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Abstract
The dynamic Penn effect denotes a close relationship between relative income and 
price levels over time. This paper examines whether the effect is present in the 11 
EU countries from Central and Eastern Europe over the period 1995–2018. The 
analysis comprises estimation of Pooled Mean Group panel data models. The esti-
mations reveal a long-term relationship between the relative income and price lev-
els, confirming the presence of a dynamic Penn effect. The long-term elasticity of 
the price level to income is slightly below one half. The adjustment to the common 
long-term relation differs substantially across the countries but is generally rela-
tively slow, meaning that there can be extended periods of deviation from the com-
mon long-term relationship. The results are robust to various sample changes and to 
the inclusion of additional variables in the long-term specification.

Keywords Price level · Real exchange rate · Convergence · Dynamic Penn effect · 
Pooled Mean Group estimation · Central and Eastern Europe

JEL classification E31 · O57 · P24

1 Introduction

The 11 countries from Central and Eastern Europe (CEE) that joined the European 
Union in 2004, 2007 or 2013 have over time seen rapid real exchange rate appre-
ciation against the countries from Western Europe. When measured in common 
currency terms, the price levels in the CEE countries have increased relative to the 
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average price level in the EU15, the group of the first 15 Western European EU 
countries. This tendency is often referred to as a process of price or nominal con-
vergence as the price levels in the CEE countries have been approaching the EU15 
average when measured in the same currency unit. The process of nominal conver-
gence has concurred with rapid trend growth which may be seen as a process of 
income or real convergence as the income gap to the EU15 average has narrowed.

The issue of price convergence is of particular importance for the EU countries 
from Central and Eastern Europe for several reasons. First, rapid real appreciation is 
associated with high domestic inflation and so economic signals may be disturbed 
and welfare negatively affected. Second, a rapid real appreciation might affect exter-
nal competitiveness negatively and harm exports, which may have repercussions for 
economic growth (Rodrik 2008). Third, by 2019 five of the 11 CEE countries had 
joined the euro area, but six others were still under the obligation to join the cur-
rency union, for which they must satisfy the convergence criteria in the Maastricht 
Treaty, including the criteria on nominal exchange rate stability and sustainable low 
inflation. This makes it important to assess the pressure on the real exchange rate 
associated with real convergence, as a rapid real appreciation may jeopardise the 
fulfilment of one or both of these criteria (Dobrinsky 2006; Lewis 2009).

Numerous studies have used cross-country data sets with many countries and data 
from 1 year or averages over a few years, and they have generally found a strong and 
positive correlation between the income level and the common-currency price level 
(Samuelson 1994). This empirical regularity or stylised fact was labelled the Penn 
effect by Paul Samuelson in recognition of the origin of the data set used in many 
of the analyses investigating the link between income and price levels, i.e. the Penn 
World Tables presented in Summers and Heston (1991).

Some studies have, however, exploited the time dimension of the data and exam-
ined whether income and real exchange rates co-vary over time. The analyses may 
be carried out for an individual country or for a panel of countries if the time dimen-
sion of the data is relatively short. The tendency for income and price variables to 
move together over time was labelled the dynamic Penn effect by Ravallion (2010).

The Penn effect and the dynamic Penn effect are empirical regularities or stylised 
facts; the correlation between income and price levels across countries or over time 
says little about causality. There may be direct causal links between the two vari-
ables, but it is also possible that common factors affect both variables. It is beyond 
the scope of this paper to provide an account of the factors that may explain the 
Penn effects but a brief overview may be in order.1

The most celebrated explanation for the Penn effects is the Balassa–Samuelson 
effect(s) which transpire when productivity growth is higher in the tradable sector 
than in the non-tradable sector, or when productivity growth is balanced but labour 
intensity is higher in the non-tradable sector than in the tradable sector. Other expla-
nations include quality improvements that are only partially accounted for in price 

1 Studies seeking to provide explanations for the cross-sectional and dynamic Penn effects in the context 
of the post-communist transition processes are discussed by Egert et al. (2006), Egert (2008) and Staehr 
(2009).
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indexes; a switch towards the consumption and production of higher-priced prod-
ucts as income levels increase (Engel’s law); hikes in administered prices; higher 
taxation in response to expanded government activities; larger markups as higher 
incomes make demand less elastic; and, finally, effects stemming from increased 
openness.

