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Abstract

The dissertation consists of four empirical papers in the field of monetary economics. 
The first paper examines the extent of real exchange rate misalignment in the selected 
euro area countries, the next two papers shed light on macroeconomic spillovers in 
the remaining EU countries which are not part of the single currency area, while the 
last paper focuses on the exchange rate pass-through in the Czech Republic.

In the first paper, I use the behavioral equilibrium exchange rate approach to 
examine the real exchange rate misalignment in 12 euro area countries over the 
period 1980-2014. In a panel cointegration setting, I find significant links between 
the real exchange rate, relative productivity, trade balance, terms of trade and money 
supply. I also show the extent of overvaluation in the euro area periphery has been 
increasing since late 2000s. This trend stopped in the end of the studied period as 
inflationary differentials in these countries became negative.

In the second and third papers I examine macroeconomic spillovers within the 
European Union, namely how shocks originating in the euro area affect output and 
prices in the remaining EU countries which are not part of the single currency area. 
While both studies share the same methodological framework - a global VAR - they 
are different in terms of specification, variable selection as well as conceptual under
pinnings.

The second paper focuses on shocks to the euro area conventional monetary policy 
and shocks to the euro area economic activity and the global oil prices. In general, 
I find that these shocks have an effect of same (and expected) sign but of different 
size across the European Union. The obtained results suggest that the response 
of Central European countries to the euro area shocks is almost as strong as the 
response of the euro area countries itself.

The third paper focuses on shocks to the overall euro area monetary policy stance 
(therefore account for both conventional and unconventional measures). I find that 
these monetary shocks have qualitatively expected effects but their quantitative di
mension differs across countries with Southeastern EU economies being less affected 
than their peers from Central Europe. I also find certain evidence that the effects 
of unconventional monetary policy measures are weaker as compared to the conven
tional ones.



Abstract VI

In the last pa,per, I examine the exchange rate pass-through, or how domestic 
prices respond to exchange rate shocks, in the Czech Republic by employing vector 
autoregression models. The average pass-through at the monetary policy horizon 
is approximately 20% at the aggregate level. Regarding the sub-components of the 
used price indices, the degree of pass-through is the greatest for food prices.
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Chapter 1

Macroeconomic Imbalances and 
their Importance for Monetary 
Policymakers

Answering whether the Great Moderation, a well-known period of relative calm in 
macroeconomic volatility since mid-1980s, ended with the financial crisis of 2007-08 
or was simply put on hold is extremely difficult and economists disagree on this issue 
even today. Nevertheless, Hakkio (2007) is certain that the Great Moderation set a 
high standard for today’s policymakers to strive toward.

The enhanced difficulty of conducting policy in today’s world has roots in many 
areas covering both cyclical and structural factors and is fuelled further by ever- 
evolving nature of our economic and financial systems. In my view, imbalances at 
macroeconomic level are among those factors which remain significant sources of 
concern. Thus, re-assessing some of the imbalances observed in the past as well 
as assessing some of the newly-formed ones might bring additional value to policy- 
oriented discussions and hence, also contribute to a prosperous future.

Against this backdrop, my dissertation consists of four separate papers and all of 
them can be linked to some sources of imbalances which are important for monetary 
policy authorities in today’s world.

From the supranational point of view, I imagine the initial euro area set-up might 
be one source of instability. After the launch of single currency, current account im
balances became relatively large in some countries in both directions (i.e. positive 
and negative). Mongelli and Wyplosz (2008) identify two main roots which might 
be behind this development. First, by eliminating exchange rate risk the financial 
integration between individual member countries was significantly fostered. Ability 
to lend and borrow internationally on a large scale combined with the fact the euro 
area’s current account remained relatively balanced (with heterogenous developments
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in individual countries) hints that some countries lend to others, quite possibly indi
rectly. The second explanation might be that current account imbalances may have 
grown because persistent inflation differentials have accumulated over time. With 
a fixed exchange rate, higher inflation means an appreciating exchange rate which 
causes competitiveness to deteriorate and aggregate demand to decrease (Mongelli 
and Wyplosz 2008).

Both points might be particularly concerning as they potentially relate to the 
Walters critique (i.e. a single monetary policy might have polarising, destabilising 
effects on inflation and growth). Mongelli and Wyplosz (2008) derive an illustrative 
theoretical model to provide some perspective on the possibility the Walters critique 
has materialized in the form of current account divergences. The important theo
retical point contained in their work is that the Walters critique is not necessarily a 
fatal outcome. If the model derived in their paper is stable, the current account may 
diverge for a while but it must be corrected by the evolution of inflation and the real 
exchange rate. In that case the process is self-equilibrating and the current account 
divergences are no cause for concern (Mongelli and Wyplosz 2008). The long-run 
correction of current account through the real exchange rate can, however, occur 
only if the real exchange rate does not constantly drift away from its equilibrium 
values. In other words, it is consistent with the country’s fundamentals and is not 
persistently misaligned.

Against this backdrop, the first part of the dissertation provides evidence on the 
real exchange rate misalignment in the 12 initial euro area countries over the period 
1980-2014. To that end, we use a behavioral equilibrium exchange rate (BEER) 
approach and provide evidence on long-run importance of relative productivity, trade 
balance, terms of trade and money supply when assessing real equilibrium exchange 
rates. This evidence is based on two different means of estimation: (i) dynamic 
ordinary least squares motivated by its methodological superiority in small samples 
(Zhang and MacDonald 2014) and (ii) fully modified ordinary least squares aimed 
at strengthening results. Furthermore, the studied period entails the global financial 
crisis and the euro area sovereign debt crisis. Draft-version of this chapter was thus- 
far published only in IES Working Papers [2016, 11].

Another source of imbalance which should be taken into account by monetary 
policy authorities is studied in the next two papers and represent the main part of 
the dissertation. In these two papers, we study the importance of shocks emanating 
in the euro area for the EU member states which kept its national currencies.

While research on a similar topic within the sphere of the US influence is abun
dant, the literature with respect to the euro area and its spillovers on other EU 
countries was rather limited in time of writing and publishing both papers. For in
stance, Benkovskis et al. (2011) focus on spillovers from the euro area to the Czech 
Republic, Hungary and Poland. They conclude the euro area monetary policy is
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a significant factor in all three countries. Namely, the response of real GDP to an 
unexpected increase in the euro area short-term interest rate by 50 basis points is 
negative and statistically significant. Moreover, the strongest reaction is observed 
for Hungary, while the smallest for Poland which could be explained by significantly 
weaker trade links with the euro area. This is confirmed by Keppel and Prettner 
(2015) who investigate economic interdependence of 5 Eastern EU economies (i.e. 
the Czech Republic, Hungary, Poland, Slovenia and Slovakia) with 12 initial euro 
area member states. They find strong responses of output of all 5 economies to 
shocks in the euro area interest rate. Furthermore, they claim increases in the euro 
area interest rates translate into rising interest rates in individual countries.

Another dimension of motivation for exploring this topic lied also in reaction 
to Pesaran et al. (2004) who stimulate interest in application of a global vector- 
autoregression (GVAR) framework to problems of modelling economic interlinkages 
which partly coincides with objectives of my research. Benkovskis et al. (2011), for 
instance, use a factor-augmented VAR estimation of monetary policy spillovers from 
the euro area to non-euro area instead of the standard VAR model. The main reason
ing behind their choice is the standard VAR model can capture only a small number 
of variables, since a larger number leads to a substantial loss of degree of freedom. 
What is more, for small open economies such as those examined in Benkovskis et al. 
(2011) available data series are relatively short which enhances the severity of the 
mentioned limitation even further. Continuing with the other aforementioned exam
ple, Keppel and Prettner (2015) use for investigation of economic interdependencies 
between the euro area and 5 Eastern EU economies also more advanced framework 
in form of a structural vector-error correctin model (VECM). By generalizing the 
model of Prettner and Kunst (2012), they allow for two different currencies in two 
economic areas under one investigation.

Consequently, when starting with my doctoral studies it became obvious that 
use of a reduced-form framework without sufficient theoretical underpinnings would 
not extend the economic research in this area much. For this reason, I decided to 
follow up to the above-mentioned point of Pesaran et al. (2004) and apply GVAR 
which represents a general global modelling framework for quantitative analysis of 
the relative importance of different shocks and channels of transmission mechanisms. 
In a nutshell, it combines time series, panel data, and factor analysis techniques and 
great overview of GVAR literature is included in Chudik and Pesaran (2016). More 
specifically, it combines individual country VECMs, where the domestic variables 
are related to corresponding foreign variables constructed exclusively to match the 
international trade, financial or other, desired patterns of the country under con
sideration. More importantly, it links the individual country models in a consistent 
manner. An example of the use of GVAR was firstly given in Pesaran et al. (2004) 
where authors modelled global economy consisting of 25 countries grouped into 11
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regions with data over 1979Q1-1999Q1. The degree of regional interdependencies 
is then investigated via generalized impulse responses. Dees et al. (2007) extended 
the previous analysis and modelled 26 industrialized countries as one global economy 
where they focus on international linkages affecting the euro area within the frame 
of 1979-2003.

Following up on the key advantage of GVAR (i.e. a coherent theory-consistent 
solution to the cures of dimensionality), the model is used in the second and the third 
papers. More specifically, GVAR is used as an approximation of global unobserved 
common factor model covering all 28 members of the European Union and the United 
States. Furthermore and in a sense of Dees et al. (2007), by the use of generalized 
impulse responses in these papers we estimate the effect of macroeconomic shocks 
from the euro area to these economies which can appear, for instance, in form of a 
unit shock any selected variable. Application of GVAR should be the biggest value 
added of my dissertation in a methodological sense.

While the second and the third paper share the same methodological background, 
a similar conceptual set of fundamentals (e.g. real activity, consumer prices, the 
real exchange rate, short-term and long-term interest rates and in some cases also 
oil prices) and use information on bilateral trade flows to reflect the connectivity 
between countries, they are tailored to provide evidence on different issues.

The second paper uses 3-month money market rates as a proxy for short-term 
interest rate and hence, keeps the monetary policy toolkit limited to the conventional 
world of monetary policy. This is important feature for extracting policy implications 
and aims at providing evidence for periods when the monetary policy normalisation 
can only come through tightening of conventional tools. As such and based on sample 
of 2000-20f4, this paper provides evidence to four shock scenarios. They include a 
shock (unexpected increase) in the euro area (i) interest rate and (ii) real activity. 
The third one investigates an unexpected decrease in oil prices, which corresponds 
to development in the global economy in the end of 2014. The last one explores a 
negative shock to the euro area inflation in order to reflect the development of the 
euro area inflation in the recent years, when deflationary risks are imminent. These 
four shock scenarios were selected because they are policy relevant. In addition, 
the response of domestic economy to the first three shocks has been extensively 
investigated and therefore, these results may be also used to check the validity of our 
model set-up. This paper was published in Open Economies Review [2016, 27(2), 
pp. 359-385].

The third paper, on the other hand, attempts to go beyond the restriction of 
the conventional monetary policy tools and uses shadow policy rates to proxy the 
full stance of monetary policy (i.e. conventional and unconventional monetary pol
icy measures). Even though already introduced in several academic papers, use of 
shadow policy rates in GVAR applications is not common and provides interesting
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evidence. It also uses extended sample of 2000-2016 and in terms of scenario defi
nition focuses mostly on a shock (unexpected increase) in (i) the euro area shadow 
policy rate, (ii) the US shadow policy rate and (iii) the euro area prices. Implications 
are drawn on potential effectiveness of unconventional monetary policy measures, the 
law of one price in a European set-up or a regional dimension of the shock origin. The 
third paper was published in Economic Systems [2018, 42(1), pp. 91-105] and was 
recently cited, for instance, in the session keynote speech of Mihaljek (2019) during 
the 8th ECB conference on central, eastern and south-eastern European (CESEE) 
countries: Resilience to global headwinds? CESEE responses to a changing trade and 
financial landscape.

The last area under scrutiny in my dissertation is the imbalance related to trans
mission mechanism of monetary policy. Monetary transmission is considered as a 
black-box by economists across the globe (Bernanke and Gertler 1995) which stems 
from the fact the mechanism is complex, is characterized by various channels and 
stages, it also varies from country to country and changes over time. The mechanism 
as such represents one of the largest sources of uncertainty for monetary policymak
ers. Although exchange rate channel is perhaps not the most important worldwide 
(also on the account of country-specific factors), it is surely of upmost relevance for 
a small open economy such as the Czech economy.

For this reason, the last paper focuses on the exchange rate pass-through, or how 
domestic prices respond to exchange rate shocks. Despite significant contributions 
on this topic, for instance the piece of Babecka-Kucharcukova (2009), this area of 
research became largely popular when the Czech National Bank started using ex
change rate commitment as an unconventional monetary policy tool in November 
2013. my contribution was one of the first ones published after the introduction 
of the exchange rate commitment and as such it brought significant value added to 
academics and policymakers by providing updated estimates. Beyond the event of 
exchange rate commitment adoption, a period of study (1998-2013) is motivated by 
changes in the monetary policy regime during 1997-1998 when the fixed exchange 
rate regime was replaced by the inflation targeting regime. To analyze whether ex
change rate shocks influence different components of the consumer basket differently, 
we use aggregate consumer prices and their sub-components (i.e. tradables, food and 
non-tradables). As for explanatory variables, import and export price indices, the 
EU aggregate CPI index, short-term interest rate, nominal effective exchange rate, 
producer prices and industrial production index are considered. Despite some points 
on limitations of the reduced form frameworks made above, VAR models remain a 
useful methodology documented by a vast literature which adopts VAR as a main 
modelling strategy. For this reason, VAR framework is used in this contribution as 
well with close attention paid to identification process to ensure strong and credible 
results. To this end, we (i) follow the ordering of the variables which corresponds to



1. Macroeconomic Imbalances and their Importance for Monetary Policymakers 6

the distribution chain hypothesis with variables approximating the supply and de
mand shocks placed before the distribution chain (McCarthy 2007) and (ii) estimate 
44 VAR models in total when coming to price level responses to a 1% shock to the 
exchange rate. We also asses the forecasting ability of our VAR models and identify 
additional value added of this application, beyond points noted above. The fourth 
and the last paper included in this dissertation was published in Emerging Markets 
Finance and Trade [2046, 52(11), pp. 2624-2635].
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Chapter 2

Real Exchange Rate Misalignment 
in the Euro Area: Further Evidence

Abstract
We use a behavioral equilibirum exchange rate approach to examine the real 
exchange rate misalignment in 12 euro area countries over the period 1980-2014. 
In a panel cointegration setting, we find significant links between real exchange 
rate, relative productivity, trade balance, terms of trade and money supply. A 2 
percent increase in the trade surplus as a ratio to GDP translates roughly to a 1 
percent real depreciation. A real productivity gain or increase in terms of trade 
of 3.5 percent is associated with, ceteris paribus, a 1 percent real appreciation. 
According to our estimates, increase in money supply by 10 percent would lead 
to a real depreciation of only 0.4 percent. In addition, we show the extent of 
overvaluation in the euro area periphery has been increasing since late 2000s. 
This trend stopped in the end of the studied period as inflationary differentials 
in these countries became negative. We discuss implications of such reversal and 
conclude such situation might be helpful when restoring competitiveness in the 
euro area periphery.

