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ABSTRACT

The paper examines the exchange rate pass-through in a set of 13 East European countries
during the period of 1993–2003. The pass-through estimates are derived from a recursive
VAR model in first differences, and the impact of exchange rate changes on both producer
and consumer prices is studied. The estimates obtained for two sub-sample periods generally
show an incomplete pass-through over a two-year horizon. In addition, the results imply a
considerable cross-country variation and suggest that a significant decline (by nearly 50%)
in the pass-through is possible over time. In particular, it is found that the exchange rate
pass-through in East European countries is positively and statistically significantly related
to the average inflation rate and degree of exchange rate persistence. Moreover, the results
confirm the existence of a strong relationship between the pass-through and changes in the
import structure. Finally, there is some limited evidence that the magnitude of exchange
rate pass-through might be positively related to the degree of country's openness to foreign
trade.

Key words: pass-through of exchange rate, recursive VAR model, Exchange Rate
Mechanism II
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INTRODUCTION

Soon after the EU accession, the new Member States are facing new challenges
stemming from the next step of economic integration, namely monetary integration
and the eventual adoption of the euro. Being granted the status of a Member State
with derogation, all the ten countries are expected to participate in the monetary
union and adopt the common European currency at some stage. Prior to that, however,
a sufficient degree of real and nominal convergence with the existing EU Member
States must be achieved, with the latter being specified by the Treaty as the ability of
a new Member State to comply with the convergence criteria and assessed on the
basis of inflation, exchange rate and interest rate dynamics as well as the level of
country's fiscal deficit and debt. In addition, although no explicit criteria are laid down
in the Treaty, real convergence is likely to be assessed on the basis of structural and
cyclical developments in the economies of the new Member States.

So far, the focus has been dominantly on the assessment of the accession countries'
ability to achieve a sufficient degree of nominal convergence with the existing EU
members, partly because of the existence of clearly defined criteria against which the
economic performance of the accession countries can be measured. This paper partly
follows suit. As a starting point, it will take the common notion that the achievement of
full compliance with the convergence criteria will not be an easy task for acceding
countries. Some of the countries are likely to need significant time periods to achieve a
considerable convergence with the requirements of the Economic and Monetary Union.

It is often argued that the requirement of sound fiscal positions in the new Member
States would be a serious obstacle to participation in the euro area, as several of them
have considerable fiscal deficits that are of structural nature and, in addition, are
exposed to pressure on government expenditures arising from the EU membership.
Yet, equally strong concerns may be raised in the light of inflationary developments in
the new Member States after the EU accession. In particular, the need for compliance
with convergence criteria would require the achievement of low and sustainable
inflation rates at the time when the new Member States are likely to be exposed to
various inflationary pressures stemming from both the demand side (e.g. as a result of
lower interest rates) and the supply side (e.g. inter-sectoral productivity differentials
that could potentially lead to higher inflation in the non-tradables sector). In addition,
the effectiveness of the central banks' interest rate policy in coping with these
inflationary developments would be significantly limited by the need to comply with
the interest rate convergence criteria.

In these circumstances, the exchange rate is expected to play a dual role. On the one
hand, the exchange rate is one of the most important economic variables that affect
the real economy in the new EU Member States. On the other hand, it is expected
that the exchange rate may also become a significant monetary policy instrument that
can be used to facilitate nominal and real convergence.
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In particular, the design of the exchange rate regime that precedes the adoption of
the euro, namely the ERM II, where all new EU Member States are expected to
participate for a minimum of two years, puts a strong emphasis on the exchange rate
as a monetary policy instrument. Key features of the ERM II include, among others,
a central parity rate against the euro and standard fluctuation bands of ±15% around
the central rate.1 Generally, the fluctuation bands are rather wide and leave a sufficient
room for exchange rate appreciation, thus, in principle, allowing central banks in the
new EU countries to offset or at least to reduce potential inflationary pressures that
may arise after the EU accession. Moreover, subject to the mutual agreement, also
the central parity against the euro can be adjusted at any time during the participation
in the ERM II, thus giving central banks in the acceding countries an additional tool
to facilitate nominal and real convergence.

The effectiveness of the new Member States' exchange rate policies within the ERM
II framework, however, largely depends on the relationship between exchange rate
changes and inflation. For the exchange rate to be an effective tool that can be used to
control inflation, changes in the nominal exchange rate have to be transmitted into
domestic prices relatively fast, and the relationship between the two must be strong.
In other words, there must be a strong exchange rate pass-through to domestic prices.
A strong pass-through also implies less concern about the central parity rate at which
the country enters the ERM II, as the deviations of the nominal exchange rate from
the theoretical "equilibrium" level would have little impact on the real exchange rate
in this case. On the other hand, if the exchange rate pass-through in these countries is
low, the exchange rate policy is not likely to be effective in terms of enhancing nominal
convergence, as exchange rate changes would have little effect on domestic inflation.
In this case, a limited price adjustment to exchange rate movements would imply that
shocks to the nominal exchange rate would have a significant impact on the real
exchange rate and hence also the real economy. Consequently, the level at which the
new EU countries enter the ERM II becomes an important policy variable. Thus,
different degrees of exchange rate pass-through under different circumstances would
require different policy responses from these countries as they approach the ERM II.

Against this background, it is interesting to investigate whether the degree of pass-
through is related to the macroeconomic environment facing a country, or whether
changes in pass-through can be associated with shifts in policy regimes. This would
allow deriving important implications for the new EU Member States' policy challenges
in the future. In this regard, countries in Central and East Europe provide rich evidence
on various economic environments and policy regimes over the last ten-year period.
First, the majority of countries in the region switched from a high inflation environment
at the beginning of the 1990s to low and moderate inflation rates at the end of the
decade. Cyprus and Malta did not go through these regime shifts, while in Romania

1 Resolution of the European Council on the establishment of an exchange rate mechanism in the third stage of Economic
and Monetary Union, Amsterdam 16 June 1997.
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inflation rates remained rather high also in the new millennium. Second, several
countries have gone through shifts of exchange rate regimes, with some (the Czech
Republic, Poland) moving away from rigid exchange rate pegs towards a more flexible
regime, others (Bulgaria) moving in the opposite direction, and still others (the Baltic
countries) maintaining the exchange rate regime unchanged throughout the period.(5)

The rest of the paper is organised as follows. Chapter 1 reviews various models that
try to explain possible causes of incomplete exchange rate pass-through. Chapter 2
presents an overview of the main empirical studies on the pass-through in individual
countries and also some cross-country studies that investigate the links between the
degree of pass-through and various macroeconomic variables. Chapter 3 presents
estimates of pass-through for a number of Central and East European countries and
addresses factors that account for different degrees of pass-through both across
countries and over different time periods. The final chapter presents main conclusions.
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1. MODELS OF EXCHANGE RATE PASS-THROUGH

The starting point for all models of exchange rate determination is the concept of
purchasing power parity that has been actively used in macroeconomic analysis since
the 1920s. It argues that in the presence of free movement of goods and perfect
competition in international goods markets, the law of one price holds for all major
traded goods, and hence their price, expressed in the common currency, should be the
same across countries.(23) A less strict version of this concept postulates that the
change of the nominal exchange rate between two countries must be equal to the
difference in inflation rates. However, in both cases the purchasing power parity
concept assumes a close relationship between changes in domestic prices and the
exchange rate (although it does not explicitly deal with issues related to potential
endogeneity of the right-hand side variables).(43, 28) Assuming the exchange rate as
an exogenous variable as would be the case under the fixed exchange rate regime, the
purchasing power parity doctrine then implies a complete exchange rate pass-through
to domestic prices.