A number of empirical studies have investigated the price differences in the EU 
countries. Most studies reject purchasing power parity and find evidence of the static 
Penn effect, the dynamic Penn effect or both (Andersson et  al. 2009; Berka and 
Devereux 2013). Bordo et al. (2017) use data from 14 mainly European countries 
spanning more than 100 years from 1880 to 1997. They conclude that the dynamic 
Penn effect is not present throughout the very long sample considered but that devi-
ations can be explained by changes in the monetary and trading regimes over the 
years.

This paper relates most directly to studies using data from the post-communist 
transition countries or narrower groups such as the CEE countries. We will briefly 
discuss some key studies of importance for our analyses. Most of these use panel 
data methods since the time samples are typically short.2

One of the earliest studies is Dobrinsky (2003), who considers seven Central 
and Eastern European countries within the time sample 1993–1999. The real effec-
tive exchange rate is explained by a number of variables, including the difference 
between total factor productivity (TFP) growth in the sample countries and that in 
the EU, and the estimations are run using generalised least squares. The estimated 
coefficient of the TFP growth differential is close to one in all cases. The absence 
of any country-fixed effects precludes a separate identification of the cross-country 
effect (the Penn effect) and the effect over time (the dynamic Penn effect).

Another early study is De Broeck and Slok (2006), which uses ordinary least 
squares and Pooled Mean Group estimations to investigate the dynamic Penn effect 
in different samples of transition countries and in a sample of OECD countries. They 
find that productivity helps explain the real effective exchange rate in the transition 
countries, but generally not in the OECD countries. Variables depicting openness, 
government finances and various shocks are also statistically significant in some 
specifications. The time sample from 1993 to 1998 spans the early transition and is 
very short.

Staehr (2010) uses panel data econometrics to analyse the nominal convergence 
process in 10 CEE countries. Cointegration analyses in the paper suggest that there 
is a dynamic Penn effect, but the quantitative results appear to be sensitive to the 
exact model specification.

Frensch and Schmillen (2013) analyse the Penn effect in a sample comprising the 
OECD countries and most of the post-communist transition countries. They argue 

2 Only a few studies shun panel data methods in favour of country-specific analysis. Cuestas (2009) 
shows that the real exchange rate for eight CEE countries is only a stationary process when nonlinear 
deterministic trends and regime shifts are included in the time series dynamics. The real exchange rate 
is not constant as would be posited by purchasing power parity but instead exhibits trends that may be 
associated with real convergence. Cuestas and Gil-Alana (2016) model the nonlinear trends differently 
but reach the same conclusion for a small number of transition countries.
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that panel cointegration models yield poor results and instead they use fixed effect 
panel data estimations in levels without taking explicit account of the potential non-
stationarity of the variables. Additional variables are included to account for the 
effects of price liberalisation and other structural reforms. They conclude (p. 111): 
“We find a robust and stable Penn effect over all our specifications, with an implied 
price–productivity elasticity of about 0.5”.

The upshot from the empirical studies for the CEE countries or the broader set of 
transition countries is that there is some empirical support for the Penn effect as well 
as for the dynamic Penn effect. The estimates of the long-term elasticity range from 
less than half to around one (Egert et al. 2006). However, most of the studies entirely 
or mainly use data from the turbulent early transition period in the 1990s. Moreo-
ver, some do not take full account of the dynamic properties of the data. Finally, 
some studies do not distinguish between the effect across countries and the effect 
over time and therefore cannot differentiate between the Penn effect and the dynamic 
Penn effect.

This paper investigates whether the dynamic Penn effect was present in the 11 
CEE countries over the years 1995–2018. Several questions are addressed. First, is 
there a common long-term relationship between the income and price levels in the 
CEE countries? Second, if there is, then what is the quantitative magnitude of this 
long-term relationship? Third, what is the speed of adjustment to the common long-
term relationship and how does it differ across the countries?

Data on income adjusted for purchasing power parity and comparable prices 
are only available at an annual frequency. This, together with the conception of the 
dynamic Penn effect as a stylised fact that applies to most countries, calls for panel 
data estimations with a common long-term relationship between the non-stationary 
income and price series. There may, however, be substantial heterogeneity across 
the sample countries, which may lead them to have different adjustment processes 
towards the long-term relationship. These considerations suggest that the Pooled 
Mean Group (PMG) estimation methodology is appropriate since it assumes a com-
mon long-term relationship but allows the short-term adjustment to differ across the 
countries.