The draft paper was published in the IES Working Paper Series [2016, 11]. We thank Jan 
Frait, Lubos Komarek, Petr Polak, Svatopluk Kapounek, Christopher Hartwell and Roman Horvath 
for their helpful comments. Hajek appreciates the support from the Grant Agency of the Charles 
University, no. 238515. The views do not represent the official position of Czech National Bank.
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2.1 Introduction

After the launch of the euro area, current account imbalances became relatively 
large in some countries in both directions (i.e. positive and negative). Mongelli and 
Wyplosz (2008) identify two main roots which might be behind this development. 
First, by eliminating exchange rate risk the financial integration between individual 
member countries was significantly fostered. Ability to lend and borrow internation
ally on a large scale combined with the fact the euro area’s current account remained 
relatively balanced (with heterogenous developments in individual countries) hints 
that some countries lend to others, quite possibly indirectly. The second explanation 
might be that current account imbalances may have grown because persistent infla
tion differentials have accumulated over time. With a fixed exchange rate, higher 
inflation means an appreciating exchange rate which causes competitiveness to dete
riorate and aggregate demand to decrease (Mongelli and Wyplosz 2008).

Both points might be particularly concerning as they potentially relate to the 
Walters critique (i.e. a single monetary policy might have polarising, destabilising 
effects on inflation and growth). Mongelli and Wyplosz (2008) derive an illustrative 
theoretical model to provide some perspective on the possibility the Walters critique 
has materialized in the form of current account divergences. The important theo
retical point contained in their work is that the Walters critique is not necessarily a 
fatal outcome. If the model derived in their paper is stable, the current account may 
diverge for a while but it must be corrected by the evolution of inflation and the real 
exchange rate. In that case the process is self-equilibrating and the current account 
divergences are no cause for concern (Mongelli and Wyplosz 2008). The long-run 
correction of current account through the real exchange rate can, however, occur 
only if the real exchange rate does not constantly drift away from its equilibrium 
values. In other words, it is consistent with the country’s fundamentals and the real 
exchange rate is not persistently misaligned.

Against this backdrop, this paper provides evidence on the real exchange rate 
misalignment in 12 initial euro area countries over the period 1980-2014. To that 
end, we use a behavioral equilibirum exchange rate approach and provide evidence 
on long-run importance of various determinants (inch relative productivity, trade 
balance, terms of trade and money supply). This evidence is based on two different 
means of estimation: (i) dynamic ordinary least squares motivated by its method
ological superiority in small samples (Zhang and MacDonald 2014) and (ii) fully 
modified ordinary least squares aimed at strengthening of our results. Furthermore, 
the studied period entails the global financial crisis and the euro area sovereign debt 
crisis. Our results confirm the extent of overvaluation in peripheral countries in the 
euro area has been increasing since late 2000s. However, we also show that this 
trend stopped towards end of the studied period as inflationary differentials in these
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countries became negative.
The paper is organized as follows. Section 2.2 briefly reviews the theoretical issues 

regarding exchange rate behavior and discusses the selected estimation specification. 
Section 2.3 presents data and some standard diagnostic checks while results and their 
implications are discussed in Section 2.4. Section 2.5 concludes.

2.2 Theory and analytical exposition

2.2.1 Fundamental and behavioral approach

Assessing equilibrium exchange rate has been one of the most explored areas of 
monetary economics. Despite significant efforts made by researchers in the most 
distinguished central banks and academic circles, we still do not know how to precisely 
estimate it or how to predict it. As with approach in many other fields where a 
bulletproof solution is still unknown, there were some good attempts which serve 
as a reasonable proxy for equilibrium exchange rate.1 Below are summarized two 
concepts that fulfil the previous statement: a well-known concept of Fundamental 
Equilibrium Exchange Rate (FEER) and its alternative - Behavioral Equilibrium 
Exchange Rate (BEER) which is pursued in our application.

The FEER approach was developed by Williamson (4994) and the equilibrium 
exchange rate is defined as the real effective exchange rate that is consistent with 
macroeconomic balance involving both internal (i.e. full employment and low infla
tion) and external dimension (i.e. sustainable capital flows, etc.). In other words, the 
equilibrium exchange rate that would be consistent with economic conditions which 
are likely to persist over medium-term. The key focus in the FEER approach is on 
the determinants of the current account, usually explained as a function of home and 
foreign aggregate supply and demand and the real effective exchange rate. According 
to Clark and MacDonald (4999), given set of parameters of a model of the current 
account, including the sensitivity of current account flows to the real exchange rate, 
the FEER is calculated using an exogenously given estimate of sustainable net cap
ital flows. Furthermore, the FEER calculation requires judgement over estimates 
of potential output for the given country and its main trading partners.2 Given 
these points on current and capital account models, the parameter estimation and 
judgement involved seems considerable (Clark and MacDonald 4999) and overall,

A very useful literature overview on methodology and other measures of equilibrium exchange 
rates may be found in Egert et al. (2006) or in Jeong et al. (2010). More recent contributions 
in context of equilibrium exchange rates are more targeted and provide answers to specific issues 
identified in the literature. For example, Engel (2016) addresses uncovered interest parity puzzle, 
while exchange rate disconnect in a general equilibrium model is investigated in Itskhoki and Mukhin 
(2017).

2For further information see Williamson (1994) or its summary presented in Clark and MacDonald 
(1999).
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the concept seems very sensitive to the underlying assumptions (Fidora et al 2018). 
Within the FEER framework, one can calculate the level of real effective exchange 
rate needed to reduce the current account balance at a sustainable target. Then, the 
further the current account balance is from the target, the larger the real exchange 
rate misalignment will be.

Given the limitations of the FEER concept, Clark and MacDonald (1999) pro
posed an alternative concept for estimation of equilibrium exchange rate - BEER. 
This approach represents a modelling strategy attempting to explain the actual be
havior of the exchange rate in terms of relevant economic variables and in conceptual 
terms differs from the FEER, which is a systematically designed approach for calcu
lating the medium-term real effective value of a currency. The reduced-form equa
tion3 that explains the behavior of the real effective exchange rate over the sample 
period is as follows:

qt = rTt + et, (2.1)

where q is a real effective exchange rate, t  is a vector of reduced-form coefficients 
and T  a set of fundamental variables4 that affect the real effective exchange rate. In 
a way, the BEER concept can be thought of as an adaptation providing meaningful 
assessments of exchange rate values along the lines of the FEER approach (Clark 
and MacDonald 1999). The underlying misalignment is then defined as the difference 
between the actual exchange rate and the estimated equilibrium exchange rate which 
is represented by fitted values of equation 2.1. This behavioral approach to identifying 
misalignments implies that the level of real effective exchange rate is sustainable as 
long as the values of the economic fundamentals are also sustainable. However, as 
highlighted by Clark and MacDonald (1999), the method by itself does not identify 
which values of the variables are sustainable and likely to persist. In principle though, 
having the values of the fundamentals corresponding to internal and external balance 
would imply that equilibrium exchange rate under the two concepts is the same.

2.2.2 Behavioral approach and chosen specification

This subsection presents the adopted behavioral approach and derivation of chosen 
specification. To begin, Lane and Milesi-Ferretti (2002) claim the steady-state of a

3This is a simpler version of the respective equation, as contained in Clark and MacDonald (1999). 
The main difference opposed to their version is that in our application we do not distinguish between 
variables that are expected to have transitory, medium or long-run effects, given the consensus on 
such labelling of variables in context of real exchange rate is even more scarce. The model introduced 
in Clark and MacDonald (1999) was further extended in, for example, Alberola et al. (2000) or 
Alberola et al. (2002).

4In a Clark and MacDonald (1999) application, the fundamentals used for estimating behavioral 
equilibrium exchange rate of the Japanese yen, the US dollar and the German mark include: terms 
of trade, relative prices of nontraded to traded goods, net foreign assets, relative stock of government 
debt and real interest rates.
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standard intertemporal open-economy model usually involves these two equilibrium 
equations:

T B  = —r * N F  A, (2.2)

R E R  = —fiTB + XX, (2.3)

Where T B  is trade balance to GDP ratio, r the rate of real return on external 
assets and liabilities, N F  A  denotes a ratio of net foreign assets to GDP, R E R  is 
the logarithm of CPI-based real exchange rate* 5 while X  incorporates other factors 
that have an impact on the real exchange rate. According to equation 2.2, country 
might run trade deficit and be in steady-state conditions as long as trade deficit 
equals to net income which country recieves on its et foreign asset position. This 
trade deficit then translates into, ceteris paribus, appreciation of the country’s real 
exchange rate as expressed in equation 2.3. When forming this statement, we use 
the following argument linking net foreign assets, trade balance and real exchange 
rate, as introduced in Lane and Milesi-Ferretti (2002): ”a positive steady-state net 
external asset position enables a country to run persistent trade deficits; in turn, 
all else equal, the capability to sustain a negative net export balance in equilibrium 
is associated with an appreciated real exchange rate”.6 However, we acknowledge 
including a trade balance variable in equation with the real exchange rate might 
be quite problematic, given there is no mechanical connection between these two 
variables, necessarily.

Solving equations 2.2 and 2.3 also implies positive relationship between net for
eign asset position and the real exchange rate. Even though such relationship was 
empirically confirmed by the likes of Coudert et al. (2013) and some others, Lane and 
Milesi-Ferretti (2002) find the approach of linking net foreign assets to real exchange 
rate as potentially restrictive. Firstly, not only the rates of return vary between 
different classes of assets and liabilities, they also vary across time and space which 
means its explanatory power must impose time-stability limitations. Secondly, under 
assumption of a non-zero growth environment net foreign assets are dependent both 
on output growth rate and rates of return. Having in mind such restrictions, we 
adopt the approach proposed by Lane and Milesi-Ferretti (2002). By doing so, we 
are able to gather additional information on the mechanics of the transfer effect if we 
consider the relations between net foreign assets and trade balance, and trade balance 
and real exchange rate separately.

BIn Lane and M ilesi-Ferretti (2002) an increase in rer  corresponds to  a real exchange rate  appre
ciation. For this reason, we use real effective exchange rate  (reer) in later stages of estim ation

6 Conversely, a debtor country th a t must run trade surpluses to  service its external liabilities may 
require a more depreciated real exchange rate  in steady-state conditions.
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We estimate the following reduced-form specification for i countries over t periods:

REERit — an + PiP RODn + foTBn + fisTOTn + + en, (2-4)

Where a represents country-fixed effects, R E E R  is the real effective exchange 
rate, PROD  is the relative GDP per capita, T B  the trade balance to GDP ratio, 
TO T  the terms of trade, M S  the supply of money and e is the error term.7

There is always a trade-off between number of variables and econometric setup, 
as a degree of freedom is lost with every new predictor variable (with no change in 
sample size). For this reason, we choose rather a smaller set of explanatory variables 
(as indicated by equation 2.4). At the same time, we aim at accounting for the 
most important types of dissimilarities that should be taken into consideration when 
analyzing determinants of medium-term real exchange rate (RER) changes and below 
we provide some motivation behind including these.8

By controlling for relative productivity of the whole economy we should be able 
to capture both the well-known Balassa-Samuelson effect and the potential effect of 
change in output per capita on demand for non-tradables and labor supply. More 
importantly, one of the general properties of output per capita is to control for any 
effects of historical current account imbalances on the level of output through past 
effects on the path of domestic investment. Lane and Milesi-Ferretti (2002) conclude 
output per capita may under these assumptions capture the long-run relation between 
trade balance and real exchange rate. In a similar vein, Skorepa (2013) suggests a 
real (income) convergence usually represents a longer-term real exchange rate trend.9

As for anticipating the relationship between trade balance and real exchange rate 
in a set of the euro area countries, we follow the contribution of Kharroubi (2011). 
Based on a sample of 20 OECD countries over the period spanning from mid-1980s 
until late 2010s, Kharroubi (2011) identifies that globalisation affected this link in 
two principal ways. Firstly, as international trade within industries developed, coun
tries started trading similar types of goods and increased the substitutability between 
the types of goods traded and thereby the senstivity between trade balance and real 
exchange rate. Secondly, the development of global supply chains combined with ver
tical specialisation increased complementarity between the types of goods imported 
and exported and hence decreased the aforementioned sensitivity. The relative im
portance of these two effects varies across countries and therefore the strength of

7REER, PROD, TO T  and M S  are in logarithms.
8According to Skorepa and Komarek (2015), there are four types of dissimilarities within a given 

pair of economies are likely to be included in the true model: dissimilarities as regards (i) financial 
development, (ii) per capita income growth, (iii) central bank autonomy, and (iv) the structure of the 
economy. These types represent over 96% of the sample average level of three year RER variability.

9In Skorepa (2013) and Skorepa and Komarek (2015) applications, however, growth rate of the 
underlying variable is used instead.
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the relationship also differs. According to Kharroubi (2011), countries exhibiting a 
strong relationship between real exchange and trade balance are predominantly those 
that can be characterized by a high level of intra-industry trade. This includes the 
United Kingdom and France but also Germany, Spain, Netherlands or Belgium which 
largely coincieds with the pool of countries studied in this paper. However, coun
tries such as China or the United States display relatively low intra-industry trade 
suggesting the relationship for these countries is rather weak which may have signif
icant implications for rebalancing at a global level as more efforts are likely required 
than simply adjusting exchange rates. Although we are aware of this limitation, we 
deem it appropriate to include trade balance variable based on the argument of high 
intra-industrial trade.

The terms of trade variable is not included in the cointegrating relationship in 
several published papers.10 In some of them that was caused by insufficient level of 
statistical significance, in others this variable was neglected fully. Despite absence 
of some mechanical connection between the terms of trade and the real exchange 
rate, Lane and Milesi-Ferretti (2002) identify terms of trade as a potential source of 
shifts in the real exchange rate. Marqal et al. (2014) also claim there is no reason 
to suppress the trade balance information unless the statistical evidence allows the 
analyst to do so. Moreover, as we deal with panel including larger and smaller 
economies, exogenous terms of trade movements are likely to predominate in some 
of these. Consequently, we control for the terms of trade directly in order to restrain 
the relationship between the real exchange rate and trade balance from potential 
links to terms of trade.

Supply of money is an important variable when analyzing the real exchange rate. 
In this context, we follow the contribution of Kia (2013) where money supply is 
included as one of the core determinants of the long-run real exchange rate. According 
to Kia (2013) a higher supply of money could cause a higher price over the long run. 
An increase in domestic prices makes domestic goods relatively more expensive than 
foreign, and the country’s exports become less competitive in the global markets. 
This leads to a decrease in foreign demand for these goods, while domestic demand 
for imports increases and hence, demand for foreign currency rises too. This all 
results in a lower real exchange rate which is also confirmed by Kia (2013).

Against this exposition, coefficients (3i, (32, (3$ and (3± are expected to have sub
sequent signs:

A  > 0 , <0;/33 >0;/34 < 0. (2.5)

That is, all else equal: (i) increase in relative productivity leads to a real appreci-

10See Zhang and MacDonald (2014), Coudert et al. (2013), Bakhromov (2011) or Hyder and 
Mahboob (2006).
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ation, (ii) trade surplus leads to a real depreciation, (iii) better terms of trade imply 
a real appreciation, while (iv) increase in money supply leads to a real depreciation.11

After estimating coefficients in equation 2.4 we use them for estimation of the 
equilibrium exchange rate being defined as:

B E E R it — opt +  (RP RODit + foTB it + ^ T O T n  + (2-6)

Where B E E R  is the behavioral equilibrium exchange rate. The subsequent real 
misalignment is then defined as a difference between observed and equilibrium ex
change rate:

M IS u  = REER,it -  BEER,it, (2.7)

Where M IS  is the real exchange rate misalignment. If M IS  > 0, it implies the 
real exchange rate is larger than what fundamentals suggest which means the real 
exchange rate is overvalued. As the misalignment increases, the competitiveness’ 
prospects of a given economy and trade positions vis-a-vis other economies deteri
orate. Under the standard monetary policy setting with independent currency, the 
relevant country could opt for devaluation of its nominal exchange rate in order to re
verse an unfavourable trend. However, the way out in countries that form a currency 
union is much more complicated due to completely fixed nominal parities. Against 
this backdrop, some policy implications are presented in subsection 2.4.1.