The concept of the purchasing power parity, however, has been increasingly criticised
in the economic literature as a very imprecise model of exchange rate behaviour. It
was initially designed to study long-term exchange rate determination. However, the
main weakness of the purchasing power parity concept appears to be the lack of
explanatory power due to a relatively weak link between changes in the exchange rate
and domestic price developments, which seems to be quite weak also in the long run
as evidenced by large half-life estimates of deviations from purchasing power parity
levels.(30) Indeed, deviations from the purchasing power parity have been so large
and the adjustment from these deviations so slow that this weak link between exchange
rate and price developments is commonly referred to as the purchasing power parity
puzzle.(55) The weak link between exchange rate and relative price developments is
also highlighted by the low sensibility of major macroeconomic variables with respect
to nominal exchange rate volatility.(7)

Given the failure of the purchasing power parity concept to explain the relationship
between the exchange rate changes and the domestic price behaviour, several
alternative models have been developed that relax some of the assumptions imposed
on the original purchasing power parity model.

Thus, for instance, the new Keynesian view explains incomplete adjustment in terms
of price and wage stickiness that may arise either due to staggered price adjustment as
a result of multiperiod contracts or commitments (as in S. Fischer (27), E. S. Phelps
and J. B. Taylor (54), J. B. Taylor (58, 59)), or due to menu costs (as in N. G. Mankiw
(46)). According to this approach, nominal frictions that are small at the microeconomic
level can, nevertheless, have significant macroeconomic implications.(56) As the
importance of menu costs is likely to decline in high inflation environments, this
approach implies a positive relationship between inflation and the pass-through.
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Other authors have focused on the implications of relaxing the perfect competition
assumption. Thus, for instance, R. Dornbusch and J. Menon review various models
with a fixed number of firms in the industry and hence an oligopolistic competition.(23,
48) According to these models, the exchange rate pass-through depends on the pricing
decisions of firms. As a result, the exchange rate pass-through is related to the degree
of substitutability between the domestic and imported goods and the country's market
structure (the number of firms in the industry, as well as the ratio of domestic to
foreign firms).

P. Krugman relates incomplete pass-through from exchange rates to prices to the degree
of "pricing to market" behaviour whereby the exporting firms may set their prices in
the importing country's currency and, therefore, adjust profit margins rather than
sales as a result of exchange rate changes.(42) P. Krugman argues that the pricing to
market behaviour is more common when there are substantial firm-specific costs of
entering the market. As this is more likely to be true for complex and very differentiated
products, the pricing to market behaviour may explain the low pass-through observed
in the machinery and transport equipment sector. K. A. Froot and P. D. Klemperer
extend this analysis by considering firms whose future demand depends on their current
market share.(29) In their model, the price setting behaviour will differ according to
the expected persistence of exchange rate changes. Temporary exchange rate changes
do not have a long-lasting impact on the market share, so exporting firms will allow
higher profit margins. On the other hand, permanent exchange rate changes would
call for price adjustments to retain the market share. As a result, the degree of pass-
through depends positively on the expected persistence of exchange rate changes.

Another explanation for incomplete pass-through is provided by M. Obstfeld and
K. Rogoff who argue that the assumption of free movements of goods does not hold
in the light of limited arbitrage possibilities at the consumer price level, so the
introduction of transport costs helps to explain the sluggish adjustment of consumer
prices in the event of exchange rate changes.(53) This argument implies that the
exchange rate pass-through is diminishing along the product distribution chain. And
indeed, the surveys of empirical studies on the exchange rate pass-through have shown
that, although still incomplete, the pass-through of exchange rates to import prices is
generally larger than the pass-through to producer or consumer prices.(33)
A. T. Bursteins, J. C. Neves and S. Rebelo expand the analysis by adding other dis-
tribution costs (such as wholesaling and retailing) to the transport costs and argue
that these distribution costs account for a large share of the total retail price of any
commodity – their estimate is 40% for the US and 60% for Argentina.(10) Thus, large
distribution costs may imply low exchange rate pass-throughs even for goods that are
internationally tradable.

Finally, there are authors who use the new open economy macroeconomic model
framework that includes imperfect competition and staggered price adjustment, and
differentiated goods markets (52, 51) and pricing-to-market behaviour (17, 18) to
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analyse the exchange rate pass-through under different circumstances. Thus, for
instance, J. B. Taylor uses the model of staggered price adjustment to demonstrate
that the price setting behaviour of firms depends on the expected change in costs, the
change in prices set by other firms and the change in total demand.(60) In this
framework, the degree of pass-through depends on expectations: the less any cost
changes or changes of other firms' prices are perceived to be permanent, the less any
given firm is inclined to change its own price. Given the high correlation between the
average inflation rate and inflation persistence, J. B. Taylor argues that the pass-through
is likely to be smaller in a low inflation environment.

P. Bacchetta and E. van Wincoop consider the framework of monopolistic competition
where import goods are used as intermediate goods that are combined with domestic
goods to produce a final commodity that competes in the domestic market with other
goods, including non-tradables.(6) In this framework, P. Bacchetta and E. van Wincoop
show that the degree of pricing to market depends on the size of the non-tradable
goods sector. If the latter is sufficiently large, a likely equilibrium is the one where
exporters set prices in their own currency (implying a full pass-through to import
prices), while producers of final goods set prices in the local currency, if the elasticity
of substitution between tradable and non-tradable goods is high. Thus, a large sector
of non-tradables in this model implies a low exchange rate pass-through to consumer
prices.

In a similar manner, M. B. Devereux, C. Engel and P. E. Storgaard consider the
endogenous exchange rate pass-through and argue that there is a two-way link between
the degree of exchange rate pass-through and the exchange rate volatility: a low
exchange rate pass-through leads to a high exchange rate volatility, while an increasing
exchange rate volatility stimulates the producer currency pricing (PCP), thus increasing
the pass-through.(20) The results of their model imply that a successful monetary
policy is associated with a lower exchange rate pass-through.
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2. EMPIRICAL STUDIES ON PASS-THROUGH

Propositions stemming from theoretical models of the exchange rate pass-through
have been extensively tested empirically using a wide range of estimation techniques.
Not surprisingly, the results have been sensitive to the different estimation methods,
the estimated sample periods and the set of countries that are included in the analysis.

Initial studies focused on the exchange rate pass-through across different industries
and within a single country by using a single equation estimation technique. The studies
generally show an incomplete pass-through, with exchange rate movements having a
larger impact on import prices than producer prices, and the pass-through across
different industries depending positively on the degree of product differentiation.(62,
26, 63, 48)

The findings of these studies, however, have largely ignored the time series properties
of data, and, therefore, suffer from misspecification problems and biased estimates.
Therefore, more recent studies use the cointegration analysis and error correction
models to provide statistically more robust estimates. K. H. Kim uses the cointegration
analysis and estimates that the long run pass-through coefficient for US producer
prices is around 24%.(41) G. Kenny and D. McGettigan use the Johansen cointegration
technique and find a strong evidence of a close to full pass-through to Irish import
prices in the long run.(40) T. Hampton uses an error correction framework and finds
that the long run pass-through of import prices to consumer prices in New Zealand is
around 14%.(37)

Similar estimation techniques have been applied to study the exchange rate pass-
through in the euro area. B. Anderton uses the error correction framework and reports
long-term exchange rate pass-through estimates to import prices ranging from 50%-
70%.(4) E. Hahn studies the effects of external shocks on producer and consumer
prices in the euro area in an unrestricted VAR framework and finds that the pass-
through to producer prices reaches 10% after one quarter and 28% after three
quarters.(36) The pass-through estimates for consumer prices are 2.5% and 8%,
respectively.