The paper contributes to the literature in a number of ways. First, the sample com-
prises data for 11 CEE countries from 1995 to 2018. The relatively long time sample 
implies that most of the countries covered have experienced two full business cycles 
within the sample.3 Second, the paper uses Pooled Mean Group estimation, which 
is a flexible methodology that appears well suited given the questions asked and the 
specificities of the data. Finally, the paper emphasises the cross-country differences 
in the speed of adjustment to the long-term relationship between income and price 
levels.

The rest of the paper is organised as follows. Section 2 discusses the data used 
in the empirical analysis, and Sect.  3 considers the choice of econometric model. 

3 The sample excludes the very early phase of the transition due to data limitations and because price 
liberalisation and structural reforms may have affected GDP growth and price formation markedly in this 
period (Frensch and Schmillen 2013).



1 3

Economic Change and Restructuring 

Section 4 presents the first set of results of the PMG estimations, while Sect. 5 shows 
the results when additional variables are included in the model. Finally, Sect. 6 sum-
marises the results and discusses avenues for further research.

2  Data

The data set is a panel of annual observations spanning the period from 1995 to 
2018 for the 11 CEE countries. The variable Y denotes the purchasing power-par-
ity-adjusted per-capita GDP in per cent of the EU15 average (Eurostat 2019, code: 
nama_aux_gph). We will frequently refer to this variable as income when there is no 
doubt about its meaning.

The analysis uses the GDP price level (Eurostat 2019, code: prc_ppp_ind) as a 
proxy of the general price level. The GDP price level is the deflator of the domestic 
value added and may be seen as the most generic domestic price level since it is 
less affected by import prices and some taxes than other price indexes such as the 
price level of consumption. The analyses in the paper have also been carried out 
for the same-currency price level of individual consumption (Eurostat 2019, code: 
prc_ppp_ind). The results are very similar to those in the paper in both qualitative 
and quantitative terms and are therefore not reported.

The variable PY is the GDP deflator or price level in per cent of the EU15 aver-
age, expressed in the same currency. The price index measures the domestic price 
relative to the EU15 average and is thus the relative common-currency price level, 
the relative price level or just the price level when there is no risk of confusion. 
Given that PY depicts the domestic price level relative to the foreign EU15 price 
level when measured in a common currency, the variable can also be interpreted as 
a real exchange rate measure, where an increase implies a real appreciation and a 
decrease implies a real depreciation.

The purchasing power adjustment of the income variable Y ensures that the vari-
able can be taken as a real variable. This reduces the risk of any spurious correla-
tion between the income and price variables that may otherwise arise. Suppose for 
instance there was a rise in the domestic price level that was not accompanied by 
a corresponding change in the domestic exchange rate. If the relative income were 
not adjusted for differences in purchasing power, the result would be that both the 
price level and the relative income level would rise, and this would bias the results 
towards a long-term relationship between the income and price variables.

The variables LY and LPY denote the logarithms of Y and PY, respec-
tively, while ΔLY and ΔLPY are the first differences of the logarithms, e.g. 
ΔLY = log(Y)  –  log(Y(− 1)). It follows that ΔLY is economic growth per capita 
in excess of average growth per capita in the EU15, both adjusted for purchasing 
power. Meanwhile, ΔLPY is the common-currency GDP price inflation in excess of 
the EU15 average.

Figure  1 shows a cross-plot of per-capita GDP adjusted for purchasing power 
relative to the EU15 average (variable Y) and the common-currency GDP price rela-
tive to the EU15 average (variable PY) for the 11 CEE countries for all the years 
from 1995 to 2018. The year-by-year dynamics make it difficult to construe the 



 Economic Change and Restructuring

1 3

longer-term dynamics. Figure  2 therefore shows the same variables for 1995 and 
2018 alone.

Figures  1 and 2 reveal that both per-capita GDP and the relative price level 
increased from 1995 to 2018. The figures also suggest that the two variables have 
generally moved concurrently over the period. Moreover, for most countries the 
observations tend to be above the 45° line at lower income levels and below the 45° 
line at higher levels.