2.3 Data and related diagnostics

We use a panel data on a yearly basis starting in 4980 and ending in 2044. Our dataset 
corresponds to the initial setting of 42 euro area countries. That is Austria (AT), 
Belgium (BE), Finland (FI), France (FR), Germany (DE), Greece (GR), Ireland 
(IE), Italy (IT), Luxembourg (LU), Netherlands (NL), Portugal (PT) and Spain 
(ES). Even though our region does not fully correspond to the current setting of the 
euro area, we cover over 98% of the euro area’s economic production in 2014 and over 
96% of its trade. We choose this sample to have a sufficiently long time coverage 
(i.e. not including post-transition economies that joined euro area later in 2000s) 
and at the same time, to have a sufficient weight on implications for euro area that 
we observe today.

n When forming expectations regarding trade balance and its effect on real exchange rate, we 
use the following argument linking net foreign assets, trade balance and real exchange rate, as 
introduced in Lane and Milesi-Ferretti (2002): a positive steady-state net external asset position 
enables a country to run persistent trade deficits; in turn, all else equal, the capability to sustain 
a negative net export balance in equilibrium is associated with an appreciated real exchange rate. 
However, we acknowledge including a trade balance variable in equation with real exchange rate 
might be quite problematic, given there is no mechanical connection between these two variables, 
necessarily.
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Data on the CPI-based real effective exchange rate (REER) with a base year 2010 
were obtained at the WB’s World Development Indicators (WDI). Data on relative 
productivity (PROD) is defined as a ratio between GDP per capita of individual 
country in the current prices and GDP per capita of advanced economies in the 
current prices. PROD series’ were extracted from the IMF’s World Economic Outlook 
(WEO). Net foreign asset positions (NFA) come from the Lane and Milesi-Ferretti 
(2002) database for 1980-2011 period. Data for the rest of the period have been 
calculated by cumulating the current account balance (expressed in ratio to country’s 
GDP) to the previous NFA position, similarly as in Coudert et al. (2013). These data 
come from the WEO database. Trade balance positions (TB) are taken from EC’s 
AMECO database and are expressed in a ratio to country’s GDP. Terms of trade in 
goods and services (TOT) also come from the AMECO database in form of an index 
with the base year 2010. Money supply (MS) definition adopted is the one consistent 
with the ECB’s first pillar (i.e. a broad money, M3). This data comes from the 
Federal Reserve Bank of St. Louis (i.e. FRED database).12 REER, PROD, TOT 
and MS were transformed into logarithm form.

Panel estimation of equation 2.4 requires that chosen variables are nonstationary 
and cointegrated in a single cointegrated vector. In order to verify the first pre
condition, we consider several panel unit root tests. Both the Levin et al. (2002) 
test and the Hadri (2000) test assume there is a common unit root process. Null 
hypothesis under the Levin et al. (2002) test is the existence of a unit root, while 
under the Hadri (2000) test it is stationarity. Table Al reports the obtained test 
statistics and its corresponding p-values and shows that all variables of interest are 
nonstationary. We perform these tests also on the first-differenced data, these results 
can be found in Table A2 and we conclude all variables are 1(1).

Testing for cointegration is performed via the Pedroni (1999), Pedroni (2004) 
tests, the Kao (1999) test and the combined Fisher-Johansen test proposed in Mad- 
dala and Wu (1999). The Pedroni (1999), Pedroni (2004) tests and the Kao (1999) 
test extend the standard Engle-Granger framework to tests involving a panel data 
and both have no cointegration under the null. The Pedroni (1999), Pedroni (2004) 
tests allow for heterogenous intercept and trend specifications while the Kao (1999) 
test specifies homogenous coefficients on the first-stage regressors. The combined 
Fisher-Johansen test is based on an alternative approach and as Maddala and Wu 
(1999) show, it involves tests from individual cross-sections which are combined to 
obtain a test statistic for the whole panel. The Fisher-Johansen test can be performed 
for any number of possible cointegrating relationships.

12A broad money is constructed as a sum of currency and deposits in the central bank (M0), 
plus transferable deposits and electronic currency (M l), plus time and savings deposits, foreign 
currency transferable deposits, certificates of deposit, and securities repurchase agreements (M2), 
plus travelers checks, foreign currency time deposits, commercial paper, and shares of mutual funds 
or market funds held by residents.
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Table A4 shows the results of our testing and we are able to drawn out three main 
points. First, there is a strong cointegrating relationship between net foreign assets 
and trade balance. Second, we do not find a cointegrating relationship between net 
foreign assets and real exchange rate but we are able to find such a relationship for 
real exchange rate and trade balance. Third, there is evidence of a single cointegrated 
vector which includes real exchange rates, relative productivity, trade balance, terms 
of trade and money supply. Except for money supply presence in a single cointegrat
ing vector, these points are in line with the Lane and Milesi-Ferretti (2002) seminal 
paper and they allow us to estimate our specification in a panel cointegration frame
work with the use of trade balance instead of net foreign assets.

For this purpose, we use a dynamic ordinary least squares (DOLS) proposed by 
Kao and Chiang (2001) and extended in Mark and Sul (2003). Although DOLS has 
the best small-sample properties and is robust (Zhang and MacDonald 2014), we use 
also a fully modified OLS (FMOLS) developed by Hansen (1992). By doing so, we 
check if estimated coefficients vary when different econometric technique is employed. 
Both DOLS and FMOLS are better suited to deal with a panel cointegration than 
the standard OLS which provides biased estimates depending on nuisance param
eters (Coudert et al. 2013). We apply the Schwarz Information Criteria (SIC) to 
select lag and lead difference-orders.13 We also apply the usual step-wise procedure 
to check whether some correlation remains in the residuals. We find the average 
cross-correlation in residuals is less than 0.05 and Table A3 reports the Pesaran 
(2004) cross-section dependence test statistic and its respective p-values. The null 
hypothesis of no cross-dependency in residuals is not rejected which is essential for 
validity of our model’s implications as neglecting cross-sectional dependence might 
result in efficiency loss and invalid test statistics.

2.4 Results and their implications

Table 2.1 reports output of DOLS and FMOLS estimation of equation 2.4. All esti
mates are statistically significant and their signs are in line with our expectations.14 
All else equal, a 2 percent increase in trade surplus as a ratio to GDP translates 
roughly to a 1 percent real depreciation. A real productivity gain or an increase 
in terms of trade of 3.5 percent is associated with, ceteris paribus, a 1 percent real 
appreciation. All other kept unchanged, an increase in a money supply by 10 percent 
would lead to a real depreciation of only 0.4 percent, according to our estimates.

When compared to the previously published studies, our estimated coefficients 
are broadly consistent, especially for relative productivity, trade balance and relative

13Ivanov and Lilian (2005) suggest using SIC because it is the most accurate for small samples. 
14As presented in Coudert et al. (2013), intercept is calculated so that each country has a real

effective exchange rate in equlibirum on average over the whole period.
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Table 2.1: Estimated coefficients of equation 2.4

Variable PROD TB TOT MS
Coefficient Â Ä
DOLS 0.30* -0.45* 0.24* -0.03*

(0.05) (o.ii) (0.09) (0.01)
FMOLS 0.23* -0.44* 0.30* -0.04*

(0.03) (0.02) (0.02) (0.02)
p  <  0.05. S tan d ard  errors a re  denoted  in parentheses below coefficients.

terms of trade variables. For instance, Fidora et al (2018) find coefficients for relative 
productivity and relative terms of trade of 0.23 and 0.25, respectively. Relative 
productivity effect as presented by Coudert et al. (2013) is also estimated at roughly 
0.25. Moreover, findings of Lane and Milesi-Ferretti (2002) on trade balance and its 
effect on real exchange rate are also similar to those which we obtain, even though 
their sample consists of 20 OECD countries over the period of 1970-1998. By focusing 
on a set of developing countries, Dilhmaghani and Tehranchian (2015) estimates the 
coefficient for money supply to be equal to 0.04, therefore, very similar to estimates 
presented in this paper. Despite some support in the literature, we also find some 
inconsistencies. For example, Zhang and MacDonald (2014) do not find the terms of 
trade significant in any estimated specification despite using similarly defined dataset 
and so their estimates of trade balance’ and relative productivity’ coefficients are 
considerably different, though remain aligned qualitatively. Furthermore, Beckmann 
et al (2018) conclude an increase in the euro area money supply (relative to the 
US money supply) results in an appreciation of euro against the US dollar. This is 
in contradiction with the standard monetary approach and Beckmann et al (2018) 
assign this inconsistency to the fact that some of the underlying key equations used 
in their application (e.g. money demand functions or purchasing power parity) do 
not hold as a stable long-run relation. To this end, Lane and Milesi-Ferretti (2002) 
conclude it is natural to expect a difference in senstitivity of the real exchange rate 
to various fundamentals across countries.

In order to estimate the underlying misalignments, we firstly take the estimates 
reported in Table 1 and use them to obtain the values of behavioral equilibrium ex
change rate as defined in equation 2.6. After this, we estimate how the real exchange 
rate is misaligned according to equation 2.7. Figures 1 and 2 show the calculated 
misalignment for each euro area country in our sample over the period 1982-2014. 
Since we use two different methods for obtaining the estimates of equation 2.6, we 
do not present two misalignment curves (i.e. one per estimation method) in each 
country chart, instead, we present the difference between them.

Figure 2.1 displays the respective series for Austria, Belgium, Germany, France,
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Figure 2.1: Real exchange rate misalignment in the euro area (core)

AT BE

DE FR

NL LU

Notes: Shaded area represents a difference between the misalignment calculated with DOLS coefficients and 
the misalignment calculated with FMOLS coefficients. When above zero, the real exchange rate is 

overvalued.

Luxembourg and the Netherlands. It seems the real exchange rate was overvalued in 
all of these countries around mid-1980s. In cases of Austria, Germany and France, 
it became reasonably close to the equilibrium values around 1999, a year when the 
currency union was launched. In Belgium, Luxembourg and to a lesser extent also 
in the Netherlands, the real exchange rate seemed undervalued in 1999. During the 
pre-euro period, the largest drop in misalignment (from roughly 9-12% overvaluation 
in mid-1980s to 4-6%) undervaluation) is observed for Germany following its unifica
tion in early 1990s.15 Since the euro launch until the global financial crisis, the real 
exchange rate in Germany, France and to some extent also in Belgium and Luxem
bourg remained more or less close to the equilibrium values. In Austria and especially 
in the Netherlands, however, the real exchange rate seemed overvalued during this 

1BThough the drop from overvafued reaf exchange rate to undervafued proved to be short-iived.
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period. Following the emergence of the global financial crisis in late 2000s, the real 
exchange rate in Germany and France became undervalued, as relative productiv
ity of these countries increased. In case of Germany, this development was further 
reinforced by trade balance improvement. Overvaluation of the Austrian and the 
Dutch real exchange rates came close to zero following the outbreak of crisis, though 
only temporarily, as real exchange rates reverted back to overvaluation territory in 
the of the studied period. This was predominantly result of trade balance deteri
oration and decrease in relative productivity. Highest uncertainty with respect to 
method of estimation (marked by the curve thickness) is observed for Germany and 
the Netherlands.

Figure 2.2: Real exchange rate misalignment in the euro area (pe
riphery)
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Notes: Shaded area represents a difference between the misalignment calculated with DOLS coefficients and 
the misalignment calculated with FMOLS coefficients. When above zero, the real exchange rate is 

overvalued.

Moving towards situation in the peripheral countries, figure 2.2 suggest heterege- 
nous developments throughout the studied period. Real exchange rates in Portugal



2. Real Exchange Rate Misalignment in the Euro Area 22

and Greece seemed undervalued in late 1980s and early 1990s, while those in the 
remaining countries were overvalued and in cases of Ireland, Finland and Italy, by 
a significant margin. The eal exchange rate in Finland was substantially overvalued 
during late 1980s, though it became close to balance in early 1990s. This predom
inantly reflected loosening of the fixed exchange rate regime which was adopted by 
the Bank of Finland in September 1992 in a reaction to the Nordic banking crisis. 
As the exchange rate mechanism (ERM) went through a deep crisis in early 1990s, 
the Italian and the Spanish real exchange rates depreciated dramatically which led 
these currencies into undervalued territory when forming the EMU. Greece and Por
tugal were found to have slightly undervalued real exchange rates in 1999, too. The 
Irish real exchange rate came close to equilibrium values in this period but became 
overvalued shortly afterwards. In Greece and Italy (and to some extent also in Portu
gal) the misalignment decreased and remained rather negligible until late 2000s, the 
real exchange rate in Spain, on the other hand, continued to be undervalued. After 
the global financial crisis erupted when the euro strongly appreciated, real exchange 
rates in Greece, Portugal and Spain became overvalued driven by increasing trade 
deficits and deteriorating relative productivity. Following the outbreak of euro area 
sovereign debt crisis, the Italian real exchange rate became overvalued as well, leav
ing Finland as the only outlier in this group of countries. In the end of the measured 
period, however, the extent of overvaluation in most of the peripheral countries was 
on a decreasing path, most notably in Ireland. This was driven by undergoing a se
vere recession in 2009 and 2010 with falling prices and running huge trade surpluses 
through better terms of trade in the following years. Furthermore, Ireland had neg
ative inflationary differentials vis-a-vis euro area since 2009 until 2014. The highest 
uncertainty with respect to method of estimation (marked by the curve thickness) is 
observed for Ireland, Portugal and Italy.

In order to confront the results presented in this study with some other evidence, 
we select three published studies. First, we compare the calculated misalignment with 
the estimates presented in Fidora et al (2018). This paper has similar focus as the one 
pursued here, authors also adopt the BEER approach though they use a different set 
of fundamentals which include: relative productivity, relative openess, relative terms 
of trade, relative government expenditure and relative short-term interest rates over 
the period 1999-2016. Estimates presented in Fidora et al (2018) allow for comparison 
for years 2000 and 2009. From a qualitative perspective, we assess both sets of results 
largely consistent with exception of Austria in 2000 and Finland in 2009, as Figure 
2.3 shows. The calculated misalignment in Fidora et al (2018) is on average slightly 
smaller for 2000 than what our results suggest. For 2009, this difference is much 
smaller for most of the countries, though overvaluation of the Irish real exchange 
rate appears to be roughly half of that what we find.

Furthermore, we put together our calculated misalignment for 2010 and the es-
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Figure 2.3: Estimated REER misalignments and comparison with 
other frameworks
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timates presented in Coudert et al. (2013). Their dataset includes the information 
from 1980 to 2010 and in the BEER set-up, they find significant links between real 
exchange rate, relative productivity and net foreign assets. On average, the results 
seems relatively aligned as for the sign of the calculated misalignment. At the same 
time, the misalignment presented in Coudert et al. (2013) is on average much larger 
for most of the studied countries (especially the Southern peripheral countries), ex
cept for the real exchange rate in Ireland which we find to be overvalued the most 
in our sample. In addition, we also include the work of Carton and Herve (2013) 
where authors calculate the misalignment with a completely different set of theoret
ical assumptions, most notably because they adopt, the FEER approach (as briefly 
introduced in section 2.2.1). Qualitatively, there is some consensus to be found, 
while for some countries (e.g. Greece or Portugal), the quantitative dimension is 
substantially different. By doing this comparison, we respond to some extent to 
Egert, and Halpern (2006) who claim that assessment of the equilbrium exchange 
rate of any given economy must be performed taking into account alternative eco
nomic and econometric specifications. As a follow up, it might be useful to perform 
a meta-analysis to get to the roots behind different results.
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Lastly, we explore if some structural breaks are present in our estimation. We 
perform an informal test whether the EMU creation in f999 or the emergence of 
global financial crisis and the euro area sovereign debt crisis induced an exogenous 
shock.16 As table 2.2 shows, all dummy varibles are insigificant in all specifications 
and based on these grounds the potential structural breaks are not explored any 
further in this paper. Such results are supported by findings of Coudert et al. (2013) 
as well as Fidora et al (2018).