Regarding developing countries, C. J. Garcia and J. E. Restrepo use the error correction
framework to estimate the exchange rate pass-through in Chile.(32) Depending on
the cyclical position of the economy, the long-term pass-through to net consumer
prices is estimated between 13% and 33%. Finally, A. Belaisch estimates the pass-
through to consumer prices in Brazil and finds it at 6% after three months, 17% after
twelve months and 23% in the long run.(8)

Many authors have also conducted a cross-country analysis in order to study factors
that account for different degrees of pass-through across countries and over time.
J. McCarthy uses the VAR model that incorporates a distribution chain of pricing in

'
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order to estimate the exchange rate pass-through in nine developed countries during
1976–1998.(47) He finds that the pass-through is significantly and positively correlated
with the exchange rate and GDP volatility and is stronger in countries with larger
import shares. The pass-through also declines along the distribution chain. In addition,
the results imply some weakening of the pass-through effect, at least for some countries.

I. Goldfajn and S. R. C. Werlang estimate the pass-through in a large sample of
countries (both developed and developing) during the period of 1980–1998.(34) Their
panel estimates indicate an average pass-through of 17% after three months, 42%
after six months and 73% after twelve months. However, the effect of pass-through is
found to be different across regions, with countries in Europe generally exhibiting a
lower degree of pass-through than other countries. Moreover, the degree of pass-
through, according to this study, is affected by the country's inflation rate, degree of
openness, real exchange rate appreciation and GDP gap.

E. U. Choudhri and D. S. Hakura use a similar set of countries and a similar estimation
period.(13) They classify all countries into three groups (low, moderate and high
inflation) and find a significant and positive relationship between the inflation rate
and the pass-through. The average estimated pass-through to consumer prices after
four quarters is 14% in low inflation countries, 33% in moderate inflation countries,
and 50% in high inflation countries. Also, for countries with several inflation regimes,
it is found that the pass-through has been higher during high inflation periods than
during the periods with moderate or low inflation. Cross-country regression estimates
imply that a 10% increase in the average inflation rate would increase the pass-through
by 5 to 6 percentage points.

F. P. Hüfner and M. Schröder estimate vector error correction models for five EU
countries.(39) Their estimated coefficients of the pass through to consumer prices
after twelve months range from 7% in France to 12% in the Netherlands. According
to the authors, differences in import shares explain the variance in the pass-through.

J. E. Gagnon and J. Ihrig consider 20 industrial countries and report a decline in the
pass-through for most countries in the sample.(31) They find that both the cross-
country and intertemporal differences in pass-through within a country over different
sample periods are explained by the standard deviation and the mean of the exchange
rate, thus highlighting the importance of monetary policy.

Finally, J. M. Campa and L. S. Goldberg study the effect of pass-through to import
prices in OECD countries.(11) Their average unweighted short-term pass-through
coefficient is 61%, while the long term coefficient is 77%. Some evidence of a declining
pass-through over time is presented, although the decline is not always statistically
significant. Performing the panel regression, they find that macroeconomic factors
(such as inflation rate) account for only a small part of the total observed variation of
pass-through. Instead, since the estimates of pass-through across different industry
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groups are more stable than the total estimated pass-through, the authors argue that
changes in pass-through are the result of a changing import structure. In particular,
declining pass-through estimates are the result of a declining share of energy and raw
materials in total imports. Yet, when analysing the pass-through to import prices for
12 EMU member countries, J. M. Campa and J. M. Gonzalez Minguez find that,
although the pass-through effect varies substantially across different industries, at
least in the short run, a cross-country variation in the estimated pass-through is related
to various degrees of openness of countries rather than their different import
structures.(12)

Compared to the OECD countries, there is only a limited number of empirical pass-
through studies in East European countries, and often these studies consider individual
countries or narrow country groups, thus not allowing for systematic cross-country
comparison. In addition, just as in the case with industrial countries, the degree of
pass-through depends considerably on the applied estimation techniques.

Thus, L. Kuijs constructs a framework where long-run relationships are estimated
separately and included as error correction terms in a vector autoregression (VAR)
model.(44) This framework is used to study inflation dynamics in Slovakia during the
period of 1993–2000. He finds that the short-term pass-through reaches 40% but then
declines gradually as the exchange rate appreciates. Using a first difference VAR
model for the period of 1997–2002, N. Gueorguiev estimates the maximum pass-
through to market-determined consumer prices in Romania at around 30%–40%
(depending on the choice of the exchange rate), with most of the impact taking place
within 12 months.(35) A. Billmeier and L. Bonato use a similar framework to estimate
the pass-through for Croatia during the period of 1994–2001 but do not find a significant
link between the exchange rate and domestic price changes.(9) The pass-through
coefficient obtained using a cointegration approach suggests that roughly 33% of
exchange rate changes are transmitted to domestic prices in the long run.

Turning to the cross-country analysis, D. Mihaljek and M. Klau estimate the exchange
rate pass-through in several emerging market economies, including Poland, Hungary
and the Czech Republic, using a single equation estimation technique.(49) They find
that the exchange rate pass-through varies from 6% in the Czech Republic to 45% in
Poland and 54% in Hungary. This study, however, does not consider possible
endogeneity of the right-hand variables and, in addition, estimates the pass-through
over a sample period that includes different exchange rate regimes and different
inflationary environments.

Z. Darvas models exchange rate and price dynamics for four Central European
countries (Hungary, the Czech Republic, Poland and Slovenia) in a time varying
parameters framework to account for regime shifts that have been observed in these
countries during the 1990s.(16) His results point to the estimates of the long run pass-
through ranging from 15% for the Czech Republic and 20% for Poland to 40% in

' '
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Hungary and Slovenia. The estimates of the short-term pass-through, however, are
much lower and range from 0% to 10%. Due to the small country sample, the author
has not been able to perform a cross-country analysis, and his conclusion that the
degree of pass-through is positively related to the average inflation rate is highly
tentative.

F. Coricelli, et. al. use the cointegrated vector autoregressive model to estimate the
long-term pass-through for the four Central European countries mentioned above.(15)
They report a full long-term pass-through from exchange rate to domestic prices for
Slovenia and Hungary, around an 80% pass-through for Poland, and a 50% for the
Czech Republic. While the cointegration analysis assumes stable long-term relation-
ships between the variables that, in the face of regime shifts, may not be a fully ap-
propriate assumption, the estimates of long-term exchange rate pass-through are also
less relevant in terms of providing the information for economic policy decisions due
to the sluggish adjustment process.
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3. PASS-THROUGH IN EAST EUROPEAN COUNTRIES

In the first part of this chapter, the estimates of exchange rate pass-through are derived
from a recursive VAR model. In the second part, the obtained pass-through estimates
will be compared across countries and across sub-sample periods to investigate whether
the degree of exchange rate pass-through is related to changing macroeconomic
environment in East European countries during the last ten years.

3.1 Pass-Through Estimates

Different techniques used in the studies described above do not allow a comprehensive
cross-country comparison due to the non-robustness of the results with respect to
different estimation techniques. Therefore, in this study the exchange rate pass-through
is estimated for a set of 13 countries in Central and East Europe, including nine
countries that joined the European Union in 20041, in an integrated framework, thus
making the results more directly comparable across the countries and different time
periods. Specifically, the pass-through estimates for these countries are obtained
applying a recursive VAR model with similar sets of endogenous variables for each
country. The VAR framework is preferred to the single equation estimation technique
because it allows for a simultaneous determination of the exchange rate and prices
and hence eliminates possible problems related to endogeneity of explanatory variables.
In addition, the VAR framework provides a convenient way to derive the impact of
the exchange rate on prices through impulse response functions. The disadvantage of
this method is that the relatively short sample periods analysed here tend to reduce its
effectiveness. Moreover, impulse response parameters are rather imprecisely measured
for the long forecasting horizons. Nevertheless, the VAR model still seems to be the
most appropriate estimation framework for the particular exercise.