It also follows that at a given income level there will be countries with higher 
or lower price levels than would be expected given their income level. This raises 
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Fig. 1  GDP per-capita PPP and common-currency GDP price level, per cent of EU15, annual data 1995–
2018. Source: Eurostat (2019); see text
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the question of whether there are forces that in one way or another move price and 
income levels in the individual countries towards a common long-term relationship.

Finally, the dynamics exhibit substantial heterogeneity. While deviations from 
the long-term relationship appear to have been short-lived for some countries in the 
sample, other countries, such as Czechia, have seen substantial deviations from the 
long-term relationship and only gradual convergence. Croatia may be another coun-
try where developments have been different from those in most other countries in 
the sample. Bulgaria may also appear as an outlier, but this is mainly down to the 
data for the very early years of the sample period.

A number of auxiliary variables besides the income and price variables are used 
in the robustness analysis in Sect. 5. The variable FIXED is a time-varying dummy 
variable that depicts the exchange rate regime obtained from the coarse de facto 
classifications in Ilzetzki et al. (2019) and updated for the years 2016–2018. FIXED 
is equal to one if a country employs a strict fixed exchange rate or uses the euro, and 
zero otherwise. The mean of the variable for the 11 CEE countries over the time 
sample 1995–2018 is 0.500, so fixed and flexible exchange rate regimes are equally 
prevalent.

The variable OPENNESS proxies the exposure of a country to trade and is the 
sum of imports (Ameco 2019, code: DMGT) and exports (Ameco 2019, code: 
DXGT) as a share of GDP (Ameco 2019, code: UVGD). The variable takes values 
between 0.365, for Bulgaria in 1995, and 1.769, for Slovakia in 2018. The variable 
GOVSIZE denotes the size of the government as proxied by government spending 
as a share of GDP (Ameco 2019, code: UUTG ). The variable ranges from 0.306 for 
Bulgaria in 1997 to 0.595 for Slovenia in 2013.

3  Pooled Mean Group estimation

Figures 1 and 2 show that the price and income observations cluster around a com-
mon trend but also that there is substantial heterogeneity in the dynamics across the 
countries. This suggests it is reasonable to examine whether there is a long-term 
relationship between income and price levels that is common across the CEE coun-
tries, while at the same time allowing the short-term adjustment to the common 
long-term relation to vary across the sample countries. The Pooled Mean Group 
(PMG) estimation methodology satisfies these requirements.

The PMG methodology presumes a common long-term relationship but allows 
the adjustment or error correction to the long-term relationship to differ across the 
cross sections (Pesaran et  al. 1999; Pesaran 2006; Blackburne and Frank 2007). 
The PMG represents a “compromise” between country-specific estimations, which 
are problematic given the relatively short time sample, and panel data estimations, 
where all coefficients are common for the cross sections. A key advantage of the 
PMG methodology is that it precludes inconsistent estimates of the coefficients of 
the long-term relation if the short-term adjustment is heterogeneous across the cross 
sections of the panel. The PMG model is an autoregressive distributed lag model 
and does not require variables to be integrated of any particular order.
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The PMG estimation methodology is used by De Broeck and Slok (2006) in their 
study of the dynamic Penn effect using early data from the transition countries. Kim 
and Korhonen (2005) consider misalignment of exchange rates in selected transi-
tion countries and use PMG estimation to find the long-term relationship between 
exchange rates and various explanatory factors. Crespo-Cuaresma et al. (2005) use 
PMG estimations in their study of the long-term determinants of exchange rates in 
the CEE countries. These studies, however, do not report the country-specific adjust-
ment estimates that are a key aspect of this study.

We estimate a PMG model which in the baseline version uses only the relative 
common-currency price level LPY, the relative income level LY and changes in 
these variables. The relative price inflation ΔLPY is modelled by a common error 
correction term involving LPY and LY and country-specific short-term dynamics 
and fixed effects. Given the relatively short time dimension of the sample and that 
the PMG methodology requires the estimation of many coefficients, we restrict the 
short-term dynamics to only one time lag. With these restrictions, the specification 
of the baseline model takes the form:

The subscript t denotes the year, and the subscript i depicts the country. The fol-
lowing coefficients are to be estimated: the common coefficient β in the long-term 
relationship, the country-specific adjustment or error correction coefficients φi, the 
coefficients of the short-term dynamics γi and δi, and the country-fixed effects μi. 
The variable, εi,t is the error term. The PMG model is estimated using maximum 
likelihood.