Table 2.2: Estimated coefficients of equation 2.4 with proxied breaks

C c A ¡3 E M U {¡C R IS IS

DOLS (EMU) 0.20* -0.52* 0.40* -0.02 0.00
(0.06) (0.13) (0.10) (0.03) (0.02)

DOLS (CRISIS 2008-13) 0.24* -0.59* 0.24* -0.02 0.02
(0.05) (0.15) (o .n) (0.02) (0.02)

DOLS (CRISIS 2009-13) 0.25* -0.54* 0.25* -0.02 -0.00
(0.05) (0-14) (o.n) (0.02) (0.04)

FMOLS (EMU) 0.12* -0.36* 0.89* -0.01
(0.02) (0-12) (0.02) (0.01)

FMOLS (CRISIS 2008-13) 0.20* -0.32* 0.50* -0.03 -0.00
(0.04) (0.05) (0.05) (0.05) (0.07)

FMOLS (CRISIS 2009-13) 0.21* -0.32* 0.45* -0.04 -0.03
(0.04) (0.04) (0.05) (0.05) (0.06)

p <  0.05.

N otes: E M U  represents a  dum m y variable representing  an exogenous shock of form ing euro area  in 1999. 
Similarly, C R IS IS  represents a  dum m y variable representing  a  crisis period. D epending on a crisis s ta rt, 
th e  first CRISIS dum m y covers period  of 2008-2013, while th e  second dum m y covers 2009-2013. S tandard  
errors a re  denoted  in paran theses below coefficients.

2.4.1 Policy implications

As the euro area countries cannot adjust their positions through nominal exchange 
rates, the adjustments must take place internally. Although these should be the 
same for all countries in a monetary union by a definition, inflation differential might 
form some option of adjustment. With this in mind, we present Figure 2.4 which 
shows the observed inflationary differentials in the euro area during 2011-2014. We 
group countries into two sets: the first set represent the peripheral countries involving 
Portugal, Ireland, Italy, Greece and Spain; while the second includes the rest of the 
euro area in our dataset. Inflationary differentials in the perihperal countries vis-a-vis 
euro area were around zero in 2011-2012, but they became negative in the following

16We acknowiedge identifying exact date when the crisis was fuiiy present in our sampie is a 
difflcuit task. Since our ambition is not aimed at providing answer to this interesting question, we 
ieave it to other research streams and simpiy use two dummy CRfSfS variabies: the first one covers 
period of 2008-2013, while the second 2009-2013.
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years. In the remainder of the euro area countries, however, inflationary differentials 
vis-a-vis euro area follow a somewhat different pattern. While in 2011 inflationary 
differentials were negative, they became positive in 2014. This difference between the 
two groups of countries is crucial as high prices over the long-run in some countries 
will result in lower real exchange rate in these countries and vice-versa (Kia 2013).

Figure 2.4: Differences in inflationary differentials in the euro area 
(periphery vs. core)

--O-- periphery (max)
------- periphery (average)
--O-- periphery (min)

--o -- rest_EA (max)
------- rest_EA (average)
--o -- rest EA (min)

Notes: Differentials are m easured betw een co un try ’s inflation and inflation in th e  euro area.

Specifically, Figure 2.5 shows the development of the real exchange rate misalign
ment and inflationary differentials in all studied countries in 2013 and 2014. The 
orange arrows show the change in the country position over 2013-2014 in the euro 
area periphery. As their inflationary differentials were negative (with the exception 
of Spain), overvaluation of their real exchange rates decreased. The blue arrows show 
this change in the rest of the euro area. Their inflationary differentials were mostly 
positive and, consequently, their real exchange rate misalignment was also corrected 
to some extent. From the policymakers’ perspective, this trend seems as favourable 
because of misalignment correction in the euro area periphery as well as core. Should 
this trend continue over the long-run, the differences in competitiveness projections 
between the core and the periphery of the monetary union might be eliminated.

At the same time, the above-presented policy implications are based on anec
dotal evidence evidence and should be treated with due care. Perhaps even more 
importantly, to reinforce growth in these countries and make it more inclusive, other 
policies (such as fiscal or structural) must do their part. In a similar vein, Fidora et 
al (2018) find significant empirical evidence that an improvement in various dimen
sions of domestic regulation and institutions favours the correction process because 
it removes structural rigidities and hence, can compensate (to some extent) for the 
loss of the nominal adjustment channel.
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Figure 2.5: Real exchange rate misalignment and inflationary differ
entials in the euro area

Notes: The estimated misalignment represent the average across the methods applied. Peripheral countries 
are depicted in orange while rest of euro area in blue. The arrow indicates a change from position observed 
in 2013 to the one observed in 2014. ’improving’ stands for lowering the extent of misalignment, ’worsening’ 
stands for increasing the extent of misalignment.

2.5 Concluding Remarks

In this paper, we use a Behavioral Equilibrium Exchange Rate approach to assess 
the real exchange rate misalignment in 12 initial euro area countries over period 
1980-2014. Our theoretical framework corresponds to the one described in Lane 
and Milesi-Ferretti (2002) which is based on two channels: (i) channel between net 
foreign assets and trade balance and (ii) channel between real exchange rate and 
trade balance, productivity, terms of trade and money supply. Evidence we provide 
is based on two different means of estimation: (i) a dynamic ordinary least squares 
motivated by its methodological superiority in small samples (Zhang and MacDonald 
2014) and (ii) a fully modified ordinary least squares aimed at strengthening results. 
Furthermore, the studied period entails the global financial crisis and the euro area 
sovereign debt crisis.

We find strong a relationship between real exchange rate, trade balance, relative 
productivity, terms of trade and money supply. Our results are qualitatively in line 
with both our expectations and a majority of the previous literature. In quantitative 
terms, our results are somewhat smaller than that published in other contributions. 
All else equal, a 2 percent increase in the trade surplus as a ratio to GDP translates
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roughly to a 1 percent real depreciation. A real productivity gain or increase in 
terms of trade of 3.5 percent is associated with, ceteris paribus, a f percent real 
appreciation. All other kept unchagned, increase in a money supply by fO percent 
would lead to a real depreciation of only 0.4 percent, according to our estimates.

Our results confirm the extent of overvaluation in peripheral countries of euro 
area has been increasing since late 2000s. More interestingly, this trend stopped in 
the end of the studied period as inflationary differentials in these countries became 
negative. We discuss implications of such reversal and conclude this situation might 
be helpful when restoring the euro area periphery competitiveness. At the same time, 
we acknowledge that other policies (such as fiscal or structural) must do their part 
to reinforce growth in these countries and make it more inclusive. In this context, 
we relate to finding of Fidora et al (2018) who claim an improvement in domestic 
regulation and institutions can compensate for the loss of the nominal adjustment 
channel.

In terms of future research, we deem it might be useful to perform a meta
analysis to get to the roots behind different quantitative results across published 
studies. Furthermore, exploring sectoral differences (given that economic theory 
assumes differences across sectors) in a more explicit manner might bring additional 
value added to the real exchange rate assessments.
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2.A Appendix

Table A l: Panel unit root test in levels

Variables Levin et al. (2002) Hadri (2000)
stat p-value Z-stat p-value HZ-stat p-value

REER -1.59 0.06 6.82 0.00* 3.39 0.00*
PROD 0.41 0.66 7.83 0.00* 5.49 0.00*
NFA 2.44 0.99 2.68 0.00* 5.19 0.00*
TB -1.54 0.06 10.41 0.00* 5.37 0.00*
TOT -1.54 0.06 7.73 0.00* 5.85 0.00*
MS -2.02 0.02* 11.16 0.00* 10.62 0.00*

p <  0.05.

N otes: Z -stat s tan d  for s tan d ard  Z score, while H Z -stat stand  for heteroscedasticity  robust Z score in th e  
H adri (2000) tes t.

Table A2: Panel unit root test in first differences

Variables Levin et al. (2002) Hadri (2000)
stat p-value Z-stat p-value HZ-stat p-value

REER -13.07 0.00* -1.19 0.88 -0.70 0.76
PROD -12.73 0.00* -1.29 0.90 -1.23 0.89
NFA -13.99 0.00* 1.91 0.03* 1.27 0.10
TB -14.72 0.00* 1.87 0.03* 1.48 0.07
TOT -14.63 0.00* 0.55 0.29 0.65 0.26
MS -10.85 0.00* -0.50 0.69 -0.55 0.71

p <  0.05.

N otes: Z -stat s tan d  for s tan d ard  Z score, while H Z -stat stand  for heteroscedasticity  robust Z score in th e  
H adri (2000) tes t.

Table A3: Cross-section dependence test

Model Pesaran (2004)
stat p-value

DOLS -0.64 0.52
FMOLS 1.77 0.07

p <  0.05.
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Table A4: Panel cointegration test

Variables Pedroni (2004) Kao (1999) Fisher-Johansen
Panel Group None At most 1

stat p-value stat p-value stat p-value stat p-value stat p-value

NFA-TB -8.19 0.00* -0.40 0.34 -5.54 0.00* 39.91 0.02* 14.19 0.94
REER-PROD-NFA -0.85 0.20 -1.36 0.09 -3.16 0.00* 20.37 0.68 9.38 0.99
REER-PROD-TB -2.09 0.02* -2.35 0.01* -3.62 0.00* 40.58 0.02* 19.69 0.71
REER-PROD-NFA-TOT -1.31 0.08 -1.38 0.08 -4.14 0.00* 32.37 0.12 12.61 0.97
REER-PROD-TB-TOT -1.65 0.05* -2.16 0.02* -4.42 0.00* 49.13 0.00* 17.19 0.84
REER-PROD-TB-TOT-MS -1.12 0.13 -2.23 0.01* -4.65 0.00* 86.95 0.00* 23.85 0.47

p <  0.05.

N otes: T he F isher-Johansen te s t  assum es e ither N one  co in tegrating  relationships or A t m ost 1.
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Chapter 3

The Spillover Effect of Euro Area 
on Central and Southeastern 
European Economies: A Global 
VAR Approach

Abstract
We use the global vector autoregression model to examine macroeconomic spill
overs within the European Union over the period 2000-2014. We investigate 
how shocks originating in the euro area affect output and prices in the rest of 
Europe. We examine four different policy relevant shock scenarios: (i) increase 
in the euro area interest rate; (ii) increase in the euro area industrial produc
tion; (iff) decrease in the euro area consumer prices and (iv) decrease in global 
oil prices. In general, we find that these shocks have an effect of same (and 
expected) sign but of different size across the European Union. Our results sug
gest that the response of Central European countries to the euro area shocks is 
almost as strong as the response of the euro area countries itself. On the other 
hand, our results indicate that South East Europe is somewhat less sensitive to 
the euro area shocks and oil price shocks.

The paper was co-authored with Roman Horvath and published in Open Economies Review 
[2016, 27(2), pp. 359-385]. We thank the anonymous referee, Christina Strobach, George Tavlas 
and seminar participants at INFER Workshop on The European Integration and Its International 
Dimension (Cologne, Germany) for helpful comments. Hájek has been supported by the Grant 
Agency of the Charles University, no. 238515. The views do not represent the official position of 
Czech National Bank.
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3.1 Introduction

Since the beginning of the 1990s, Central (CEE) and Southeastern (SEE) European 
countries began one of the largest policy experiments in recent history and started 
transforming their economies from to what has been known as central planning econ
omy to market oriented economy. In less than 20 years, CEE countries became the 
members of the European Union (EU) and soon several SEE countries followed and 
joined the EU, too. Some countries such as Slovenia or Slovakia integrated even fur
ther and adopted euro as their official currency. The reform processes during last two 
decades have been accompanied by strong trade reorientation towards Western Eu
rope. In fact, many CEE and SEE countries became one of the most open economies 
globally. CEE and SEE countries became also financially integrated with Western 
Europe with many countries in the region exhibiting very high foreign (especially 
Western European) ownership of banks.

As a result, economic integration of these small open economies with Western 
Europe suggest that euro area shocks are likely to propagate strongly. But how 
strong are these spillovers? Do euro area shocks have the same importance in CEE 
and SEE economies, as they have it domestically?

We examine the effect of euro area shocks on economic activity and prices in CEE 
and SEE countries, which are the EU members. And for comparison, we examine 
how euro area shocks affect economic activity and prices domestically. We consider 
three types of shocks: 1) euro area monetary policy shock, 2) euro area economic 
activity shock and 3) euro area inflation shock. In addition to examining these three 
shocks, we also investigate how the recent (in late 2014) dramatic decrease in global 
oil prices is likely to have an effect on European economies.

To examine spillovers in Europe, we apply the global vector autoregression model 
(GVAR) (Pesaran et al. 2004). GVAR is specifically designed to study spillovers 
across countries, as it explicitly takes into account bilateral economic linkages within 
the global economy. Despite the apparent benefits of GVAR, this methodology has 
been rarely applied to study macroeconomic spillovers from the euro area to CEE 
and SEE economies. To our knowledge, the exception is work of Feldkircher (2015). 
We differ from this work in several aspects. We consider different type of shocks and 
examine how recent low inflationary environment in the euro area spills over to the 
CEE and SEE economies. We also employ monthly instead of quarterly frequency 
of data and use more recent data in order to cover the crisis period.1 Most of 
previous research building various vector autoregression models for the CEE and 
SEE economies does not examine the effect of foreign shocks; it typically models

1Feidkircher (2015) uses data in 1995-2011, while we use data in 2000-2014, i.e. we cover the 
period of global financial crisis more fully and avoid data from the 1990s, which was a rather turbulent 
period in CEE and SEE marked by many structural breaks.
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foreign variables as exogenous and sometimes does not even consider the foreign 
variables (Egert and MacDonald 2009).

Our results suggest that monetary tightening in the euro area leads to contraction 
in real activity and decrease in consumer prices in all EU member states. A positive 
shock in the euro area industrial production translates into an increase of real activity 
in all countries in our sample. Lower oil price represents a positive supply-side shock 
in oil-importing countries and we observe a short-term increase in economic activity 
and decrease in consumer prices. Decrease in euro area consumer prices results in a 
short-term decrease in consumer prices in all EU member states. Our results suggest 
that the economies of the Czech Republic, Hungary and Poland are on average more 
sensitive to euro area shocks than the economies of Bulgaria, Croatia and Romania.

The paper is organized as follows. Section 3.2 discusses the related literature. 
Section 3.3 introduces the econometric model. Section 3.4 describes the data and 
specifics of our GVAR application. Section 3.5 presents the results. Concluding 
remarks are offered in section 3.6.

3.2 Related Literature

In this section, we discuss related literature and largely focus on the empirical studies 
using the vector autoregressions to examine spillovers across various countries. For 
the theoretical studies, we refer the reader to Svensson and van Wijnbergen (1989) 
and literature following this contribution.

Most previous empirical studies examine the effect of US monetary policy on 
other countries and adopt a structural VAR (SVAR) framework. Kim (2001) inves
tigates cross-border effects of monetary policy of the US on non-US G6 countries 
and finds a positive effect of a US monetary expansion on non-US G6 output mainly 
via the capital market (i.e. through the world interest rate). In a similar fashion, 
Mackowiak (2006) estimates SVAR model for Japan to shed some light on the impact 
of Japanese monetary policy on other Asian economies. Mackowiak (2006) concludes 
that the effect is rather modest and that there is virtually no evidence that Japanese 
monetary expansion was behind the Asian crisis build-up. Kim and Roubini (2000) 
find a significant effect of US monetary policy shocks on output levels in non-US 
G7 economies. Koluk and Mehrotra (2009) investigate the effect of Chinese mon
etary policy on East and South-East Asia and conclude a monetary expansion in 
Mainland China leads to an increase in real GDP and the price level in these areas. 
International transmission of monetary policy within dollar-pricing framework is also 
investigated in Tervala (2010).