The vector of endogenous variables consists of the following macroeconomic time
series. First, it includes both the consumer and the producer price indices.2 By including
producer and consumer prices, the VAR model incorporates some features of a dis-
tribution chain pricing framework design by J. McCarthy.(47) Thus in this setting,
exchange rate shocks affect consumer prices both directly and indirectly through the
changing producer prices. However, due to poor data availability, import prices are
not included in the model. The analysis thus implicitly assumes a full exchange rate
pass-through to import prices. The assumption is based on the observation that the
currency structure of foreign trade in East European countries generally captures
little of the local currency pricing, as the bulk of foreign trade is invoiced in foreign
currencies (the currency structure of imports in Latvia is given in Chart 1 as an examp-
le). This absence of local currency pricing would tend to imply a rather high pass-

1 The country sample includes Cyprus but excludes Malta for data availability reasons. Along with the new EU states, the
country set includes Croatia, Macedonia (FYR), Bulgaria and Romania.
2 For Cyprus, Romania and Croatia, a wholesale price index is used instead of the producer price index.
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through to import prices. Unfortunately, the (limited) empirical evidence on the import
price pass-through in small open economies so far has failed to provide a clear-cut
answer to this issue.1

Consumer prices are expressed in the CPI terms for all countries. However, a specific
feature for most countries in Central and East Europe is that a significant share of
prices that are included in the consumer basket are not determined by the market
forces but rather set administratively by the government. To the extent that decisions
about changes in these prices are often made independently of currency movements,
they should be excluded from the analysis. As not all countries explicitly calculate a
price index that excludes these administratively regulated prices, it was impossible to
calculate a price index that would include only the prices that are determined by market
forces. The use of CPI thus introduces a downward bias in the pass-through estimates
(as Chart 2 illustrates, in the case of Latvia using CPI instead of a market-based price
index lowers the estimated pass-through by about 10 percentage points).

1 J. M. Campa and L. S. Goldberg in their study are able to reject the hypothesis that the long run pass-through is significantly
different from one at conventional significance levels for Czech Republic and Poland, but not for Hungary.(11) Also, J. Lee
(1997) demonstrates that exchange rate fluctuations are not fully passed through into import prices in Korea, even though
Korea is a small and open economy.(45)

In addition, cross-country differences of the estimated pass-through might be caused
by different structures of the CPI basket. As shown in Chart 3 using Latvia as an
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example, the response to exchange rate changes generally varies across different
product groups, with both the size and the speed of adjustment related to the degree
of international tradability of the specific product group. The implicit assumption in
the following cross-country analysis is that the structure of the CPI basket is generally
similar across countries, but this does not necessarily hold in practice.

The next variable that enters the VAR model is the nominal effective exchange rate.
Even though some countries have opted for a fixed exchange rate regime thus limiting
nominal exchange rate movements, there is still a considerable degree of variation in
the effective nominal exchange rate that allows the exchange rate pass-through
estimation even for these countries. Using the effective rate that is based on the country
rather than currency shares could, however, introduce a bias. In particular, for countries
with closer than average trade relations with other emerging and transition economies,
the calculated effective nominal exchange rate is presumably more volatile than the
underlying exchange rate relevant for pass-through calculations. Thus, for countries
whose import share from Russia is relatively high, the trade weighted nominal effective
exchange rate will be more volatile due to strong fluctuations of their exchange rate
against the Russian currency. However, to the extent that trade with Russia and other
CIS countries is invoiced predominantly in other currencies (mainly the US dollar),
these fluctuations would not affect the pricing decisions of firms. Thus, the weighted
effective exchange rate of a respective import currency would be more relevant.
Unfortunately, apart from the Baltic countries, data limitations prevented the
calculation of the currency-weighted exchange rate. As a result, for all other countries,
the estimated degree of pass-through again may be biased downwards.

As additional variables, the VAR model includes the measure of the output gap that
accounts for possible demand side shocks to inflation1, and interest rates to account
for a possible impact of monetary policy. In addition, the model includes a measure of
the broad monetary aggregate. The inclusion of money in the model was necessary to
account for the fact that in several East European countries up to the mid-1990s,

1 The output gap is calculated by applying the Hodrick-Prescott filter to a seasonally adjusted three months moving average
index of industrial production.
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inflation/hyperinflation was caused by a rapid monetary expansion, so that the close
link between the growth of money and inflation was observed not only in the long but
also in the short run. Finally, instead of oil prices that are commonly used in the
literature, the model includes the Harmonised Index of Consumer Prices (HICP) for
the euro area as an exogenous variable that accounts for various supply side shocks.

The model is based on monthly observations during the sample period of January
1993–June 2003.1 The whole sample period for each country, however, is broken into
two sub-sample periods in order to assess changes in pass-through in each country
over time. In addition, the estimation over various time periods is motivated by the
fact that during the last ten years, most of East European countries have experienced
changes in either the inflation rate, the exchange rate regime, or, indeed, both.

Thus, for countries where the fixed or managed exchange rate regime was replaced by
the direct inflation targeting regime, or the floating exchange rate regime was replaced
by fixed or managed exchange rates, the date of the introduction of the new regime
serves as a breaking point. For countries that during the whole sample period did not
experience formal exchange rate regime shifts, the estimates of pass-through are
obtained for two periods of broadly equal length, with the first period stretching from
1993 to 1997, and the second lasting from 1998 to mid-2003. These sub-samples are
also broadly in line with an observed pattern of transition from high/moderate inflation
rates to the environment of moderate/low inflation rates for most of the sample
countries. Hence, the estimation of pass-through over these two periods would allow
comparing the degree of pass-through in East European countries under different
inflationary environments.

Prior to the estimation stage, the time series properties of the variables were assessed
using the Augmented Dickey–Fuller (ADF) unit root tests. The results of these tests
are given in Table 12 (see Appendix). The unit root tests generally indicate a maximum
of one integration order for most variables in most countries. The hypothesis of the
variable being I(1) is rejected for the CPI in the case of Hungary, and for the monetary
aggregate in the case of Hungary, Bulgaria and the Slovak Republic; in all cases the
variables refer to the first sub-sample period. Moreover, for 8 out of 13 sample countries
the ADF tests could not convincingly reject the hypothesis that the nominal interest
rate is a stationary variable in the second sub-sample period. However, to facilitate
the comparison across countries and different time periods, all variables (except the
output gap) will be treated as being I(1) over the whole sample period in the following
analysis.3

1 For Latvia, Lithuania, Croatia and Macedonia (FYR) the sample period starts from January 1994.
2 The output gap variable is stationary given the way it is constructed, and is therefore not included in the stationarity
analysis.
3 The estimation exercise with different assumptions about the degree of integration for the interest rate variable showed
little variation in the estimates of exchange rate pass-through. E. Hahn reports similar results.(36) In addition, the low power
of the unit root tests in samples with relatively short time series must be noted, hence making this estimation strategy plausible.
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The results of the unit root tests imply that the VAR model must be estimated in first
differences of the I(1) variables. In addition, the results may indicate the existence of
one or several cointegration vectors that capture long-term relationships between the
nonstationary variables. The Johansen cointegration tests indeed tend to confirm the
existence of several cointegration vectors for many sample countries. Nevertheless,
the model is still estimated in an unrestricted first difference VAR framework. First,
the time period analysed here is still relatively short and certainly too short to argue
that stable long-term relationships existed in all East European countries, especially
considering their status of transition economies. Second, the slow speed of adjustment
to the long-term equilibrium values grants those long-term relationships only limited
value from the policy maker's perspective. For the purpose of this study, however, the
response of domestic prices to the exchange rate over relatively short time horizons is
of most relevance, hence the estimation of the VAR in first differences seems to be
appropriate.

