rejecting the null hypothesis may result in an error of
the first kind, since size distortions of the IPS test and the Fisher-based ADF test are possible in
the light of potential cross-sectional dependence.

Table 19: Test for the effectiveness of the product market (1): the cointegration test
Country PL CZ HU SK

Pedroni Panel Cointegration Test

P GADF −1.77∗∗ −3.98∗∗∗ −3.34∗∗∗ −5.65∗∗∗

Johansen-Fisher Cointegration Test

trace statistics

r = 0 56.88∗∗∗ 66.29∗∗∗ 66.75∗∗∗ 41.35∗∗

r ≤ 1 35.65∗ 34.22∗ 36.03∗ 29.63

maximum eigenvalue statistics

r = 0 51.89∗∗∗ 61.79∗∗∗ 62.50∗∗∗ 37.89∗∗

r ≤ 1 35.65∗ 34.22∗ 36.03∗ 29.63

Westerlund Panel Cointegation Tests

Gτ −2.93 −12.17∗∗∗ −10.01∗∗∗ −5.45

Pτ −5.84 −5.90∗ −5.98∗ −4.54

Note: Westerlund statistics were computed via the xtwest procedure implemented in STATA (see Persyn and Westerlund
(2008) for reference). One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%,
respectively.
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The third element of the labour market effectiveness test is the estimate of the long-run elasticity
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which is consistent with the results of relative wages integration tests (Table 9). However, the
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mechanism. In those two economies the labour market, however, had an amplifying effect with
respect to catching-up induced inflationary pressure. In the case of Hungary, in turn, the causality
tests indicate that the trajectory of relative wages cannot be attributed solely to the behaviour
of wages in the tradable sector. Hence, there exists a different mechanism of cross-sectoral wage
formation than this described by Balassa and Samuelson.
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increase in wages in the non-tradable sector which is not compensated with a respective increase
in productivity does not transmit in full to an increase in prices owing to a decrease in a profit
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margin. By analogy to the labour market, the conditions for the effectiveness of the product
market in absorbing convergence-driven inflationary pressure can be defined as follows: (1) there
exists a long-run relationship between wages and markups in the non-tradable sector, (2) the
direction of this relationship is from wages to markups, (3) elasticity of markups with respect to
wages is negative. Sectoral markups have been defined as markups over variable costs (i.e. the sum
of compensation of employees and intermediate inputs). This may be the source of endogeneity
in the model where markups are regressed against wages. Therefore productivity in the tradable
sector has been used as an instrument for wages in non-tradable sectors.

Panel unit root tests indicate that the markups in non-tradable sectors in the CEECs relative to
the euro area are I(1) (Table 18 ), as are the relative wages (Table 13). The results of cointegation
tests for this set of variables, in turn, are mixed: first generation tests suggest that there exists
a long-run relationship, but for Poland and Slovakia the Westerlund test fails to reject the null
hypothesis of no cointegration. In this case rejecting the null hypothesis may result in an error of
the first kind, since size distortions of the IPS test and the Fisher-based ADF test are possible in
the light of potential cross-sectional dependence.
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Country PL CZ HU SK
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By analogy to the labour market, we estimate the following system of error-correction equations:

∆mCEEC_EA
Nj ,t = βm

0 + βm
1 ∆wCEEC_EA

Nj ,t + γm ˆECT jt−1 + uj + εjt

∆wCEEC_EA
Nj ,t = βm′

0 + βm′

1 ∆mCEEC_EA
Nj ,t + γm′ ˆECT jt−1 + vj + εit

ˆECT jt = mCEEC_EA
Nj ,t − δ̂m

0 − δ̂m
1 wCEEC_EA

Nj ,t .

(39)

The estimation results of the cointegrating vector (Table 21) confirm the indication of the
Westerlund test. In the case of Poland and Slovakia there exists no long-run relationship between
markups and wages in non-tradable sectors. For the Czech Republic and Hungary, in turn,
long-run elasticities of markups to wages are significantly different from zero, and the direction
of the long-run causality (Table 20) is consistent with the theoretical predictions (from wages to
markups). Hence, in the case of the latter economies their product markets to some extent absorb
the inflationary pressure resulting from the convergence process.

Table 20: Test for the effectiveness of the product market (2): the causality test

Country γ̂m ˆγm′

PL – –

CZ −0.28∗∗∗ 0.14

HU −0.39∗∗∗ −0.12

SK – –

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.