Canova (2005) studies the effect of the US monetary policy on eight Latin Amer
ican economies and generally finds significant response of output in domestic econ
omies to contractionary shock in the US monetary policy. Mojon and Peersman
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(Mojon and Peersman) focus on how monetary policy in the euro area affects its 
members. Within the VAR framework they conclude an unexpected increase in the 
short-term interest rate leads to a fall in GDP and gradual decrease in prices for all 
countries. Similarly, Peersman (2004) concludes the individual output effects to be 
surprisingly similar across the euro area countries. Mumtaz and Surico (2009) extend 
the Factor Augmented VAR (FAVAR) model of Bernanke et al. (2005) to a panel of 
47 industrialized countries to investigate monetary transmission mechanism. They 
find that an unexpected fall of the short-term interest rates in the rest of the world 
causes appreciation of domestic currency and significant rise in GDP growth as well 
as in domestic inflation.

Even though the literature on the international transmission of monetary policy 
is abundant, there is rather limited amount of papers focusing on monetary policy 
in the euro area and its effect on non-euro area EU countries. Jimenez-Rodriguez 
et al. (2040) use structural near-VAR analysis of ten Central and Eastern European 
countries and show that positive shock in the euro area interest rate causes weak 
but contractionary response of industrial production and fall in prices in majority 
countries in their sample. Benkovskis et al. (20ff) uses FAVAR model as in Mumtaz 
and Surico (2009) to investigation of monetary policy spillovers from the euro area to 
the Czech Republic, Poland and Hungary. The authors find negative and significant 
response in output in these countries to a monetary tightening in the euro area.

General interdependence between economies of Central and Eastern Europe is 
also studied in Mackowiak (2006) who reports that shocks to German macroeco
nomic variables have significant effect on domestic variables in the Czech, Hungarian 
and Polish economies. In addition,Keppel and Prettner (2015) investigate economic 
interdependence of 5 Eastern EU economies (i.e. Czech Republic, Hungary, Poland, 
Slovenia and Slovakia) with the 12 initial euro area member states. They conclude 
that I per cent positive shock in GDP and interest rate of euro area results in imme
diate increase in CEE-5 output by 0.4 percent and slight decrease in CEE-5 output 
by 0.08 percent, respectively. Moreover, Eichler and Karmann (2044) find that Cen
tral and Eastern European countries exhibit large enough shock symmetry to form 
a currency union.

Horvath and Rusnak (2009) use a block restriction VAR model and investigate 
the effect of European Central Bank (ECB) monetary policy on Slovak prices and 
output. They find that ECB monetary policy has a stronger effect on Slovak prices 
than the domestic monetary policy. On the other hand, the output fluctuations are 
primarily driven by domestic factors. Babecka Kucharcukova et al. (2046) study the 
macroeconomic impact of both ECB’s conventional and unconventional monetary 
policy measures on the euro area and six non-euro area EU countries. By the use of 
synthetic index of overall euro area monetary conditions (MCI) within the standard 
VAR framework they find the transmission of unconventional monetary policy has
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immediate effect on prices but no effect on real activity (industrial production). As 
concerns conventional monetary policy, monetary contraction by ECB is associated 
with weaker economic activity in all countries.

Feldkircher (2015) builds a global macroeconomic model for emerging Europe 
to understand the effects affecting Central, Eastern and Southeastern Europe given 
in 1995-2011.2 * * * By applying GVAR, he presents three main conclusions: first, the 
region’s real economy reacts nearly equally strongly to an U.S. output shock as it 
does to a corresponding euro area shock; second, monetary tightening in the euro area 
has a negative long-run effect on the region’s economy and third, with few exceptions 
the region is negatively affected by an oil price hike.

3.3 Global Vector Autogregression

We employ a global vector autoregressive (GVAR) model developed by Pesaran et al. 
(2004), which extends VAR models to explicitly analyze the international transmis
sion of shocks. GVAR represents a modelling framework for quantitative analysis of 
relative importance of different shocks across or within countries. In addition, GVAR 
framework allows for higher-round effects to examine the propagation of shocks in a 
fuller manner (Backe et al. 2013).

In a nutshell, a GVAR model includes two different stages. Individual country 
models are estimated in the first stage in the vector error correction (VECM) form. 
In the second stage, individual country models are transformed into a global repre
sentation. This representation allows to capture cross-country spillovers in a coherent 
manner. Our exposition below follows Feldkircher (2015).

3.3.1 First Stage: The Country Models

We estimate the following system of equations for each country i e {1,.. ., N }  as in 
di Mauro et al. (2007) and Feldkircher (2015):

p - l  q - l

=  CyQ +  C y l t  +  T ly Z t— 1 +  ) I ) ^ }  y x  ¿ \X f  —k

k=1 fc=1 (3.1)
l e x - 1  v 7

+ +  A,-A:r/ +  + eyt
k = l

p - l  q - l

— C/-0 T  C-xt T  x y , i ^ V t —k  +  '  F x x , i ^ X f —k T  (,x l (3.2)
k = l  k = l

2In a similar fashion, Backe et al. (2013) investigate economic spillovers from the euro area to
Central, Eastern and Southeastern Europe via the financial channel. For Central Europe, financial
channel has a broadly similar impact as the trade channel. When it comes to Southeastern Europe,
they find financial channel to be of slightly higher importance than the trade channel.
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with zt = (yt,xt), ut = (eyt,ext) W(0,52«) and A representing the first differ
ence operator. The variables are divided into three main groups: domestic, foreign 
and global variables. The m  x 1 vector yt comprises the data on domestic variables, 
which include the measure of output, prices, exchange and interest rates. Xt is a 
n x f vector of the foreign variables. For each country we construct the set of foreign 
variables as a cross-country weighted average of its domestic counterparts Feldkircher 
(2015):

N
x i ■= ^ 2 ^ y t -

where the weights e W  reflect the intensity of economic relationships across 
countries. Trade or financial flows are typically applied as the weighth in the GVAR 
literature (see for example di Mauro et al. (2007); Pesaran et al. (2004) or Pesaran 
et al. (2007)). Since we deal mostly with macroeconomic variables, we employ trade 
flows in our application and these represent the most important transmission chan
nel through which the spillovers are governed. The corresponding N  x N  weight 
matrix W  is row-standardized and has zero entries on its diagonal: iVij > 0, iva = 0, 
YsjLiXiij = 1 (Feldkircher, 2015).

In order to control for global elements, we include oil prices and treat them as 
weakly exogenous component dt in the model. In contrast to di Mauro et al. (2007), 
Pesaran et al. (2004) or Pesaran et al. (2007) and in line with Feldkircher (2015), 
we exclude strictly exogenous variables from the cointegrating relationship (i.e. not 
including them as control variables in II). Weakly exogenous variables are allowed to 
enter the conditional model presented in equation (3.1) contemporaneously. Domestic 
variables are, however, included in lagged form only. Eventually, we add a trend and 
an intercept term, which we further restrict to lie in the cointegration space di Mauro 
et al. (2007).

In a similar fashion to Feldkircher (2015), we rewrite the system of equations for 
country i more compactly as:

p— 1 lex—1

A27 =  Co +  C]t + + Axxt + T, Ad/_/,. +  ut (3.3)
fc=i fc=i

3.3.2 Second Stage: Forming a Global Representation

After estimating N  single country models presented in equation (3.3), the models are 
transformed into their corresponding VAR representation and then aggregated into 
single representation which we regard as global.

In a sense of Feldkircher (2015), we rewrite the model presented in equations (3.1) 
and (3.2) into its VAR form:
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( i  -  Bi y't-k lex i

+yy
fc=0

+ u■ tl (3-4)

where r-i := max(qi,pi) and the matrices A k and B k are equal to zero for lags k.
Furthermore, equation (3.4) can be written as:

ri lexi
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k = l  k= 0

where H k represents the aggregated matrices of coefficients linked to domestic 
and foreign variables. These coefficient matrices denote estimates from the former 
stage as described in 3.3.4. Feldkircher (2045) invokes a m  x global link
matrix E' that specifies how individual shocks are transmitted through the system:

&
ri lex i

=  ¿o +  c ^ t  +  y ~ )  H k z d y t _ k  +  y ~ )  T ) ,d ) _ fc 

fc=l k=0
+  uf or

ri lexi
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where E' assigns domestic to foreign variables. In this context, we build links 
between all countries and they correspond to the links created when constructing 
the foreign variables. We construct the weights Wt using trade flows over the chosen 
period.

Aggregating the single country models results in:

r lex

Gyt =  ¿0+ +yy ii/.yi-i. + yy x kd t-k + ut, (3.5)
fc=l k= 0

where

r := max n , lex := max lex¿

For lags k, the matrices Hk and X k are both set to zero. Feldkircher (2015) 
identifies aggregated square matrix G as non-singular so that equation (3.5) can be 
multiplied by G_1 from the left-hand side to yield the ultimate GVAR model:

r lex

yt = g + G t+yy ih.yi-i. + yy x kdt~k + ut. (3.6)
fc=l k= 0

Consequently, a final representation of our economy in equation (3.6) allows us 
to connect all entities by bilateral trade flows on one hand and to link domestic
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variables to the global ones on the other. More importantly, the trade channel in our 
GVAR application fundamentally determines how spillovers are transmitted through 
the system.

3.4 Estimation Framework

3.4.1 Data

We use the monthly data from April 2000 to March 2014. We choose this sample 
to have sufficiently long time coverage and at the same time to avoid the data from 
1990s, which were characterized by greater volatility in many Central and Eastern 
European countries due to their transition process.

Our data set corresponds to the current setting of 28 member states of the Eu
ropean Union. We also include data for United States of America in order to reflect 
that the EU is not an isolated entity and is typically strongly affected by US eco
nomic developments. The country coverage is available in Table 3.1, the euro area is 
considered as one economic entity. We divide countries into three sub-groups, which 
we use for comparison of the effect of euro area shocks in the following section.

Table 3.1: Country coverage

Region Country

Central European economies (CEEs) Czech Republic (CZ) 
Hungary (HU)
Poland (PL)

Southeastern European economies (SEEs) Bulgaria (BG)
Croatia (HR)

Romania (RO)

Advanced economies (AEs) Denmark (DK)
Euro Area (EA)

Sweden (SE)
United Kingdom (UK) 

United States of America (US)

We use IMF’s International Financial Statistics data on real activity, consumer 
prices, the real exchange rate and short-term interest rates and include them as 
domestic variables. In order to be consistent with previous literature, we opt for 
inclusion of foreign real activity, real exchange rate, short-term and long-term interest 
rates as weakly exogenous variables and oil prices as a global control variable.3 We 
provide data description in Table A3 in Appendix.

3Real exchange rate was used as foreign variable only for US while oil prices were used as global 
variable for both US and EA.
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We also use bilateral data on exports and imports of goods and services that 
serve for the computation of trade weights in global representation. These annual 
flows cover period of 2000-20f4 and come from IMF’s Direction of Trade Statistics. 
When we aggregate the impulse responses in the following section, the results for 
CEE, SEE and advanced economies are based on purchasing power parity (PPP) 
weights converted GDP. The average for each country over the period 2000-2010 has 
been obtained at Penn World Table’s 8.0 vintage.4

3.4.2 Model Setup

As mentioned in subsection 3.4.1, we opt for inclusion of foreign real activity and 
short-term interest rates as weakly exogenous variables. Even though our cross
country correlations do not seem as high as in Feldkircher (2015), we believe it is 
correct to include these variables in the model. The correlations are available in 
Table A6 in Appendix.

We base the matrix S on trade weights from 2009 to 2044. Another important 
aspect is the inclusion of oil prices as global control variable. As mentioned before, 
we allow oil prices to be a part of cointegration relationship only for the two largest 
oil consumers, which is the euro area and US. This is in line with Feldkircher (2015).

Before estimating our model, we perform several diagnostic tests. First, we exam
ine the degree of integration of our time series. We use an augmented Dickey-Fuller 
test to the levels and first differences of all variables. The results are available in Ap
pendix in Tables A4 and A5, respectively. According to our results, the vast majority 
of series are integrated of order one. The exception is the series of short-term interest 
rates and consumer prices for Croatia and the United Kingdom, respectively. On the 
other hand, the test statistics are close to the critical value. The first difference of 
all series are stationary.

Second, we assess how to treat the deterministic components in individual VECMs.5 
These components are estimated as a part of II in the equation (3.1). We treat an 
intercept term as unrestricted and a trend term as restricted, i.e. to lie within coin
tegration space. We test for co-trending restrictions within the GVAR framework, 
i.e. we check that our assumption about the trend term is appropriate and proceed 
with such treatment. We present the results of this test in Table A8 in Appendix.

Third, using the F-test we investigate whether it is appropriate to treat the foreign 
variables as weakly exogenous. The test results are available in Table Al in Appendix 
suggesting the foreign variables can be treated as weakly exogenous. Finally, we test 
for the serial correlation in the residuals from the country models using the modified 
LM statistic. We present the results in Table A2 in Appendix. The results suggest

4See Feenstra et al. (2015).
BThe tests for cointegration rank are available in Table A7 in the Appendix.
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that some serial correlation is still present, a feature, which often appeared in previous 
GVAR studies, too. We also investigate the cross-country correlation in individual 
models. Intuitively, the residuals should not be correlated a lot since we control for 
foreign variables. With exception of exchange rates, the results presented in Table 
A6 in Appendix appear satisfactory.

3.4.3 Shock Scenarios

In order to investigate reaction of the real economy to various shocks, we utilize 
generalized impulse response functions (GIRF) by Pesaran and Shin (1998). The 
main advantage of GIRFs is that response functions are insensitive to ordering of 
the variables. On the other hand, when using GIRFs it is not possible to disentangle 
between oil-price demand or supply shock (Cashin et al. 2014). GIRFs also do not 
posses structural representation and the cross-country correlation of residuals has to 
be investigated (Feldkircher 2015). In our case, the correlation is generally weak with 
the exception of exchange rates. In addition, there remains some residual correlation 
between domestic variables within country models. As a result, we do not give the 
impulse responses a structural representation.

We present four different shock scenarios. They include a shock (unexpected 
increase) (i) in the euro area interest rate and (ii) in the euro area real activity. 
Third one investigates an unexpected decrease in oil prices, which corresponds to 
actual development in global economy at the end of 2014. The last one focuses on 
negative shock to euro area inflation in order to mirror the development of the euro 
area inflation in recent years, when deflationary risks are imminent. We choose these 
four shock scenarios because they are policy relevant. In addition, the response of 
domestic economy to the first three shocks has been extensively investigated and 
therefore, these results also serve as useful check about the validity of our global 
VAR model.

The effects of international inflation transmission are less examined. Following 
the outbreak of global financial crisis, Europe faces imminent deflationary risks with 
many euro area countries exhibiting negative inflation rates for sustained period of 
time. Given these deflationary risks, it is important to examine how they will spill 
over to the countries outside of the euro area (Galesi and Lombardi 2009). Many of 
these countries adopted inflation targeting and defined its inflation target as 2% or 
higher increase in year-on-year consumer prices. The policy relevant question is to 
what extent these small open economies will be able to meet their inflation targets 
given the deflationary tendencies in the euro area. The definitions of shocks and its 
expected effects are summarized in Table 3.2.
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Table 3.2: Shock scenarios and their expected effects on chosen re
gions

Definition EA
y p

AE
y

CEE, SEE
P y p

1. lOObp positive shock to euro area ? ? ? ? ? ?
short-term intererst rate

2. 1% positive shock to euro area 
real activity + ? + ? + ?

3. 1% negative shock to euro area 
consumer prices

? ? ? ? ? ?

4. 30% negative shock to oil prices + ? ? ? + ?