Against this background, the model incorporates the following vector of endogenous
variables for the country j: X t

j = (∆neert
j, ∆mt

j, ∆it
j, gapt

j, ∆ppit
j, ∆cpit

j)', where neer is the
nominal effective exchange rate, m is the broad monetary aggregate, i denotes the
money market interest rate (usually measured as a 3 month interbank rate), gap is the
measure of the output gap, ppi denotes the producer price index, cpi stands for the
consumer price index, and ∆ is a first difference operator. In addition, the model
includes an exogenous foreign price variable that is common to all countries, ∆pft . All
variables, except interest rates, are transferred into natural logarithms.

The Cholesky decomposition method is applied to identify the structural shocks in
the model. For the first sub-sample period, the ordering of variables for most of the
countries that had a strictly managed exchange rate regime was chosen as described
above. This ordering implies a contemporaneous impact of nominal exchange rate
shocks on all other variables, with no contemporaneous impact from other shocks to
the nominal exchange rate. A similar ordering of variables is used for the countries
that maintained their fixed exchange rate regimes or adopted fixed exchange rates in
the second period (e.g. Bulgaria). However, for the countries that either had a flexible
exchange rate regime over both sample periods or replaced the exchange rate targeting
with direct inflation targeting, the nominal exchange rate variable was moved between
the output gap and the producer price index variables in order to account for the
independent monetary policy and the possibility of contemporaneous impact of real
and nominal shocks on the exchange rate. Generally, different ordering schemes did
not change the results in any meaningful way, so the estimated degree of pass-through
is rather robust with respect to assumptions about the nature of structural shocks
under the chosen decomposition method.

The estimates of exchange rate pass-through obtained from the above-described model
are given in Table 2 (see Appendix). These estimates are derived as standardised
(accumulated) responses of producer price and consumer price inflation as a result of
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a 1% shock to the nominal exchange rate over a two-year (24 months) period. Ad-
ditionally, Chart 4 presents the Latvian sample of pass-trough estimates together with
Monte Carlo standard errors with 1 000 repetitions for both the full sample and the
last sub-sample. As is seen from the Chart, standard errors surrounding the estimates
are typically rather large, thus complicating the derivation of precise pass-through
estimates.

Theoretically, these estimates should fall in the range from 0 to 1. In practice, for
some countries in the first sub-sample period the estimated pass-through exceeds 1,
thus suggesting that the estimates obtained from the VAR model are possibly rather
imprecise. They could, however, also describe the overshooting behaviour of price
setters in the event of anticipated cost shocks, given that most cases when the degree
of the estimated pass-through exceeds 1 occur in the first sub-sample period for the
countries with relatively high inflation rates at that time.

Several observations can be made on the basis of the results given in Table 2 (see
Appendix). First, the estimated degree of exchange rate pass-through varies con-
siderably across countries. Thus, the estimated pass-through to consumer prices one
year after the exchange rate shock ranges from 14% in the Czech Republic to over
60% in Cyprus (i.e. the estimates for the most recent period). However, the estimates
still indicate an incomplete pass-through to both producer and consumer prices.

Second, the degree of pass-through to producer prices is constantly higher than the
pass-through to consumer prices. Hence, the estimates are in line with the observation
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that transport and distribution costs may significantly affect the final price of many
consumer goods sold in East European countries.

Third, the estimated pass-through appears to have been declining in most countries
over time in terms of both the producer and consumer prices, and in many cases the
decline in pass-through seems to be significant. Thus, during the first sub-sample
period, the exchange rate shocks were on average fully transmitted to producer prices
over a twelve months period, whereas during the second sub-sample period only around
50% of the exchange rate changes were transferred to producer prices. Similarly, the
pass-through to consumer prices over a twelve-month horizon has declined from an
average of 62% to an average of 31%. In both cases, the results imply a decline in
pass-through by about a half. As illustrated in Chart 5, the estimated decline of the
exchange rate pass-through to both consumer and producer prices has been rather
robust with respect to different time horizons, but it is particularly strong for the
estimated long term pass-through.

Fourth, even though the degree of pass-through has declined in all East European
countries, these estimates are generally higher than the ones obtained for industrial
countries using similar methodology (e.g. E. Hahn, J. McCarthy (36, 47)). This may
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be due to the fact that countries in East Europe generally tend to be more open to
international trade than advanced industrial countries.

Fifth, the higher degree of openness of East European countries and the widespread
use of short-term contracts in international transactions may also explain why the
response of prices to exchange rate changes is on average more rapid than in the case
of the industrial countries. For East European countries considered in this study,
over 50% of the estimated long-term response occurs during the first three months
after the exchange rate shock, and most of the response is passed-through over a six
months period.

Finally, countries with rigid exchange rate regimes (e.g. the Baltic States ) appear to
have a somewhat higher exchange rate pass-through than countries with at least some
exchange rate flexibility (e.g. the Czech Republic, Hungary). This, however, does not
necessarily imply that higher exchange rate flexibility should lead to a lower exchange
rate pass-through, since, as is seen from Table 2 (see Appendix), for the latter group
of countries the estimated degree of pass-through was rather low also during the
period of fixed exchange rates. Moreover, the pass-through appears to have declined
also for countries like Bulgaria that switched from a flexible to a fixed exchange rate
regime.

To sum up, the general overview of pass-through developments in East European
countries during 1993–2003 shows a consistent and significant decline in the pass-
through over a broad range of time horizons and different price indices. The observed
decline in conjunction with a considerable cross-country variation forms the basis for
the next investigation stage where the observed pass-through behaviour is related to
various macroeconomic factors emphasised by the economic theory.

3.2 Pass-Through Determinants

As discussed in Chapter 2, various theories developed in the economic literature up
to date offer several complementary factors that might help to explain the observed
behaviour of the exchange rate pass-through in industrial countries. Some of them,
like inflation rate and inflation persistence (J. B. Taylor (60), exchange rate flexibility
(K. A. Froot and P. D. Klemperer (29), M. B. Devereux and C. Engel (20), or the
existence of trade costs (M. Obstfeld and K. Rogoff (53), A. T. Burstein, et. al.(10))
are macroeconomic factors. Others, like menu costs (N. G. Mankiw (46)), market
structure, the degree of substitutability between foreign and domestic goods
(R. Dornbusch (23), J. Menon (48)), the size of the non-tradables sector (P. Bacchetta
and E. van Wincoop (6)), or the structure of imports (P. Krugman (42), J. M. Campa
and L. S. Goldberg (11)) are based on microeconomic foundations. In this chapter, a
cross-country comparison will hopefully provide an answer whether those factors are
also relevant for East European countries.
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To this end, the estimated pass-through elasticities are regressed against the average
values of various economic variables during the two sub-sample periods. Thus, the
regression will capture cross-country differences and within-country changes of pass-
through over time. The following set of variables is considered for the analysis.

Variables of the average inflation rate and inflation rate persistence (obtained from
the autoregression on inflation) capture different aspects of relationship between
inflation and the pass-through. According to theory, the pass-through is positively
related to the former and negatively related to the latter. Similarly, a positive
relationship between the exchange rate persistence and the pass-through is expected.
The degree of openness is measured as the ratio of imports to GDP. The positive link
between the degree of openness and the pass-through follows from the trivial
assumption that a more extensive volume of imports implies a larger group of goods
that are affected by changes in the exchange rate. However, a positive relationship
between the two variables may also be derived from theories that emphasise the market
structure, as a larger share of imports plausibly implies lower elasticity of substitution
between foreign and domestic goods. Moreover, a share of machinery and electronic
equipment in total imports of goods is used as a proxy variable to capture the possible
impact on the pass-through arising from the changing structure of foreign trade. As
indicated by the pricing-to-market models, a higher share would lead to a lower overall
pass-through. The importance of trade costs in East European countries is already
highlighted by the different responses of producer and consumer prices to exchange
rate shocks. However, to further capture possible effects that are caused by the presence
of the non-tradables sector, the analysis also includes the share of services in the total
value added.