4  Estimation results

Table 1 shows the estimation results for the PMG model. The results for the pooled 
long-term part of the model are shown at the top of the table, while the results for 
the individual error correction specifications are shown below. The adjustment or 
error correction coefficients are shown for each of the 11 countries, while the aver-
ages of the estimated coefficients of the short-term dynamics and the country-fixed 
effects are shown using the notation Av[–].

Column (1.1) shows the baseline results, i.e. the results when the model in (1) 
is estimated using all 11 CEE countries over the years 1995–2018. The estimated 
coefficient of LY in the pooled part is 0.436, or slightly below half, and the coeffi-
cient is precisely estimated. This coefficient estimate is substantially below one and 
in the lower end of the results found in earlier studies, but it is broadly in line with 
the results in studies such as De Broeck and Slok (2006) and Frensch and Schmillen 
(2013).

The average error correction coefficient is − 0.311, and it is also estimated very 
precisely. Across the countries on average, deviations from the pooled error cor-
rection relationship are halved over the following 2 years, meaning that there can 
be extended periods of deviation from the pooled long-term relationship between 
income and price levels. The average adjustment coefficient found in this study is 

(1)ΔLPY
i,t = �

i
(LPY

i,t − � LY
i,t) + �

i
ΔLPY

i,t−1 + �
i
ΔLY

i,t + �
i
+ �

i,t.
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Table 1  Pooled Mean Group estimations

The dependent variable is ΔLPY. Av[–] indicates the average of the estimated coefficients across the 11 
countries
Standard errors are shown in brackets
***, ** and * denote that the coefficient estimate is statistically different from 0 at the 1, 5 and 10% level 
of significance, respectively

(1.1) (1.2) (1.3) (1.4)
Baseline Not CZ, HR, SI With trend Not 2008–2010

Pooled levels
 LY 0.436***

(0.029)
0.437***
(0.030)

0.502***
(0.065)

0.378***
(0.030)

 TREND – – − 0.003
(0.003)

–

Individual adjustment
 Av[EC(− 1)] − 0.311***

(0.043)
− 0.343***
(0.052)

− 0.305***
(0.046)

− 0.301***
(0.057)

  EC(− 1) Bulgaria − 0.356***
(0.058)

− 0.357***
(0.058)

− 0.347***
(0.057)

− 0.322***
(0.058)

  EC(− 1) Czechia − 0.122
(0.075)

– − 0.114
(0.070)

− 0.120
(0.073)

  EC(− 1) Estonia − 0.382***
(0.108)

− 0.383***
(0.109)

− 0.354***
(0.105)

− 0.269***
(0.096)

  EC(− 1) Croatia − 0.341**
(0.139)

– − 0.399***
(0.133)

− 0.445***
(0.122)

  EC(− 1) Latvia − 0.289***
(0.108)

− 0.291***
(0.109)

− 0.291***
(0.107)

− 0.206*
(0.117)

  EC(− 1) Lithuania − 0.473***
(0.109)

− 0.473***
(0.109)

− 0.473***
(0.109)

− 0.626***
(0.130)

  EC(− 1) Hungary − 0.254**
(0.115)

− 0.255**
(0.115)

− 0.252**
(0.110)

− 0.125
(0.135)

  EC(− 1) Poland − 0.341
(0.238)

− 0.339
(0.237)

− 0.349
(0.238)

− 0.576***
(0.204)

  EC(− 1) Romania − 0.570***
(0.194)

− 0.570***
(0.194)

− 0.571***
(0.200)

− 0.393*
(0.230)

  EC(− 1) Slovenia − 0.219**
(0.089)

– − 0.143*
(0.077)

− 0.167**
(0.081)

  EC(− 1) Slovakia − 0.073
(0.053)

− 0.073
(0.053)

− 0.068
(0.051)

− 0.059
(0.047)

Av[ΔLPY(− 1)] 0.116**
(0.050)

0.089*
(0.051)

0.110**
(0.047)

0.056
(0.076)

Av[ΔLY] 0.189
(0.120)

0.259*
(0.153)

0.205*
(0.117)

0.219
(0.144)

Av[Fixed effects] − 0.099***
(0.022)

− 0.118***
(0.027)

− 0.069***
(0.017)

− 0.107***
(0.026)

Countries 11 8 11 11
Observations 242 176 242 209
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smaller in numerical terms than those reported in the PMG estimations in Kim and 
Korhonen (2005) and in De Broeck and Slok (2006). However, these studies use 
somewhat different model specifications and much shorter time samples, so the 
studies are not directly comparable.