3.5 Results

3.5.1 Shock to Euro Area Interest Rate

First, we present the results of the impact of a fOO basis point (bp) increase in 
the euro area’s short-term interest rate on the individual European economies. We 
present the resulting impulse responses in Figure 3.1. As far as the euro area is 
concerned, monetary tightening of 100 bp results approximately in 0.6% decrease of 
its industrial production. For other Western European economies, the effect is of 
similar magnitude and ranges between -0.3% for the United Kingdom and -0.9% for 
Sweden.

The reaction of industrial production in the CEE countries to the euro area 
monetary shock is largely similar. The average response varies between -0.5% and 
-0.8%. Polish industrial production reacts somewhat less than other Central Eu
ropean, which corresponds to previous literature (Jimenez-Rodriguez et ah, 2010; 
Benkovskis et ah, 2011; Feldkircher, 2015). The response of the Czech and Hungarian 
real activity is approximately -0.8%. The stronger response of Czech and Hungarian 
economies, as compared to the Polish economy, is likely to be a consequence of their 
greater openness and closer trade links with the euro area.

As concerns the SEE economies, the reaction to the euro area monetary shocks 
in Romania and Croatia is approximately -0.4% and -0.5%, respectively. Bulgaria 
exhibits the strongest reaction -0.8%. Overall, the results for SEE economies suggest 
that their response is of similar size to the CEE economies. This is somewhat in 
contrast with Feldkircher (2015), who find that the response of SEE economies is 
stronger.

Next, we examine the effect of euro area monetary policy shocks on prices in 
European economies. We present the results in Figure 3.2. Monetary tightening in 
the euro area translates into lower prices in all European economies as well as in 
the United States. The euro are consumer prices in euro area drop by 0.9%, while
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Figure 3.1: Response of real activity to lOObp increase in euro area 
interest rate
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the corresponding reaction of Denmark (-0.2%), Sweden (-0.5%) and the United 
Kingdom (-0.2%) is much smaller. The results for Denmark are somewhat surprising 
considering their exchange rate policy. One would expect that euro area monetary 
shock is translated more strongly in a country with fixed exchange rate vis-a-vis euro. 
For the US, the consumer prices fall by 0.6% following the monetary tightening in 
the euro area.

The response of prices in Central Europe is quite heterogeneous. The Czech 
consumer prices respond much more strongly and decrease of 1.3%. Hungarian and
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Figure 3.2: Response of consumer prices to lOObp increase in euro 
area interest rate
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Polish prices drop by only 0.5% and 0.2%, respectively. The reaction of prices in the 
SEE is strong. Bulgaria, a country with hxed exchange rate regime, responds to the 
euro area monetary shock the most strongly (-1.6%), followed by Croatia (-0.6%) 
and Romania (-0.6%).

Note that the reaction of most of our economies does not exhibit price puzzle, 
i.e. prices fall immediately after the monetary shock. Rusnak et al. (2013) show that 
price puzzle is a consequence of misspecihcation in VAR studies and disappears once 
these misspecihcations are filtered out. Price puzzle is quite common and about one
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half of previous studies examining monetary transmission mechanism using the VAR 
exhibit price puzzle (Rusnak et al. 2013). As a result, the low occurrence of price 
puzzle in our results gives some informal support to our modelling framework.

3.5.2 Shock to Industrial Production in the Euro Area

Next, we examine how real economic activity in the euro area spill over European 
economies. We present the results in Figure 3.3. According to our results, stronger 
euro area economy induces greater economic activity in all European countries but 
with different magnitude. A 1% positive shock to industrial production translates 
into 0.3% long-term increase in industrial production in the euro area. The reactions 
of other advanced economies is largely similar to the results for the euro area. The 
effect on industrial production in the United Kingdom is smaller (+0.1%) than the 
ones for Denmark (+0.3%), Sweden (+0.5%) and the United States (+0.3%).

For the CEE countries, the average response is very similar to response in the 
euro area. More specifically, the reactions of the Czech Republic and Hungary are 
more profound accounting both for 0.4% increase in the long-term. On the other 
hand, the response of Polish industrial activity is somewhat more muted (+0.2%). 
Interestingly, previous literature finds the response of Czech Republic lower literature 
(see Jimenez-Rodriguez et al. (2010), Backe et al. (2013) or Feldkircher (2015)). The 
SEE countries (+0.2%) react on average slightly less than CEE countries (+0.3%), 
with the Romanian response being the weakest (+0.2%) and Bulgarian the strongest 
(0.3%).

3.5.3 Shock to Euro Area Consumer Prices

We also examine how euro area inflation transmits across the Europe. Following the 
global financial crisis and weak aggregate demand, many euro area countries face 
imminent deflationary risks. We present the results on the effect of 1% decrease in 
euro area consumer prices in Figure 3.4. The response of all economies to the shock 
is virtually the identical. The effect of euro area prices on aggregate price in other 
European countries is short-lived and soon converges to values close to zero. The 
short-term effect is approximately -0.7% for the economies outside of the euro area 
and long-term effect converges to about -0.05%. Overall, these results suggest that 
the inflation spillovers in Europe -  due to direct price transmission effect -  are strong 
but, to a large degree, fade away relatively quickly.

3.5.4 Shock to Oil Prices

Next, we examine the responses to 30% decrease in oil prices. This choice is motivated 
by the global development of falling oil prices, which started at the end of 2014. We 
present the results in Figure 3.5.
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Figure 3.3: Response of real activity to 1% increase in euro area real 
activity
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In line with our expectations, the unexpected drop in oil prices results in a short
term increase in real activity in all countries except for the United States. US is the 
only oil-producing economy in our sample and lower oil prices have almost immediate 
negative effect on the US economic activity Lower oil prices have either insignificant 
or slightly negative effect on the European economies in the long-term. We ascribe 
this slightly negative effect to the dampening effect of lower oil prices in the US, 
which translate to lower economic activity in Europe with a lag.

The strongest reaction of economic activity to oil price occurs approximately
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Figure 3.4: Response of consumer prices to 1% increase in euro area 
consumer prices

Notes: R egional aggregates are com puted using purchasing power pa rity  (P P P )-b ased  weights. T im e on 

x-axis is in m onths.

six months after the shock. For the euro area, the peak effect is approximately 
0.3% increase in industrial production. Swedish economy seem to react to oil price 
shocks somewhat more, while the British one somewhat less. The reaction of Danish 
industrial production is very close to the one of the euro area industrial production.

The average peak for the CEE is at +0.4% approximately five months after 
the shock. The pattern of intra-regional sensitivity is almost identical to previous 
three shock scenarios. The Czech Republic and Hungary react more profoundly 
with maximum of 0.5% and 0.5% increase, respectively. On the other hand, Polish
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industrial production reacts somewhat less with a peak around +0.3% probably due 
to higher share of agriculture in the Polish economy.

Lastly, the reaction of SEE region is slightly less profound in comparison to 
the CEE, which is not in line with the findings of Feldkircher (2015). The peak 
response of Bulgaria and Croatia stands at +0.5% and +0.4%, respectively. But the 
industrial production in Romania reacts less than its two regional peers with a peak 
of approximately +0.2%.

In addition, we examine the responses of consumer prices to 30% decrease of oil

Figure 3.5: Response of real activity to 30% decrease in oil prices

Notes: Regional aggregates are com puted using purchasing power parity  (P P P )-b ased  weights. T im e on 

x-axis is in m onths.
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prices and present them in Figure 3.6. The effect of oil prices on consumer prices is 
fast and relatively strong. The immediate pass-through effect is about 0.1 for most 
countries (30% decrease in oil price accompanied by immediate decrease of 3% in 
consumer prices). The long-term effect is quite heterogeneous. It is strongest in 
Bulgaria (-0.14%) followed by the Czech Republic (-0.09%), but typically the long
term effect is about -0.05%.

Figure 3.6: Response of consumer prices to 30% decrease in oil prices

Notes: Regional aggregates are com puted using purchasing power parity  (P P P )-b ased  weights. T im e on 

x-axis is in m onths.
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3.6 Concluding Remarks

We examine macroeconomic spillovers within the European Union using the global 
VAR model (Pesaran et al. 2004). We investigate how the euro area shocks affect not 
only the euro area economy but how they influence the European economies outside 
the euro area, too. We focus on three euro area shocks: (i) interest rate (ii) economic 
activity and (iii) consumer prices. In addition to examining the effect of these three 
shocks, we also investigate how the recent (in late 2014) dramatic decrease in global 
oil prices affects European economies.

We find that contractionary monetary policy in the euro area decreases economic 
activity and prices all over the Europe. In general, output and prices in Central 
European countries tend to react to the euro area shocks more strongly than the 
South East European countries. This is not surprising considering that the trade 
integration of Central European economies, as compared to the South East European 
economies, to Western European markets is higher (see Bussiere et al. (2008) or 
Babecka Kucharcukova et al. (2016)). The CEE economies react to the euro area 
shocks as strongly as the euro area countries itself.

Our results suggest that weak euro area economy decrease economic activity in 
other European countries, too. Importantly, we find that inflation shocks transmit 
through Europe quite quickly. The immediate pass-through effect between euro area 
prices and prices in countries outside of the euro area is approximately 0.7. From 
short-term perspective, the decrease in oil prices translates into higher economic 
activity and lower prices in Europe. Our results suggest that the immediate pass
through effect is approximately 0.1, i.e. a 1% decrease in oil price is accompanied 
with 0.1% decrease in consumer prices.

In terms of further research, we believe it would be worthwhile to analyze spill
overs emanating from the unconventional policy measures of the European Central 
Bank within global VAR framework. Another important extension could be inclusion 
of other domestic and global variables in the system. Furthermore, extending the 
dataset by potential accession countries could shed light on the question how the EU 
shocks affect its neighboring countries. Lastly, more evidence is needed on nature 
of the spillover effects (e.g. prone to shifts or changes over time) in the direction of 
Cuaresma et al. (2019).
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3.A Appendix

Table Al: F-test for exogeneity

DoF F-crit y rer stir ltir poil

BG F(4,153) 2.43 1.56 - 0.49 1.15 -
CZ F(3,154) 2.66 1.99 - 2.26 0.23 -
DK F(3,154) 2.66 0.76 - 0.39 1.06 -
EA F(2,156) 3.05 1.48 - 0.94 1.38 0.46
HR F(3,154) 2.66 1.91 - 1.24 0.48 -
HU F(3,154) 2.66 1.76 - 3.74 0.40 -
PL F(2,155) 3.05 0.98 - 1.15 0.79 -
RO F(l,156) 3.90 2.01 - 1.14 0.77 -
SE F(4,153) 2.43 1.44 - 0.67 1.88 -
UK F(3,154) 2.66 2.24 - 2.05 5.16 -
US F(2,155) 3.05 1.95 1.80 2.67 1.03 0.71

N otes: C ritical values a t  th e  5% level are com pared to  F-crit. column.

Table A2: F -test for serial correlation

DoF F-crit y Dp rer stir ltir

BG F(4,154) 2.43 5.13 1.09 3.56 1.75 4.85
CZ F(4,155) 2.43 2.28 0.68 2.65 1.81 2.74
DK F(4,155) 2.43 5.99 0.83 5.93 2.88 0.49
EA F(4,156) 2.43 1.78 4.62 3.48 4.63 2.90
HR F(4,155) 2.43 6.57 1.37 5.01 3.13 -
HU F(4,155) 2.43 1.42 1.89 3.97 1.32 3.20
PL F(4,156) 2.43 1.39 1.49 4.35 5.55 4.52
RO F(4,157) 2.43 6.61 1.14 4.39 7.21 -
SE F(4,154) 2.43 4.80 1.64 6.05 1.86 1.66
UK F(4,155) 2.43 1.63 0.60 2.05 3.13 1.96
US F(4,154) 2.43 2.90 6.21 - 9.60 3.32

N otes: C ritical values a t  th e  5% level are com pared to  F-crit. column.



Table A3: Descriptive statistics

Variable Description Domestic Foreign Global Min. Mean Max. Observations

y
Industrial production index, average of 2010=100. 
Seasonally adjusted, in logarithms. 1 1 0 4.032 4.579 4.856 168

Dp
Consumer price inflation. Average of 2010=100. 
Seasonally adjusted, in logarithms. 1 0 0 -0.498 0.277 2.453 168

rer Nominal exchange rate vis-a-vis the US dollar, 
deflated by national price levels (CPI). 1 1 0 -5.253 -2.869 1.638 168

stir 3M market rates, rates per annum. 1 1 0 -0.001 0.045 0.487 168
ltir Government bonsd yields, rates per annum. 1 1 0 0.011 0.045 0.119 168

poil Average price of crude oil.
Seasonally adjusted, in logarithms. 0 0 1 2.988 4.027 4.812 168

N otes: P o ten tia l outliers defined as d a ta  points 3 s tan d ard  deviations above/below  th e  m ean (less th an  1% of th e  d a ta  set) are winsorized.
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Table A4: ADF test on variables in levels

Variable BG CZ DK EA HR HU PL RO SE UK US

y -1.66 -1.64 -2.10 -3.09 -1.16 -1.74 -2.30 -2.35 -1.88 -1.79 -2.76
p -1.44 -0.81 -0.70 -1.04 -0.66 -1.30 -0.35 -5.17 -1.58 2.95 -0.45
rer -1.10 -1.71 -1.71 -1.66 -1.29 -2.07 -2.79 -1.50 -2.78 -2.19 -
stir -2.22 -1.47 -2.16 -1.92 -3.27 -1.44 -2.81 -1.56 -1.781 -1.10 -2.31
y* -2.99 -3.03 -3.10 -2.31 -3.08 -3.08 -3.12 -2.95 -2.92 -3.28 -3.05
stir* -1.65 -1.84 -1.64 -2.13 -1.97 -1.73 -1.71 -1.48 -1.70 -2.13 -1.53
poil* - - - -2.59 - - - - - - -2.59

The 5% critical value of the ADF statistic including trend and intercept is -3.47, the one without trend is -2.91.
Notes: The regressions for all variables except interest rates and inflation together with its foreign counterparts, contain a constant and a trend term. ADF tests for interest 
rates and inflation are based on a constant in the ADF regression only.

3. The S
pillover E

ffect of Euro Area on C
entral and Southeastern Econom

ies

CJl
00



Table A5: ADF test on variables in first differences

Variable BG CZ DK EA HR HU PL RO SE UK US

y -6.23 -10.73 -21.05 -4.09 -10.06 -10.82 -11.70 -11.93 -6.94 -9.90 -3.07
Dp -6.29 -6.81 -7.79 -7.22 -8.91 -5.35 -6.13 -2.66 -6.53 -6.99 -9.11
rer -8.68 -8.47 -8.83 -8.84 -9.39 -8.23 -8.49 -8.52 -8.22 -7.62 -
stir -9.14 -6.91 -4.70 -5.40 -10.46 -8.38 -5.06 -5.51 -5.62 -10.16 -4.79
y* -4.07 -3.94 -3.79 -4.48 -3.89 -3.80 -3.73 -3.85 -4.01 -3.59 -4.03
stir* -4.34 -4.98 -4.95 -3.57 -5.12 -4.04 -4.98 -5.11 -4.83 -5.25 -5.53
poil* - - - -7.43 - - - - - - -7.43

The 5% critical value of the ADF statistic is -2.91.
Notes: The regressions for all variables contain a constant term in the ADF regression only.