Table 3 (see Appendix) first shows the correlation matrix for the above-mentioned
variables in cases of both the full sample and a narrower one that consists only of the
new EU Member States (NMS). The service variable appears to have a rather high
correlation with other variables in the system, so it would be difficult to isolate the
impact of this variable on the pass-through in the regression. Moreover, the average
inflation rate is significantly correlated with the inflation persistence variable.
Nevertheless, the correlation in both cases is not sufficiently high to exclude these
variables from the analysis ex ante.

The behaviour of estimated pass-through coefficients reported in Table 2 (e.g. the
decline in pass-through over time is related to the degree of pass-through in the first
period; see Appendix) suggests a log linear specification of the regression. Given that
the sample consists of 13 countries and two sub-sample periods, final results are more
likely to be affected by cross-country variation rather than variation over time.
Therefore, along with other explanatory variables the regression also includes a dummy
whose value is 0 in the first sub-sample period and 1 in the second period. This allows
determining whether changes in pass-through can be successfully explained by the
selected variables, or whether they are caused by other factors not included in the
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model. Moreover, an additional dummy is included for countries that have adopted
an inflation-targeting regime in order to account for the possibility that along with
economic variables changes in monetary policy may also affect the behaviour of pass-
through. Given the small sample of data, the final specification, in addition, includes
only statistically significant variables to preserve the maximum degree of freedom.1

The results of the regression for both the full country sample and the sample consisting
only of the new Member States are presented in Table 4 (see Appendix). Furthermore,
robustness of the results is checked across different time horizons and price indices.

According to the economic theory and empirical studies on industrial countries, a
higher average inflation rate is consistent with a stronger exchange rate pass-through
also in the East European countries. This result is significant across different country
samples and different time horizons at which the pass-through is measured. It is insig-
nificant only in the case of producer price pass-through for the full sample, though it
becomes significant again if only NMS are considered. On average, a 10% decline of
the average inflation rate is associated with a 2% decline in the pass-through.

Similarly, with the exception of producer prices for the full sample, there is a positive
and statistically significant link between the exchange rate persistence and the degree
of the pass-through. Estimates for the full sample imply that an increase in the exchange
rate persistence by 10% leads to an increase in the exchange rate pass-through by
about 2%–3%. In the case of the new EU countries, this relationship is even stronger
and ranges from 3% to 4%.

The regression results also indicate the importance of microeconomic factors affecting
the pass-through behaviour. Thus, an increase of 10% in the share of machinery and
electronic equipment in total imports in both country samples is associated with a
decline in the exchange rate pass-through to producer prices by 5%–6% and to
consumer prices by 8%–10%.

The results of the importance of the degree of openness are rather mixed. The share
of imports appears to be significantly linked with the exchange rate pass-through in
the full sample, but it is not significant for the narrow sample of the new EU Member
States. A possible explanation for this result may be that, on the one hand, increasing
imports imply a higher pass-through to the larger volume of goods whose prices depend
on exchange rate movements, while, on the other hand, higher imports also imply
tightening of competition in the domestic market and hence tend to reduce the likely
impact on the exchange rate pass-through.

1 The relatively low number of observations also does not allow testing for the presence of the fixed effects in the data.
However, as the time dimension of the data has been broken down into two sub-periods with rather different behaviour of
the macroeconomic variables across these periods even for one single country, the regression can be viewed as pure cross-
section estimation. Data averages in this cross-section specification implies that the results may be interpreted as long-term
relationships between the variables, as in the case of the between group estimates (see, e.g. J. Ventura (61)).
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The inflation rate persistence and service variables do not appear to have any
explanatory power regarding the pass-through behaviour in East European countries,
although this result may be explained, at least partly, by possible multicollinearity of
these variables.1 In addition, the dummy for inflation targeting regime does not enter
significantly in any of the regression results, thus suggesting that even if the change of
the monetary policy regime matters for the exchange rate pass-through, its impact is
likely to have been captured by the selected macroeconomic variables. Finally, apart
from producer prices in the full sample, the dummy for the second sub-sample period
is insignificant, suggesting that the variables considered in the regression can explain
not only a cross-country variation but also changes in the pass-through over time. On
average, in terms of the consumer price pass-through over a medium term horizon,
various economic factors explain some 60%–80% of the observed variation within the
sample.

Overall, the regressions thus indicate several variables that have a significant impact
on the pass-through in East European countries. However, such variables as the degree
of openness and the structure of imports usually are not subject to significant changes
during short time periods. Such macroeconomic variables as the inflation rate and the
exchange rate persistence, on the other hand, could potentially be more volatile and
thus affect also the pass-through in the short term. As a result, these variables are
likely to be more important from the policy makers' perspective.

Against this background, Chart 6 shows the contribution of the two macroeconomic
variables to the observed percentage changes of the estimated exchange rate pass-
through over the two sub-sample periods for several East European countries. As is
seen from the Chart, macroeconomic factors explain on average 48% of the observed
weakening of pass-through in these countries, with declining average inflation rates
explaining 32% of the reduction and lower exchange rate persistence accounting on
average for 16%. However, these averages do not reveal the considerable variation in

1 One has to note, however, a relatively short time period in which the possible impact of inflation targeting regime in the
East European countries can be measured. It is plausible that the impact of monetary policy changes might be detected over
longer time horizons.
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both the total contribution of macroeconomic factors and their relative importance
across countries.

Thus, for instance, for the Baltic countries the contribution of the exchange rate
persistence to pass-through changes is insignificant, reflecting the fact that their
exchange rate regimes have actually remained unchanged during the whole sample
period. As a result, most of the impact on the exchange rate has come from the declining
inflation rate and other factors, e.g. a changing trade structure and an increasing degree
of openness. In the case of Bulgaria, the effect of the declining inflation rate is largely
offset by the impact of a higher exchange rate persistence resulting from the fixed
exchange rate regime introduced in the second sample period. For two countries that
have adopted a direct inflation targeting regime (the Czech Republic and Hungary),
the resulting decline in the exchange rate persistence has actually been the most
important factor behind the observed reduction in the exchange rate pass-through.
By contrast, the contribution of the exchange rate to the declining pass-through in
Poland has been relatively small despite the introduction of the inflation-targeting
regime, possibly highlighting the fact that despite formal changes in monetary policy
framework many countries in East Europe are still hesitant to let their currencies
float freely.
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CONCLUSIONS

The paper examines the exchange rate pass-through in a set of 13 East European
countries during the period of 1993–2003. The pass-through estimates are derived
from a recursive VAR model in first differences, and the impact of exchange rate
changes on both the producer and the consumer prices is studied.

The estimates obtained for two sub-sample periods generally show an incomplete
pass-through over a two-year horizon. In addition, the results imply a considerable
cross-country variation and suggest that a significant decline (by nearly 50%) in the
pass-through is possible over time. However even for the most recent period, the
estimated degree of pass-through in East European countries is on average larger
than similar estimates obtained for industrial countries. Moreover, the speed of the
exchange rate transmission to domestic prices is relatively high in these countries
when compared to the estimates for industrial countries.

Across different periods, the exchange rate pass-through seems to decline along the
product distribution chain, thus implying that trade and distribution costs can have
considerable impact on the degree at which exchange rate changes are transmitted to
domestic prices. However, the regression results reveal that there are more factors
that account for the observed differences in pass-through across both the countries
and the periods.

In particular, it is found that the exchange rate pass-through in East European countries
is positively and statistically significantly related to the average inflation rate and the
degree of exchange rate persistence. Moreover, the results confirm the existence of
strong relationship between the pass-through and changes of the import structure.
Finally, there is some limited evidence that the magnitude of the exchange rate pass-
through might be positively related to the degree of openness to foreign trade of a
country.