Table 21: Test for the effectiveness of the product market (3): elasticity estimates

Country δ̂m
1

PL −0.03

CZ −0.06∗∗

HU −0.09∗∗∗

SK −0.01

Notes: One, two and three asterisks indicate statistical significance at the level of 10%, 5% and 1%, respectively.

3.4 Quantification of the Balassa-Samuelson effect

The quantification of the Balassa-Samuelson effect is given by the product of (1) the estimated
elasticities in the Balassa-Samuelson model, (2) the average growth rate of relative productivity,
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wages and markups over the sample period4, and (3) the share of the non-tradable sector in
the economy. The obtained quantification results indicate that the highest magnitude of the
Balassa-Samuelson effect over the sample period (1995-2010) was to be observed in the case of
Poland – on average the inflationary pressure driven by the catching-up process amounted to
3.3% per annum, hence it contributed to over 80% of inflation differentials versus the euro area. In
Hungary the effect was the weakest (on average 1.2 p.p. per annum) while the inflation differentials
vis-a-vis the euro area were the highest of all the considered economies (on average almost 7 p.p.).
Thereby, their considerable proportion was determined by factors other than the real convergence
process, one of them being arguably considerable dynamics of labour costs, which however was not
driven by the catching-up process (basing on the results of causality tests, Table 16). In Slovakia
and the Czech Republic the magnitude of the Balassa-Samuelson effect was moderate (on average
2.2 and 2.4 p.p., respectively) and to a large extent accounted for the observed inflation differentials
relative to the euro area (over 90%).

Table 22: Quantification of the Balassa-Samuelson effect – baseline vs. extended model

estimated Balassa-Samuelsn effect

Country

average inflation
differentials versus

the euro area baseline model

extended model (excl.
potential absorption

channels)

extended model (incl.
potential absorption

channels)

PL 4.0 p.p 1.9 p.p (48%) 2.9 p.p (72%) 3.3 p.p (83%)

CZ 2.3 p.p 1.6 p.p (76%) 1.9 p.p (81%) 2.2 p.p (94%)

HU 6.9 p.p 1.2 p.p (17%) 1.6 p.p (24%) 1.2 p.p (18%)

SK 2.5 p.p 1.9 p.p (76%) 2.5 p.p (99%) 2.3 p.p (92%)

Notes: Inflation differentials were computed on the basis of value-added deflators excluding agriculture and fishing (NACE
rev.1.1. sections A and B). Contributions of the Balassa-Samuelson effect to inflation differentials are presented in brackets.

The comparison of the effects quantified using estimation results of the baseline and the extended
model (Table 22) suggests that the baseline model specification – widely used in the literature –
leads to biased estimates. There are two reasons for the bias. First, ignoring the non-fulfilment of
theoretical model assumptions regarding wages and markups distorts estimation results of elasticity
of relative prices with respect to relative productivity (ommitted variable bias). Secondly, the effect
quantified on the basis of the baseline model does not take into account the possible mitigating
or amplifying impact of the labour and product markets with respect to the Balassa-Samuelson
mechanism. The problem is particularly evident in the case of Poland, where the effect quantified
according to the baseline model estimates is approximately 40% (1.4 p.p.) lower than according
to the wage- and markup-augmented model.
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By analogy to the labour market, we estimate the following system of error-correction equations:
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wages and markups over the sample period4, and (3) the share of the non-tradable sector in
the economy. The obtained quantification results indicate that the highest magnitude of the
Balassa-Samuelson effect over the sample period (1995-2010) was to be observed in the case of
Poland – on average the inflationary pressure driven by the catching-up process amounted to
3.3% per annum, hence it contributed to over 80% of inflation differentials versus the euro area. In
Hungary the effect was the weakest (on average 1.2 p.p. per annum) while the inflation differentials
vis-a-vis the euro area were the highest of all the considered economies (on average almost 7 p.p.).
Thereby, their considerable proportion was determined by factors other than the real convergence
process, one of them being arguably considerable dynamics of labour costs, which however was not
driven by the catching-up process (basing on the results of causality tests, Table 16). In Slovakia
and the Czech Republic the magnitude of the Balassa-Samuelson effect was moderate (on average
2.2 and 2.4 p.p., respectively) and to a large extent accounted for the observed inflation differentials
relative to the euro area (over 90%).