3. The S
pillover E

ffect of Euro Area on C
entral and Southeastern Econom

ies

CJl



Table A6: Average pair-wise cross-country correlations

Levels
Country y Dp rer stir

F irst differences 
y Dp rer stir

Residual of country models 
y Dp rer stir

BG 0.57 0.26 0.96 0.65 0.29 0.11 0.85 0.06 0.08 0.10 0.77 0.04
CZ 0.53 0.28 0.97 0.76 0.23 0.17 0.82 0.18 0.06 0.17 0.74 0.07
DK 0.08 0.34 0.97 0.77 0.24 0.21 0.85 0.19 0.02 0.23 0.80 0.00
EA 0.51 0.43 0.97 0.76 0.29 0.29 0.85 0.22 -0.20 0.26 0.76 -0.08
HR 0.49 0.32 0.97 0.37 0.24 0.25 0.84 0.04 0.11 0.24 0.77 0.07
HU 0.56 0.29 0.97 0.60 0.12 0.09 0.79 0.05 -0.02 0.14 0.72 0.03
PL 0.38 0.31 0.95 0.59 0.23 0.16 0.74 0.07 0.02 0.20 0.69 0.00
RO 0.37 0.17 0.96 0.61 0.12 0.11 0.76 0.05 -0.02 0.14 0.70 0.02
SE 0.50 0.32 0.95 0.66 0.31 0.17 0.79 0.23 0.03 0.19 0.68 0.01
UK -0.17 0.20 0.89 0.68 0.22 0.13 0.66 0.04 0.00 0.17 0.60 -0.10
US 0.51 0.35 - 0.58 0.08 0.27 - 0.08 -0.07 0.19 - 0.00

N otes: C ross-country correlation for th e  variables in levels a re  presented in th e  left-hand side panel, th e  m iddle panel shows th e  correlations for first-diiTerenced d a ta  while 
correlations for th e  residuals of equations across th e  countries are presented in righ t-hand  side panel.
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Table A7: Trace test on cointegration rank

Test BG CZ DK EA HR HU PL RO SE UK US

HO : r =  0, H l : r > 1 242.4 282.3 318.9 290.4 207.1 248.5 225.2 162.7 318.5 279.8 276.8
(123.0) (123.0) (123.0) (134.2) (91.8) (123.0) (123.0) (91.8) (123.0) (123.0) (110.0)

HO : r < 1 , H l : r > 2 153.8 149.7 197.6 132.5 100.6 143.4 103.9 66.0 177.1 162.0 149.5
(91.8) (91.8) (91.8) (101.0) (64.5) (91.8) (91.8) (64.5) (91.8) (91.8) (78.5)

HO : r < 2 , H l : r > 3 93.9 83.2 98.2 63.6* 47.8 74.9 57.9* 19.3* 81.3 83.9 41.9*
(64.5) (64.5) (64.5) (71.6) (41.0) (64.5) (64.5) (41.0) (64.5) (64.5) (50.72)

HO : r < 3, H l : r > 4 50.6 29.4* 28.5* 28.8 4.9* 32.9* 25.2 06.5 44.0 27.7* 13.6
(41-0) (41.0) (41.0) (45.9) (21.0) (41.0) (41.0) (21.0) (41.0) (41.0) (26.2)

HO : r < 4, H l : r > 5 12.7* 8.8 4.7 8.0 14.1 9.7 20.0* 9.9
(21.0) (21.0) (21.0) (23.6) (21.0) (21.0) (21.0) (21.0)

cointegration rank implied by the test statistic.
Notes: Values represent trace statistic and corresponding critical values at the 5% level are provided in parentheses.
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Table A8: Nested likelihood ratio test on specification of determinis
tic terms

Test BG CZ DK EA HR HU PL RO SE UK US

HO: unrestricted intercept, 
no trend, Hl: unrestricted 42.62 21.26 14.31 17.66 52.51 11.62 56.05 59.41 45.84 61.38 21.84
intercept, restricted trend

(9.60) (7.80) (7.80) (6.00) (7.80) (7.80) (6.00) (3.80) (9.60) (7.80) (6.00)

N otes: Values represent sta tis tics  given by nested likelihood ra tio  te s t. C ritical values for th e  trace  sta tis tic  a t th e  5% level provided in parentheses.
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Chapter 4

International Spillovers of
(Un)Conventional Monetary
Policy: The Effect of ECB and US 
Fed on Non-Euro EU Countries

Abstract
We estimate global vector autoregression model to examine the effects of euro 
area and US monetary policy stances, together with the effect of euro area con
sumer prices, on economic activity and prices in non-euro EU countries using the 
monthly data in 2001-2016. Along with some standard macroeconomic variables, 
our model contains the measures of shadow monetary policy rate to address the 
zero lower bound and implementation of unconventional monetary policy by the 
European Central Bank. We find that these monetary shocks have qualitatively 
expected effects but their quantitative dimension differs across countries with 
Southeastern EU economies being less affected than their peers from Central 
Europe. The euro area monetary shocks have greater effects than those that 
emanate in the US. We also find certain evidence that the effects of unconven
tional monetary policy measures are weaker as compared to the conventional 
ones. The spillovers of euro area price shocks to non-euro EU countries are 
limited suggesting that the law of one price materializes slowly.

The paper was co-authored with Roman Horvath and published in Economic Systems [2018, 
42(1), pp. 91-105]. We thank two anonymous referees, Oxana Babecka-Kucharcukova, Ludmila 
Fadejeva, Martin Feldkircher, Michal Franta, Michal Hlavacek, Giang Ho and seminar participants 
at the Czech National Bank for helpful comments. We also thank Marco Japolo Lombardi for sharing 
the dataset on shadow policy rate. We acknowledge support from the Czech National Bank research 
project No. Al/16. All opinions expressed here are those of the authors and do not represent the 
views of the Czech National Bank.
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4.1 Introduction

The European Central Bank (ECB) has undertaken large-scale unconventional mon
etary policy measures in order to restore macroeconomic and financial stability in the 
euro area. While these measures have been primarily aimed to affect the euro area 
economies, given a high degree of financial and trade integration in the European 
Union (EU), these measures are likely to have non-negligible spillovers to non-euro 
EU members. Although the evidence on international spillovers of monetary policy 
has been focused more on the US (Bauer and Neely 2014; Chen et al. 2016; Fratzscher 
et al. 2017; Neely 2015), among others, the evidence on the international spillovers 
of ECB monetary policy is growing (Babecka Kucharcukova et al. 2016; Hajek and 
Horvath 2016; Horvath and Voslarova 2017; Potjagailo 2017).

Cuaresma et al. (2016) find that international monetary policy spillovers typically 
became more pronounced over time. Taylor (2016) emphasizes that strong monetary 
policy spillovers across the countries may result to the accommodative monetary 
policy stance worldwide contributing to financial imbalances with potentially harmful 
real effects. For this reason, Taylor (2016) argues that sound policy rules are vital in 
order to promote stable international monetary arrangements.

Despite that, we still think we can contribute to this literature. Including the 
more recent data and a wider set of non-euro EU countries allows us to examine the 
international spillovers of monetary policy in ultra-low or even negative interest rate 
environment in a fuller manner. We explicitly account for the fact that ECB has 
implemented a number of unconventional measures such as Securities Markets Pro
gramme, Outright Monetary Transactions or Expanded Asset Purchase Programme 
and therefore, we use shadow policy interest rates (Wu and Xia 2016; Chen et al. 
2017; Krippner 2013). The shadow rates are designed to account for unconventional 
measures, are not constrained by the zero lower bound and has been argued to suc
cessfully approximate the overall monetary policy stance (Wu and Xia 2016).1

To provide perspective on the importance of euro area monetary shocks, we 
also examine the effect of US Fed monetary shocks (again using the aforementioned 
shadow policy interest rates) on non-euro EU countries. Note that many other vec
tor autoregression studies examining the European countries do not control for US 
economy. We model explicitly the EU-US interactions using the global vector au
toregression model (GVAR).

Moreover, we examine not only the monetary policy shocks but also the inter
national spillovers of inflation shocks. Despite large scale of unconventional ECB

1Damjanovic and Masten (2016) and Chen et al. (2017) recently adopted shadow policy rate as 
an approximation of monetary policy under zero lower bound and applied it to examine its effects on 
real economy and prices. Some other studies, such as Belke and Klose (2013), propose to examine 
the real interest rate instead of nominal interest rate to address the issues related to the zero lower 
bound and associated structural break in the interest rates.
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monetary policy measures, the inflation in the euro area is still struggling to stay in 
positive numbers (during our sample period). An important policy question arises. 
To what extent the central bankers in neighboring small open economies such as the 
Czech Republic are constrained by the zero inflation environment in the euro area? 
In this light, we examine the international propagation of (the lack of) inflationary 
shocks in the euro area on inflation in the non-euro area countries.

Our results suggest that increasing the ECB shadow policy rate decreases eco
nomic activity and to some extent also prices in all studied countries. Comparing 
our results to Hajek and Horvath (2016), it seems that the international spillovers 
of unconventional ECB monetary policy measures are weaker as compared to con
ventional measures given that this article uses shadow policy rate (and therefore, it 
covers both conventional and unconventional policy measures), while Hajek and Hor
vath (2016) solely focus on conventional monetary policy and find somewhat stronger 
international monetary spillovers.

We also find that euro area monetary shocks are more important for non-euro EU 
countries than monetary shocks emanating in the US. In addition, our results show 
that unexpected changes in the euro area consumer prices do not have significant 
bearing on inflationary/deflationary risks in the non-euro area countries. In general, 
the Southeastern European economies are less affected by ECB and US monetary 
shocks than their regional peers from the Central Europe.

The paper is organized as follows. Section 4.2 discusses the related literature on 
the international spillovers of monetary policy. Section 4.3 introduces the GVAR 
model. Section 4.4 presents the data. We provide the results in section 4.5 and con
clude in section 4.6. Some additional statistical tests are available in the Appendix.

4.2 Related Literature

We provide a brief review of literature examining the international macroeconomic 
spillovers using various types of VAR models. We specifically focus on the mon
etary policy spillovers involving the non-euro EU countries.2 We refer the reader 
to Svensson and van Wijnbergen (1989) and Dedola et al. (2013) for the theoret
ical underpinnings of international monetary spillovers (both for conventional and 
unconventional monetary policy spillovers, respectively).

2 A number of GVAR studies examine the international transmission of credit and demand shocks. 
See, for example, Eickmeier and Ng (2015) and Fadejeva et al. (2017). In addition, some other 
contributions focus on examining the global effects of US monetary policy, see Feldkircher and 
Huber (2016) and Feldkircher et al. (2017). There is also literature using GVAR in the monetary 
union.Georgiadis (2015) examines the effect of euro area monetary policy on individual euro area 
countries and investigates whether and why individual countries react heterogeneously to the euro 
area monetary shocks. Belke and Osowski (2016) use GVAR to study the fiscal spillovers in the euro
area.
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Bluwstein and Canova (2016) introduce a Bayesian mixed-frequency structural 
vector autoregressive model and examine the international spillovers of ECB’s uncon
ventional monetary policy on several EU countries without euro in 2008-2014. The 
magnitude of international spillovers into output and inflation increases with the size 
of financial markets and the share of domestic banks and the spillovers are stronger in 
output responses than in inflation. Interestingly, the exchange rate regime does not 
matter. Bluwstein and Canova (2016) use a sum of long-term refinancing operation 
programmes, Securities Markets Programme, and covered bond purchase programs 
I and II as the measure of ECB’s unconventional monetary policy.

Babecka Kucharcukova et al. (2016) construct monetary conditions index for the 
ECB policy; the index comprises of conventional and unconventional monetary policy. 
Using this monetary conditions index, they examine the effects on inflation and 
output on several countries outside the euro area (three Central European countries 
and three euro ”opt-out” countries). The results suggest heterogeneity in terms of 
the importance of international spillovers of ECB policy. While conventional policy 
has important spillovers in all countries (especially for output), the international 
spillovers stemming from unconventional policy are typically weak and its magnidute 
varies across the countries.

Horvath and Voslarova (2017) use panel VAR model to examine the spillovers of 
ECB’s unconventional monetary policy on the economic activity and prices in the 
Czech Republic, Hungary and Poland. They use shadow rate from Wu and Xia (2016) 

and Krippner (2013) and Eurosystem’s central bank assets as the measure of ECB’s 
unconventional monetary policy. Economic activity reacts more strongly than prices 
to ECB’s unconventional policy. Using vector decompositions, they find that ECB’s 
unconventional policy explains more than 10% of economic activity fluctuations but 
only approximately 2% for the prices. The evidence that the responses of output are 
more sizable than of prices are consistent with the convex shape of aggregate supply 
and therefore, monetary shocks translate into output fluctuations rather than into 
prices during recessions.

There are also other papers examining the international spillovers of ECB’s mon
etary policy. However, these papers consider the conventional monetary policy only. 
Horvath and Rusnak (2009) investigate the effect of ECB’s (conventional) monetary 
policy on Slovak output and prices before Slovakia adopted euro (in 1999-2007). 

While the evidence from the period of global financial crisis (for example, by Hor
vath and Voslarova (2017)) suggest that the spillovers are stronger for output than for 
prices, Horvath and Rusnak (2009), using pre-crisis data in a high economic growth 
environment, find the opposite. The ECB’s monetary policy explains 25% of prices 
fluctuations in Slovakia, while only 5% of output fluctuations. According to Horvath 
and Rusnak (2009), Slovak monetary policy explains only 2% of prices fluctuations 
domestically. Therefore, ECB’s monetary policy was more powerful than domestic
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monetary policy in terms of affecting prices already prior to the Slovak euro area 
entry.

Hajek and Horvath (2016) use the GVAR model and examine the international 
spillovers of ECB’s conventional monetary policy on output and prices in Central 
Europe and Southeast Europe. They find that while the response of Central Euro
pean countries to the ECB’s monetary shocks is almost as strong as the response 
of the euro area countries, the response of Southeast European countries is more 
muted. In comparison to this article, Hajek and Horvath (2016) do not examine the 
effects of unconventional monetary policy as well as the effects of US Fed monetary 
policy. Similarly, an important contribution by Feldkircher (2015) does not examine 
unconventional monetary policies. Another stream of literature examines the effects 
of ECB’s unconventional monetary policy on the euro area output and prices and 
not on the international spillovers (Gambacorta et al. 2014; Peersman 2011).

One of the most recently published GVAR applications with a similar focus is also 
Benecka et al. (2018). They propose a new way of modeling euro area countries in a 
multi-country framework, accounting for joint monetary policy, and a novel approach 
to simultaneously identifying shocks. Results discussed in Benecka et al. (2018) show 
that in most euro area and Central, Eastern, and Southeastern European countries, 
prices adjust and output falls in response to a euro area monetary tightening, but 
with a substantial degree of heterogeneity.

4.3 Global Vector Autogregression

The spillover literature often suffered from the use of reduced-form framework with
out sufficient theoretical underpinnings. The reason is that large models for exam
ining interactions in a complex high-dimensional system such as the global economy 
are often incomplete and do not present closed system, which is essential for sim
ulation analysis (Granger and Jeon 2007). Consequently, we use the GVAR model 
developed by Pesaran et al. (2004), which extends reduced-form frameworks (e.g. 
standard VAR models) to explicitly analyze the nature of international transmis
sion of shocks. This coherent method allows for both long-run theory-consistent and 
short-term data-consistent relationships. In addition, GVAR framework includes 
higher-round effects to examine the propagation of shocks in a fuller manner Backe 
et al. (2013). Canova and Ciccarelli (2013) emphasize that GVAR intuitively captures 
important features of a comprehensive economic system while trying to maintain a 
simple structure allowing for easy estimation. The survey of GVAR models, including 
its applications, is provided by Pesaran et al. (2004).

In general, the GVAR model consists of two steps. The first step is to estimate 
the vector error corrections (VECM) for each individual country separately. The 
second step is to generate global representation by taking the individual country
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estimates and connect them through some bilateral (time-varying) trade or financial 
links). Our model description in this section heavily draws on Feldkircher (2015) and 
Hajek and Horvath (2016).

4.3.1 First Stage: The Country Models

Following Feldkircher (2015), the system of equations for each country ie { 1 ,..., N }  
is as follows:

p - l  g - l

--- CyQ +  C y ] t  +  T ly Z f—l  +  ) T yy  j  Alfa — ) Fÿæ, j AiC^-fc
fc=i fc=l (4.1)

l e x - 1  v '

+ +  A,.A;r/ +  + eyt
k = l

p - l  g - l

A x t = cx0 + cxt + E &Vt-k + E xxp^-Xt—k T  &xt (4-2)
k = l  k = l

with zt = (yt ,Xt), ut = (eyt,ext) 7V(0,]y,J and A representing the first differ
ence operator.