The variables ΔLPY(− 1) and ΔLY are included in the individual adjustment 
part to mop up country-specific short-term dynamics. The average coefficient of 
ΔLPY(− 1) across the countries is 0.116 and it is precisely estimated, whereas the 
average coefficient of ΔLY is 0.189 and it is statistically insignificant. Finally, the 
average of the fixed effects is − 0.099.

The individual error correction coefficients vary substantially across the sample 
countries, but the point estimates are consistently negative, indicating convergence 
towards the pooled relationship for all the countries. The largest coefficients numeri-
cally are found for Romania and Lithuania, indicating that convergence to the long-
term path was relatively fast for these countries. Other countries with adjustment 
coefficients that are statistically significant and above 0.3 are Bulgaria, Estonia, Cro-
atia and Latvia.

The numerical error correction coefficients are very small and statistically insig-
nificant for Czechia and Slovakia, the two neighbours that emerged from Czecho-
slovakia. The numerical coefficients for Hungary and Slovenia are also relatively 
small. The point estimate of the adjustment coefficient for Poland is -0.341, but it is 
not statistically significant despite its size. It is notable that the error correction coef-
ficients are numerically small or imprecisely estimated for the CEE countries that 
began the real convergence process relatively early and from comparatively advanta-
geous starting points with income levels that were among the highest in the sample.

It is important to establish the robustness of the baseline results, and we proceed 
in the rest of this section and in the following section with a number of robustness 
checks. Column (1.2) shows the results when Czechia, Croatia and Slovenia are 
excluded from the sample. The decision to exclude these countries is made because 
their income and price dynamics appear to be somewhat unusual in the cross-plots 
in Figs. 1 and 2. The results in Column (1.2) confirm that the baseline results are not 
driven by these three countries. Experiments that exclude individual countries or 
country groups with up to three countries have similarly confirmed that the results 
are robust to the choice of countries in the sample (not shown).

The next robustness analysis includes a deterministic trend in the cointegrating 
pooled parts of the PMG model. Column (1.3) shows that the coefficient of TREND 
is negative and statistically insignificant, while the coefficient of LY is smaller than 
in the baseline estimation. Including a trend in the pooled long-term part of the 
model changes very little in the adjustment part, and the averages of the short-term 
coefficients are virtually unchanged from the baseline estimation.

The global financial crisis affected many CEE countries severely and led to 
large declines in GDP, especially over the years 2008–2010. Column (1.4) shows 
the results when these 3 years are excluded from the sample. The results are in line 
with those in the baseline estimation, and this also applies to the country-specific 
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adjustments, although the error correction coefficients change somewhat for a few of 
the countries.4 We also experimented with dummies for the crisis years in the long-
term specification and the adjustment specification, but we did not find any signs of 
instability (not shown).

Finally, we tried to shorten the sample by excluding years from the beginning or 
the end of it. Excluding 5–7 years from either end of the sample does not change the 
results in qualitative terms, but the results do change if the sample length is reduced 
further as they are then in large part driven by the volatile crisis years (not shown).

The conclusion is that the results of the baseline PMG estimation are robust to 
changes in country composition, the inclusion of a trend and elimination of the cri-
sis years. We have also examined the robustness of the results by estimating a panel 
dynamic OLS model, and the long-term estimated elasticity of the price level to the 
income level is relatively close to those shown in Table 1.5

The results of Table 1 can be summarised in three points. First, the pooled long-
term relationship between income and price levels reveals a strong dynamic Penn 
effect linking the developments of the logarithmic income and the price levels 
over time. Second, there is a clear indication of convergence towards a long-term 
relationship, though the average rate of convergence towards this relationship is 
relatively slow. Finally, the adjustment towards the long-term relationship exhibits 
substantial heterogeneity across the CEE countries as four countries exhibit slow 
or uncertain convergence towards the long-term relationship, while the rest of the 
countries converge faster.