The observed behaviour of the exchange rate pass-through has several implications
for monetary policy. There is a reasonably large amount of studies that address issues
of the monetary policy design in the presence of an incomplete pass-through.(21, 57,
2, 3, 50) For the countries considered herein, especially those that recently joined the
EU, arguably the most important aspect in this regard is the relationship between the
exchange rate pass-through and the exchange rate policy.

It may be argued, for instance, that in the environment of high inflation rates observed
in many East European countries, when the exchange rate pass-through was relatively
high, the adoption of the fixed exchange rate policy was completely justified. The high
exchange rate pass-through enhanced the effectiveness of exchange rate-based
stabilisation policies. The high degree of pass-through also implied that the level at
which the exchange rate was fixed had little impact on the real economy. However,
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when inflation rates in these countries declined over time, the stabilising role of the
exchange rate diminished along with the decreasing pass-through effect. On the other
hand, the role of the exchange rate in the real economy gradually increased as shocks
to the nominal effective exchange rate produced increasingly persistent deviations of
the real exchange rate from the equilibrium level. In these circumstances, several
countries opted for abandonment of their fixed exchange rate regimes as the central
banks in these countries became less concerned about the impact of exchange rate
fluctuations on the inflation rate, and instead allowed their currencies to respond to
various economic shocks. The move towards more flexible exchange rate regimes
tended to reduce the degree of the exchange rate pass-through even further. For
countries, which retained rigid exchange rate regimes either explicitly or implicitly,
the decline in pass-through was relatively less pronounced. As a result, exchange rate
fluctuations are relatively more important in determining inflation and relatively less
important for the real economy in these countries.

These observations have several implications for the design of the exchange rate policy
in the new EU countries in the light of their envisaged ERM II participation, as the
conclusions derived from the analysis of the pass-through can be used to determine
the optimal level of the central parity and possible fluctuation bands. For instance, a
widely shared argument that the appreciation of the nominal exchange rate in the
context of considerable capital inflows would support the disinflation process and
thus enhance the compliance with the Maastricht inflation criterion could not be fully
appropriate in the case of a low exchange rate pass-through. On the other hand, a low
exchange rate pass-through implies that nominal exchange rate fluctuations have a
long-lasting impact on the real exchange rate, so it is crucial that the chosen central
parity is broadly consistent with the equilibrium real exchange rate. Hence for the
new EU members with flexible exchange rate arrangements it is more appropriate to
enter the ERM II with relatively wide fluctuation margins, if the optimal level of the
exchange rate is not known. However, as soon as the decisions regarding the optimal
level of the central parity are made, the adoption of narrower fluctuation margins
seems reasonable. For countries with fixed or more rigid exchange rate regimes and,
therefore, a higher implied degree of the exchange rate pass-through the level of the
central parity is relatively less important. Hence the entry into the ERM II at current
market rates or market rates on the day of joining the ERM II is arguably the most
appropriate policy option. Moreover, taking into account the relatively close link
between nominal exchange rate changes and inflation, the adjustment of the central
parity within the ERM II is likely to be an effective policy tool in the event of rising
inflationary pressures.



28

APPENDIX

Table 1

ADF TEST STATISTICS FOR ENDOGENOUS VAR VARIABLES

neer ∆neer ppi  ∆ppi cpi   ∆cpi m   ∆m i   ∆i

Bulgaria

(01.1993–06.1997) –0.57 –6.17**  1.25 –4.56**  2.12 –4.29**  3.44 –2.11 –2.32 –3.65**

(07.1997–06.2003) –3.25* –6.99** –2.08 –6.17** –1.94 –5.46**  0.99 –5.23** –1.99** –10.7**

Cyprus

(01.1993–12.1997) –2.58 –4.84** –2.13 –7.86** –0.51 –9.93** –6.20** –7.18** –2.33 –2.18**

(01.1998–06.2003) –0.64 –6.17** –2.50 –5.66** –3.42* –11.1** –1.68 –11.8** –1.59 –9.43**

Czech Republic

(01.1993–12.1997) –1.47 –4.36** –1.64 –6.65** –2.97 –7.32** –0.61 –4.79** –3.27* –7.27**

(01.1998–06.2003) –1.89 –7.42** –2.60 –6.08** –3.15 –2.20** –2.91 –2.82** –3.84** –6.39**

Croatia

(01.1998–06.2003) –2.19 –6.11** –1.02 –9.77** –2.78 –6.27** –1.99 –7.61** –3.17* –9.19**

Estonia

(01.1993–12.1997) –1.86* –5.45** –1.05 –6.14** –0.01 –4.08** –3.51* –5.66** –2.31 –8.69**

(01.1998–06.2003) –1.83 –6.65** –1.12 –5.85** –1.56 –5.82** –1.97 –8.73** –4.07** –9.91**

Hungary

(01.1993–03.2001) –0.27 –8.03** –1.70 –6.05** –0.13 –2.31 –2.64 –2.44 –2.77 –7.07**

(04.2001–06.2003) –2.21 –4.31** –1.85 –4.88** –3.29* –3.66** –3.14 –3.60** –1.50 –3.41**

Latvia

(01.1994–12.1997) –1.86 –5.01** 2.18 –3.48** 2.81 –4.12** –1.89 –5.29** –1.25 –10.7**

(01.1998–06.2003) –1.57 –5.28** 0.22 –6.53** –0.79 –7.11** –2.13 –7.75** –2.55* –9.06**

Lithuania

(01.1993–12.1997) –1.39 –6.90** –0.52 –7.95**  2.22 –4.98** –2.40 –4.41** –1.37 –8.14**

(01.1998–06.2003) –2.56 –6.47** –0.99 –6.59** –2.80 –8.49**  2.16 –6.76** –5.18** –10.8**

Macedonia (FYR)

(01.1994–12.1998) –1.39 –6.98** n.a. n.a. –3.12* –6.08** –2.75* –8.64** –2.34 –16.9**

(01.1999–06.2003) –6.46 –6.96** n.a. n.a. –7.01** –13.2** –3.83** –8.01** –2.11 –6.46**

Poland

(01.1993–12.1999) –2.60 –6.60** –2.14 –7.97** –1.02 –6.85** –1.07 –12.2** –2.94 –13.8**

(01.2000–06.2003) –2.28 –4.29** –2.61 –4.07** –3.10* –3.92** –1.06 –2.62* –2.97 –8.13**

Romania

(01.1993–12.1997) –2.61 –4.12** –2.62 –4.77** –2.45 –3.79** –2.98 –9.38** –1.58 –3.99**

(01.1998 –06.2003) –0.64 –6.45** –1.00 –3.78** –3.01* –4.43** –2.19 –9.11** –3.69** –7.24**

Slovak Republic

(01.1993–09.1998) –2.44 –6.36** –2.20 –4.99** –2.00 –6.48** –1.81 –0.57 –2.10 –8.52**

(10.1998–06.2003) –2.25 –3.51** –0.78 –3.26** –1.10 –4.51** –1.93 –9.72** –4.90** –16.7**

Slovenia

(01.1993–12.1997) –1.37 –4.72** –0.35 –6.91** –1.59 –7.35** –1.84 –12.2** –2.73* –9.03**

(01.1998–06.2003) –2.58 –4.84** –2.13 –7.86** –0.51 –9.93** –6.20** –7.18** –2.33 –2.18**

Notes: ** (*) indicate significance of the ADF test statistic at the 5% (10%) level.
n.a. – no data available.
The number of lags was chosen on the basis of the Schwarz information criteria.
All specifications in levels include a constant and, where necessary, also a deterministic trend.
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Number

of lags in

VAR

Notes: The choice of the number of lags is based on the Schwarz information criteria and lag exclusion tests.
The degree of pass-through is estimated as percentage deviation of a given price index from the baseline following a 1% change
in the nominal effective exchange rate.
n.a. – no data available.