Table 22: Quantification of the Balassa-Samuelson effect – baseline vs. extended model

estimated Balassa-Samuelsn effect

Country

average inflation
differentials versus

the euro area baseline model

extended model (excl.
potential absorption

channels)

extended model (incl.
potential absorption

channels)

PL 4.0 p.p 1.9 p.p (48%) 2.9 p.p (72%) 3.3 p.p (83%)

CZ 2.3 p.p 1.6 p.p (76%) 1.9 p.p (81%) 2.2 p.p (94%)

HU 6.9 p.p 1.2 p.p (17%) 1.6 p.p (24%) 1.2 p.p (18%)

SK 2.5 p.p 1.9 p.p (76%) 2.5 p.p (99%) 2.3 p.p (92%)

Notes: Inflation differentials were computed on the basis of value-added deflators excluding agriculture and fishing (NACE
rev.1.1. sections A and B). Contributions of the Balassa-Samuelson effect to inflation differentials are presented in brackets.

The comparison of the effects quantified using estimation results of the baseline and the extended
model (Table 22) suggests that the baseline model specification – widely used in the literature –
leads to biased estimates. There are two reasons for the bias. First, ignoring the non-fulfilment of
theoretical model assumptions regarding wages and markups distorts estimation results of elasticity
of relative prices with respect to relative productivity (ommitted variable bias). Secondly, the effect
quantified on the basis of the baseline model does not take into account the possible mitigating
or amplifying impact of the labour and product markets with respect to the Balassa-Samuelson
mechanism. The problem is particularly evident in the case of Poland, where the effect quantified
according to the baseline model estimates is approximately 40% (1.4 p.p.) lower than according
to the wage- and markup-augmented model.
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Conclusions

The aim of this study is to determine the magnitude of the structural component of inflation
differentials in the CEECs relative to the euro area which can be attributed to the catching-up
process of these economies, i.e. the magnitude of the Balassa-Samuelson effect. Due to relatively
short time span and low frequency of series available for the CEECs, which virtually prohibits
the application of cointegration analysis, we propose a novel approach to estimating the
Balassa-Samuelson model. It consists in designing the panel so that the relation between the
tradable sector and various sub-sectors of the non-tradable sector constitutes the cross-sectional
dimension. This allows to apply panel econometric techniques, but at the same time to concentrate
on the single economy perspective.

Consistently with earlier studies, the obtained results indicate that the pass-through in the
Balassa-Samuelson model is incomplete, i.e. the long-run elasticity of relative prices with respect
to relative productivity is significantly less than unity. An important, though thus far neglected
in the literature, question is which factors contribute to the weakening of the pass-through and
can they be treated as mechanisms absorbing the catching-up induced inflationary pressure. This
paper aims to contribute to filling this gap by proposing tests for the effectiveness of the labour
and product markets in absorbing the Balassa-Samuelson effect. The results thereof indicate
that only in the case of Slovakia the convergence-driven inflationary pressure is to some extent
mitigated by the incomplete levelling of wages across sectors. For Poland and the Czech Republic
the labour market acts as an amplifier to the Balassa-Samuelson effect. In Hungary, on the other
hand, sectoral wage developments are determined by mechanisms other than those outlined by
Balassa and Samuelson. In the case of the Czech Republic and Hungary an increase in wages in
the non-tradable sector is to some extent absorbed by the corresponding decrease in markups,
hence the product market acts as an absorption mechanism to the Balassa-Samuelson effect.

The obtained results suggest that ignoring the non-fulfilment of theoretical model assumptions
regarding the product and labour markets, which is common in the literature, causes the estimates
of the Balassa-Samuelson effect to be biased. In the case of Poland the resulting error amounts to
1.4 percentage points, which is equivalent to a 40-percent underestimation of this effect. Therefore
we propose to extend the baseline model to encompass relative wages and markups developments.

In the years 1995-2010 average inflation differentials between the CEECs and the euro area which
resulted from the real convergence process amounted to 1.2 percentage points in Hungary, slightly
above 2 percentage points in the Czech Republic and Slovakia, and 3.3 percentage points in
Poland. The systematic inflation differentials relative to the euro area were therefore comparable
in size (even slightly greater in the case of Poland) to those experienced by the peripheral member
states (Table 1). Thus the results of the study suggest that in the case of the considered CEECs
the risk of common monetary policy inadequacy may be serious, which negatively affects the
balance between benefits and costs of their integration with the euro area.
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