5  Additional variables

Most of the estimations in Sect. 4 contained only the GDP price level and the real 
GDP level, both relative to the EU15, since the aim was to examine whether a long-
term relationship between the two variables is present in the sample of CEE coun-
tries. It may be useful to assess how sensitive the relationship is to additional varia-
bles being added to the specification. Table 2 shows the results when three variables 
are included in the pooled part of the PMG model.

The exchange rate regime has been shown to affect the price level in a number of 
studies (Broda 2006; D’Adamo and Rovelli 2015). Column (2.1) presents the results 
when the exchange rate dummy FIXED is included in the long-term specification. 
The coefficient of FIXED is statistically insignificant, and the rest of the results 
closely resemble those in the baseline estimation.

4 This is particularly the case for Poland where the error correction coefficient is now larger in numerical 
terms and statistically significant. Poland experienced large fluctuations in its exchange rate during the 
global financial crisis, and this affected the common-currency relative price substantially.
5 Panel unit root tests show that the logarithmic income level LY and the logarithmic relative price level 
LPY panel generally exhibit panel unit roots. The Kao panel cointegration test points to cointegration 
between the log price and log income levels since the null hypothesis of no cointegration is strongly 
rejected. Given this, we estimate a dynamic OLS model with one lag and lead and obtain an estimate of 
the coefficient of LY of 0.553 with a standard error of 0.033.
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Table 2  Pooled Mean Group estimations with additional variables

The dependent variable is ΔLPY. Av[–] indicates the average of the estimated coefficients across the 11 
countries
Standard errors are shown in brackets
***, ** and * denote that the coefficient estimate is statistically different from 0 at the 1, 5 and 10% level 
of significance, respectively

(2.1) (2.2) (2.3) (2.4)

Pooled levels
 LY 0.395***

(0.037)
0.345***
(0.052)

0.407***
(0.038)

0.380***
(0.049)

 FIXED 0.030
(0.032)

– – 0.035
(0.039)

 OPENNESS – 0.103**
(0.047)

– 0.028
(0.062)

 GOVSIZE – – − 0.528*
(0.312)

− 0.396
(0.309)

Individual adjustment
 Av[EC(− 1)] − 0.288***

(0.040)
− 0.284***
(0.037)

− 0.276***
(0.036)

− 0.281***
(0.036)

 EC(− 1) Bulgaria − 0.226***
(0.061)

− 0.228***
(0.063)

− 0.245***
(0.057)

− 0.238***
(0.059)

  EC(− 1) Czechia − 0.153**
(0.063)

− 0.166**
(0.069)

− 0.158**
(0.062)

− 0.160**
(0.064)

  EC(− 1) Estonia − 0.272**
(0.115)

− 0.168*
(0.188)

− 0.286**
(0.111)

− 0.286**
(0.111)

  EC(− 1) Croatia − 0.258*
(0.153)

− 0.242*
(0.128)

− 0.280**
(0.133)

− 0.237**
(0.109)

  EC(− 1) Latvia − 0.320***
(0.106)

− 0.285***
(0.098)

− 0.282***
(0.096)

− 0.305***
(0.101)

  EC(− 1) Lithuania − 0.472***
(0.108)

− 0.455***
(0.106)

− 0.424***
(0.118)

− 0.442***
(0.114)

  EC(− 1) Hungary − 0.230**
(0.110)

− 0.210*
(0.117)

− 0.232**
(0.108)

− 0.227**
(0.110)

  EC(− 1) Poland − 0.486**
(0.194)

− 0.491**
(0.194)

− 0.444**
(0.186)

− 0.465**
(0.189)

  EC(− 1) Romania − 0.441**
(0.159)

− 0.449***
(0.151)

− 0.436***
(0.150)

− 0.426***
(0.150)

  EC(− 1) Slovenia − 0.229**
(0.120)

− 0.333***
(0.129)

− 0.148*
(0.186)

− 0.215**
(0.107)

  EC(− 1) Slovakia − 0.082
(0.066)

− 0.093
(0.057)

− 0.095*
(0.057)

− 0.101
(0.066)

Av[ΔLPY(− 1)] 0.141***
(0.037)

0.159***
(0.040)

0.170***
(0.039)

0.171***
(0.040)

Av[ΔLY] 0.198*
(0.107)

0.199*
(0.108)

0.195*
(0.105)