Table 2

ESTIMATES OF EXCHANGE RATE PASS-THROUGH FOR SELECTED EAST EUROPEAN COUNTRIES

Pass-trough to producer prices after: Pass-trough to consumer prices after:

3 6 12 24 3 6 12 24

months months months months months months months months

Bulgaria

(01.1993–06.1997) 4 0.97 1.11 1.25 1.47 0.8 0.98 1.11 1.19

(07.1997–06.2003) 2 0.53 0.64 0.63 0.63 0.44 0.47 0.47 0.48

Cyprus

(01.1993–12.1997) 3 0.91 1.00 1.02 1.02 0.59 0.72 0.79 0.79

(01.1998–06.2003) 2 0.47 0.63 0.64 0.64 0.53 0.60 0.63 0.63

Czech Republic

(01.1993–12.1997) 4 0.19 0.35 0.60 0.75 0.02 0.14 0.21 0.30

(01.1998–06.2003) 2 0.16 0.18 0.22 0.23 0.05 0.09 0.13 0.14

Croatia

(01.1998–06.2003) 2 0.26 0.33 0.34 0.34 0.18 0.23 0.35 0.36

Estonia

(01.1993–12.1997) 2 0.70 1.05 1.08 1.09 0.59 0.67 0.72 0.73

(01.1998–06.2003) 2 0.33 0.55 0.57 0.57 0.21 0.35 0.34 0.34

Hungary

(01.1993–03.2001) 2 0.65 0.72 0.75 0.75 0.14 0.24 0.27 0.28

(04.2001–06.2003) 1 0.27 0.36 0.39 0.40 0.15 0.20 0.21 0.21

Latvia

(01.1994–12.1997) 3 0.74 0.96 0.99 1.00 0.07 0.47 0.51 0.58

(01.1998–06.2003) 3 0.18 0.27 0.33 0.36 0.13 0.25 0.26 0.26

Lithuania

(01.1993–12.1997) 2 0.35 0.68 1.11 1.43 0.22 0.44 0.73 1.00

(01.1998–06.2003) 2 0.27 0.39 0.58 0.70 0.22 0.24 0.28 0.39

Macedonia (FYR)

(01.1994–12.1998) 3 n.a. n.a. n.a. n.a. 0.26 0.44 0.66 0.73

(01.1999–06.2003) 2 n.a. n.a. n.a. n.a. 0.21 0.29 0.30 0.30

Poland

(01.1993–12.1999) 3 0.48 0.61 0.64 0.64 0.29 0.47 0.51 0.51

(01.2000–06.2003) 2 0.45 0.54 0.55 0.55 0.28 0.31 0.34 0.34

Romania

(01.1993–12.1997) 3 0.56 0.74 0.74 0.76 0.58 0.70 0.70 0.71

(01.1998–06.2003) 3 0.07 0.16 0.26 0.32 0.09 0.14 0.23 0.24

Slovak Republic

(01.1993–09.1998) 2 0.31 0.90 0.96 0.96 0.35 0.47 0.47 0.47

(10.1998–06.2003) 1 0.44 0.48 0.50 0.51 0.21 0.21 0.23 0.23

Slovenia

(01.1993–12.1997) 3 0.50 0.89 1.09 1.05 0.55 0.71 0.71 0.74

(01.1998–06.2003) 3 0.14 0.38 0.47 0.49 0.17 0.23 0.32 0.33

Average: period 1 0.58 0.82 0.93 0.99 0.37 0.54 0.62 0.67

Average: period 2 0.30 0.41 0.46 0.49 0.22 0.28 0.31 0.33
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Table 4

REGRESSION ESTIMATES

a. Full Sample

Dependent variable:

Pass-through to Pass-through to Pass-through to Pass-through to

producer prices consumer prices consumer prices consumer prices

after 12 months after 6 months after 12 months after 24 months

Coeff. t-statistic Coeff. t-statistic Coeff. t-statistic Coeff. t-statistic

ainf 0.022 0.40 0.177** 2.34 0.202** 3.64 0.215** 4.35

mach –0.486** –3.03 –0.804** –4.48 –0.753** –5.71 –1.087** –5.62

erpers 0.042 0.39 0.280* 1.77 0.262** 2.13 0.207* 1.81

open 0.350** 2.81 0.220 0.96 0.264* 1.96 0.318** 2.14

infpers –0.006 –0.04 –0.124 –0.43 0.110 0.65 0.208 1.36

service 0.322 0.86 0.629 1.06 0.411 1.66 0.587 1.27

D_2 –0.718** –6.44 –0.473 –1.39 –0.234 –1.22 –0.257 –1.23

D_IT 0.109 0.34 0.142 0.29 0.018 0.07 0.046 0.20

Adjusted R2 0.703 0.428 0.609 0.694

Jarque–Bera 0.499 2.109 3.471 0.712

statistic [0.799] [0.348] [0.176]  [0.700]

White test 10.03 1.164 7.040 8.967

statistic [0.187] [0.884] [0.317] [0.345]

Table 3

CORRELATION MATRIX FOR EXPLANATORY VARIABLES

a. Full sample

ainf mach open service infpers erpers

ainf 1 –0.336 –0.297 –0.636 0.477 0.248

mach 1 0.234 0.290 –0.009 –0.169

open 1 0.531 –0.287 –0.449

service 1 –0.403 –0.353

infpers 1 0.386

erpers 1

b. New EU Member States

ainf mach open service infpers erpers

ainf 1 –0.226 –0.027 –0.493 0.576 0.325

mach 1 0.131 0.269 0.014 –0.359

open 1 0.182 –0.191 –0.388

service 1 –0.404 –0.059

infpers 1 0.304

erpers 1

Notes: All variables are expressed in natural logarithmic terms.
The variables are defined as follows: ainf – average inflation rate, mach – the share of machinery and electronic equipment in
total goods imports, open – the ratio of imports to GDP, service – the share of services in total value added, infpers – inflation
persistence, erpers – exchange rate persistence.
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b. New EU Member States

Dependent variable:

Pass-through to Pass-through to Pass-through to Pass-through to

producer prices consumer prices consumer prices consumer prices

after 12 months after 6 months after 12 months after 24 months

Coeff. t-statistic Coeff. t-statistic Coeff. t-statistic Coeff. t-statistic

ainf 0.225** 3.75 0.147* 1.65 0.195** 2.87 0.208** 3.68

mach –0.647** –6.30 –0.931** –5.65 –0.884** –7.61 –0.906** –9.36

erpers 0.314** 3.20 0.426** 2.71 0.393** 3.55 0.425** 4.61

open 0.038 0.27 0.038 0.14 0.052 0.32 0.095 0.71

infpers 0.237 1.55 0.111 0.44 0.108 0.70 0.228 1.58

service –0.452 –1.16 0.307 0.63 0.187 0.90 0.042 0.17

D_2 –0.315 –1.71 –0.079 –0.22 0.021 0.09 –0.076 –0.37

D_IT –0.033 –0.16 0.128 0.32 0.164 0.64 0.188 0.84

Adjusted R2 0.705 0.543 0.722 0.809

Jarque–Bera 0.872 1.056 1.173 2.114

statistic [0.646]  [0.586] [0.556] [0.347]

White test 4.801 3.182 4.520 5.293

statistic [0.569] [0.785] [0.607] [0.507]

Notes: ** (*) indicate significance of the variable at the 5% (10%) level.
All variables are expressed in natural logarithmic terms.
Final coefficient estimates for the significant variables are obtained from the regression with all the insignificant variables
dropped. The coefficients for insignificant variables are given for illustration purposes only.
p-values are given in brackets.
The variables are defined as follows: ainf – average inflation rate, mach – the share of machinery and electronic equipment in
total goods imports, open – the ratio of imports to GDP, service – the share of services in total value added, infpers – inflation
persistence, erpers – exchange rate persistence, D_2 – dummy for period 2, D_IT – dummy for inflation target regime.
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