0.196*
(0.107)

Av[Fixed effects] − 0.102***
(0.019)

− 0.134***
(0.023)

− 0.032***
(0.012)

− 0.066***
(0.015)

Countries 11 11 11 11
Observations 242 242 242 242
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Trade openness has been found to be of importance for the price level in the tran-
sition countries (Kim and Korhonen 2005; De Broeck and Slok 2006). The results in 
Column (2.2) provide some evidence in the same direction; the coefficient of OPEN-
NESS is 0.103, and it is statistically significant at the 5% level. The effect is quanti-
tatively relatively small, however, as an increase of 0.33 in the sum of imports and 
exports as a share of GDP (one standard deviation in the sample) corresponds cet-
eris paribus to an increase in the price level of around 0.3% point.

The size of the government has also been found in some studies to have an effect 
on the price level (Kim and Korhonen 2005; De Broeck and Slok 2006). Column 
(2.3) shows the results when GOVSIZE is included. The coefficient is negative and 
relatively large in numerical terms, but it is only statistically significant at the 10% 
level. The negative coefficient may in part be a result of how the government size 
variable is computed, since the variable declines when GDP increases.

Column (2.4) provides the results when all three auxiliary variables are added 
at the same time. None of the coefficients is statistically significant. More impor-
tantly, even with all three auxiliary variables, the remaining results are qualitatively 
unchanged from those of the baseline estimation shown in Column (1.1) in Table 1. 
The conclusion is that including additional variables that could be correlated with 
the income level does not affect the main results in discernible ways.

6  Final comments

This paper considers the price dynamics in the 11 EU countries from Central and 
Eastern Europe from 1995 to 2018 and tests for the presence of the dynamic Penn 
effect, i.e. a close co-movement of prices and incomes over time. The CEE countries 
have at times exhibited high rates of economic growth and may thus be prone to the 
effect. It is particularly a concern for the CEE countries that are set to join the euro 
area, since admission requires the countries to meet the Maastricht criteria, includ-
ing the exchange rate criterion and the inflation criterion.

The empirical analysis consists of the estimation of Pooled Mean Group mod-
els, which posit a common long-term relationship but cross-country heterogeneity in 
the short-term adjustment to the common long-term relation. The PMG estimations 
reveal a long-term elasticity of the price level to income of slightly below half.

The PMG estimations also show that the adjustment to the long-term relationship 
between income and price levels is relatively slow and exhibits substantial varia-
tion across the sample countries. For the 11 countries on average, around 30% of 
any deviation from the long-term relationship is closed annually. The adjustment is 
slow or imprecisely estimated for Czechia, Poland, Slovenia and Slovakia, however, 
perhaps because these countries began the process of real convergence from a higher 
income level.

The results are robust to various changes in the composition of sample countries, 
to the exclusion of the years around the global financial crisis and to the inclusion 
of additional explanatory variables in the pooled long-term specification. Overall, 
the estimations confirm the presence of a dynamic Penn effect in the sample of CEE 
countries over the years from 1995 to 2018.
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The findings have two main implications. First, the presence of the dynamic Penn 
effect suggests that high rates of trend growth in the CEE countries are likely to 
be accompanied by rapid real appreciation in the form of domestic inflation and/
or nominal appreciation. Policymaking in the CEE countries must account for the 
presence of the dynamic Penn effect and weigh different policy options to trade off 
and possibly reduce this potential downside of rapid economic growth. Second, the 
adjustment to the long-term relationship between income and price level is relatively 
slow and varies substantially across countries. The upshot is that it is difficult to 
make short-term predictions of price dynamics even when the rate of trend growth is 
known or can be forecast.

The analysis in this paper left aside a number of potentially important issues. 
First, it might be possible to include additional variables in the model specification, 
either as control variables or variables that may provide insights into the mecha-
nisms of the dynamic Penn effect. Second, the PMG model assumes a common 
long-term relationship after controlling for various factors, but the assumption of 
one convergence point may be unwarranted in some situations. It may thus be expe-
dient to adopt a more flexible approach and estimate models that allow for pair-wise 
convergence for instance (Abbot 2012; Kyriazakou and Panagiotidis 2018).6 Finally, 
it may also be valuable to consider models that take into account cross-sectional 
interdependence. We leave these interesting issues for future research.
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