The variables presented above are divided into three main groups: domestic, 
foreign and global variables. The m  x 1 vector yt consists of domestic variables, which 
include the measure of output, prices, exchange and (shadow) interest rates. (Chen 
et al. 2017) also use shadow policy rate within the GVAR framework, xt is a n  x 1 
vector of the corresponding foreign variables. For each country we construct the set 
of foreign variables as a cross-country weighted average of its domestic counterparts 
(Feldkircher 2015):

N
■= ^ ^ y i -

the weights e W  represent bilateral financial or trade integration between 
countries (di Mauro et al. 2007; Pesaran et al. 2004; 2007). In this paper, we use 
(time-invariant) trade flows because our model primarily contains macroeconomic 
variables. These flows represent the most important transmission channel through 
which the spillovers are governed. The corresponding N  x N  weight matrix W  is 
row-standardized and has zero entries on its diagonal: ¡Xij > 0, ixa = 0, Y^jLi x>ij = 1 
(Feldkircher 2015).

In order to control for global environment, we include oil prices and treat them 
as strictly exogenous component dt in the model. In contrast to di Mauro et al. 
(2007), Pesaran et al. (2004) and Pesaran et al. (2007) and in line with Feldkircher 
(2015) and Hajek and Horvath (2016), we exclude strictly exogenous variables from
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the cointegrating relationship.3 Weakly and strictly exogenous variables enter the 
conditional model presented in equation (4.1) contemporaneously. We include do
mestic variables lagged and add a trend and an intercept term, which we further 
restrict to lie in the cointegration space (di Mauro et al. 2007).

Following Feldkircher (2015), the system of equations for country i can be written 
more compactly as:

p— 1 lex—1

A zt =  c0 +  cit + + Nrx, + AdM t + ^ i ^ d t- k + ut (4.3)
fc=i fc=i

4.3.2 Second Stage: Forming a Global Representation

Once N  single country models presented in equation (4.3) are estimated, these models 
are transformed into their VAR representation and aggregated into single global 
representation.

Therefore, following Feldkircher (2015), we rewrite the model presented in equa
tions (4.1) and (4.2) into its VAR form:

( i  -  B i V t - k
lexi

+ y? V t _ k +  d t ,
k=0

(4-4)

where r-i := max(qi,Pi) and the matrices A k and B k are equal to zero for lags k.
Furthermore, equation (4.4) can be written as:

ri lexi
Glzl = cjj + c\t + H kzlt_k + X kdlt_k + ult 

k = l  k= 0

where H k represents the aggregated matrices of coefficients linked to domestic 
and foreign variables. These coefficient matrices denote estimates from the former 
stage as described in the sub-section 4.3.1. Feldkircher (2015) invokes a m  x ^k= i m i 
global link matrix E' that specifies how individual shocks are transmitted through 
the system:

ri lex i
• V t  =  Cq +  c \ t  +  +  u lt , o r

k = l  k=0

ri lex i

G l y t  =  Cq + c)t + ^ k d lt _ k +  u lt
k = l  k=0

3That is, similar to Liitkepohl (1993), we exclude strictly exogenous covariates as control variables 
from II, which enhances the stability of the global model.
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where E' assigns domestic to foreign variables. In this context, we build links 
between all countries and they correspond to the links created when constructing the 
foreign variables. As already noticed, we construct the weights Wt using trade flows 
over the chosen period.

Aggregating the single country models results in:

r lex
Gyt g, | +  52  HkUt-k +  52 ^kd t-k  + ùt, (4.5)

fc=l k= 0

where

r := max n , lex := max lex¿

For lags k, the matrices Hk and T/,. are both set to zero. Feldkircher (2015) 
identifies aggregated square matrix G as non-singular so that equation (4.5) can be 
multiplied by G_1 from the left-hand side to yield the ultimate GVAR model:

r lex
yt = ct + cit +  52  Hkyt-k + ^ r kdt_k + ut . (4.6)

fc=l k= 0

Consequently, a final representation of our economy in equation (4.6) allows us to 
connect all individual countries by bilateral trade flows and to link domestic variables 
to the global representation.

4.4 Data and Model Setup

We use the monthly data from January 2001 to January 2046. We do not use 
data prior to 2000s because many Central and Eastern European countries, which 
are now the EU members, has been undertaking large scale structural reforms to 
transform to market-oriented economies.4 Our data set covers 28 current members 
of the European Union and the world-biggest economy - the US - in order to account 
for global economic environment and the role the US economy plays for the EU 
economic developments. As opposed to Hajek and Horvath (2046), the euro area 
is considered as single entity only for the monetary policy variable to reflect the 
inability of euro area member states to conduct monetary policy solely according to 
national preferences. Apart from that, the euro area is treated as individually as 49 
countries.

We use the IMF-IFS data on real activity (proxied by industrial production), 
consumer prices, the real exchange rate, short-term and long-term interest rates and 
include them as domestic variables. We present descriptive statistics with the data

4A1so the yields in the beginning of 2000s were already much lower than what they used to be in 
the 1990s (or earlier) as (Belke et al. 2017) document.
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definitions in Table A4. We use shadow policy rates from Wu and Xia (2016) for 
short-term interest rate in the euro area and the US. This is particularly important 
since the shadow rates mirror the use of both conventional and unconventional mon
etary policy tools. To our knowledge, this is a clear distinction from the previous 
GVAR literature. In addition, we choose foreign real activity, inflation, short-term 
and long-term interest rates as weakly exogenous variables. Since this paper does 
not have the ambition to model oil prices, we include oil prices as strictly exogenous 
variables for the two largest producers and consumers - the US and the euro area. 
Exchange rate is used as additional weakly exogoenous variable for the US only. 
When it comes to estimation of trade weights, we use IMF-DoTS bilateral data on 
exports and imports of goods and services covering the whole time span.

We perform an Augmented Dickey-Fuller test to the levels and first differences of 
all variables. The results are available in Appendix in Tables A5 and A6, respectively. 
The vast majority of series fulfill the condition of integration of order one. The 
exception are series of short-term interest rates in Poland and Romania and prices 
in Romania and the UK. On the other hand, the test statistics are relatively close 
to the critical value. The first differences of all series are stationary. However, we 
abstain from first differencing the data (i.e. using only stationary series in case of 
1(f) variables) so that we capture also long-term information in our model. Including 
non-stationary series does not pose restrictions on our econometric framework as long 
as the GVAR passes the overal stability which as in case of standard VARs implies 
stationarity according to (Lutkepohl 2005). Table A7 in Appendix shows the overall 
stability of the GVAR is passed.

We also test whether we treat the deterministic components in indvidual VECMs 
appropriately. The results of the nested likelihood test appear satisfactory and are 
available in Appendix in Table A8. Consequently, we treat an intercept term as 
unrestricted and a trend term as restricted for all countries. In addition, we provide 
the results on F-test for exogeneity in Table A5, F-test for the serial correlation in 
Table A6 and present the aggregation weights in Table A7.

We use fixed-weight matrix based on trade flows covering period of 2001-2015. 
In case fixed-weight matrices based on shorter time spans or time-varying matrices 
are used, stability of our model decreased substantially. We apply lags suggested by 
Schwartz-Bayesian Information Criteria as they tend to be more accurate in small 
samples (Ivanov and Kilian 2005).

We present three different shock scenarios. They include a shock (unexpected 
increase) in (i) the ECB shadow policy rate and (ii) the FED shadow policy rate. 
For the ease of exposition, we label them as monetary shocks hereinafter. In order 
to mirror the recent development of the euro area inflation (i.e. when deflationary 
risks are imminent), we focus also on a shock (unexpected decrease) in (iii) the euro
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area prices. We choose these three shock scenarios because they are policy relevant 
and they are less explored in previous literature.

We utilize generalized impulse response functions (GIRF) by (Pesaran and Shin 
1998) as they are insensitive to ordering of the variables. Even though the remaining 
correlation in residuals is generally weak, we prefer not to give the impulse responses 
a structural representation. Note that (unconventional) monetary policy shock is 
approximated by shock to shadow policy rate, which differs from standard approach 
such as Choleski decomposition or sign restrictions.

4.5 Results

4.5.1 Shock to the ECB Shadow Policy Rate

In the first shock scenario we examine domestic and cross-country effects of an un
expected lOObp increase in the ECB shadow policy rate. We present the results for 
real activity in Figure 4.1. To give some perspective about the importance of inter
national spillovers, we also present the results for the response of the euro area real 
activity. In terms of the domestic effects, we conclude that unexpected increase in 
the shadow policy rate leads to deterioration of real activity by 0.6% on the mone
tary policy horizon. This is similar to results obtained when ’’conventional” interest 
rates are used as presented in Feldkircher (2015) and Hajek and Horvath (2016). 
Feldkircher et al. (2017) also find that tighter monetary conditions in the euro area 
translate into lower economic activity in the Central Europe. They distinguish two 
channels how the monetary conditions propagate into real activity - 1) the interest 
rates and asset prices channel and 2) exchange rate channel and find that the first 
channel dominates.

For the other advanced European economies, the lowest effect is observed for the 
UK (-0.4% both), while the Swedish industrial production reacts more pronouncedly 
(-0.8%). The responses in the Central European economies (CEE) are largely similar. 
The Polish real activity reacts somwehat less (-0.6%) than the Czech Republic (- 
0.8%). These differences among these so-called Visegrad countries are likely to be 
a consequence of greater trade openness of the Czech economy and they are also in 
line with previous literature.

In context of the Southeastern Europen economies (SEE), the reaction in Ro
mania and Bulgaria on the monetary policy horizon is statistically insignificant, the 
respective effect in Croatia is approximately -0.7%. These results are slightly different 
compared to the ones obtained when conventional interest rates are used. Overall, 
the SEE region tends to react less pronouncedly than its CEE counterpart. This is in 
line with our expectations since the trade links between the euro area and the CEEs 
are stronger.
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Figure 4.1: Response of industrial production to lOObp increase in 
the ECB shadow policy rate
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Notes: Generalized impulse responses with 95% bootstrapped confidence intervals.

In addition to the effects on real activity, we also focus on the effects of consumer 
prices in all economies and present the impulse responses in Figure 4.2. Monetary 
tightening in a form of unexpected lOObp increase in the ECB shadow policy rate 
leads to decrease in the domestic consumer prices roughly by 0.1% on the monetary 
policy horizon. This is substantially lower effect than the one observed for conven
tional interest rates (see, for instance, Hajek and Horvath (2016)).

The response in other European economies is also much lower when the shadow 
rates are used instead of the standard interest rates. More specifically, in the ad
vanced European economies the spillover effect is roughly -0.1%). In context of the 
CEEs, response is more pronounced than in case of the euro area countries with the 
highest values observed for Hungary (-0.2%). Similarly as in the case of real activity, 
the effects of the ECB monetary tightening in the SEEs are somewhat smaller than 
in the CEEs. The highest response is observed in Croatia (-0.2%>).

When we compare our results to Hajek and Horvath (2016), who focus only 
on the international spillovers of conventional monetary policy, our results suggest 
somewhat lower effects of unconventional monetary policy measures as opposed to the 
conventional measures. This however largely applies only to consumer prices and not 
real activity measures. This conclusion is in line with the observed development in 
the European economies since the ECB launched its quantitative easing programme. 
While the real activity started to pick up, the inflation still remains at very low levels
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Figure 4.2: Response of consumer prices to lOObp increase in the 
ECB shadow policy rate

Notes: Generalized impulse responses with 95% bootstrapped confidence intervals.

(during our sample period).

4.5.2 Shock to the FED Shadow Policy Rate

In the second shock scenario we deal with domestic and cross-country effects of an 
unexpected fOObp increase in the FED shadow policy rate, Figure 4.3 presents the 
impulse responses of real activity variables in all studied economies. In terms of the 
domestic environment, the US industrial production shrinks by 0.4% on the monetary 
policy horizon as a result of the shock.

As far as cross-country effects are concerned, there is generally higher uncertainty 
than in the case of the first, shock scenario. This reflects two key features about, our 
system. First, the US economy is linked mostly to the euro area, economy so the euro 
area, may well absorb a, part, of the US shocks before they hit, non-euro EU countries 
(especially CEEs and SEEs). Second, the economy of the US is the biggest, unit, in 
our system and so any shock affecting this economy cause higher volatility than shock 
to any other unit, within our system. Chen et, al. (2017) compare the importance of 
spillovers from ECB and US Fed monetary policy for 24 different, countries around 
the world, including the Czech Republic, Poland, Romania,, Sweden and the UK and 
find that US Fed shocks are more powerful than the ECB ones, with the exemption
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Figure 4.3: Response of industrial production to lOObp increase in 
the FED shadow policy rate
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Notes: Generalized impulse responses with 95% bootstrapped confidence interval.

of the Czech Republic. This finding of prominence of US Fed shocks on non-euro 
area countries in the EFT is not fully supported by our results.

In terms of the domestic environment, unexpected fOObp increase in the FED 
shadow policy rate translates into 0.4% deterioration of real activity. As regards 
the euro area, the respective spillover effect amounts to 0.6%) deterioration of its 
real activity. The results for other advanced European economies are largely similar. 
The strongest response is observed in Sweden (-0.8%>), the effect is somewhat less 
pronounced in Denmark (-0.4%) and the UK (-0.3%>). In context of the CEEs, the 
FED monetary policy tightening has the highest effect in the Czech Republic and 
Hungary (-0.7%) both), industrial production in Poland drops by 0.5%). Similarly as 
in the first shock scenario, the region of the SEEs reacts less than its counterpart 
from the Central Europe. Industrial production in Bulgaria decreases by 0.5%).

Next, we investigate impacts on consumer prices and Figure 4.4 provides a sum
mary of responses in all analyzed economies. Monetary tightening in a form of 
unexpected lOObp increase in the FED shadow policy rate has very small effect on 
the euro area, consumer prices (-0.1%)) and similar values are also observed for Den
mark. This is not, surprising given the exchange rate of Danish Krona, is pegged to 
the euro. The highest, response is observed in the Czech Republic and the domestic 
environment, (-0.2%>). The price puzzle does not, occur in this shock scenario either.



4. International Spillovers of (Un)Conventional Monetary Policy 76

Figure 4.4: Response of consumer prices to lOObp increase in the 
FED shadow policy rate
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Notes: Generalized impulse responses with 95% bootstrapped confidence intervals.

4.5.3 Shock to the Euro Area Prices

In response to imminent deflationary risks, in the third scenario we focus on an 
unexpected 1% decrease in the euro area consumer prices and resulting impulse 
responses are presented in Figure 4.5. In terms of the domestic environment, the 
simulated shock leads to decrease of the euro area consumer prices by 0.5% 12 months 
after the shock and then becomes insignificant.

Shifting focus to cross-country effects, evidence suggests consumer prices decrease 
the most in Bulgaria (-1.4%) immediate effect) and Croatia (-1.0%) immediate effect), 
while the response in other countries such as Sweden or Denmark are somewhat 
lower (-0.6%) and -0.4%) immediate effect, respectively). 6 months after the shock, 
the responses of consumer prices in these economies become weaker and within 12 
months after the shock they lose significance.

In light of these results, it seems that unexpected decrease of the euro area con
sumer prices by 1.0%) does not translate quickly into lower prices in other countries. 
The effects are somewhat heterogeneous and surrounded by some margins of uncer
tainty. From a monetary policymakers’ perspective, this might serve as an important 
evidence justifying inaction in case of an unexpected change in the euro area con
sumer prices. Our results also imply that the law of one price is slower than the 
horizons we focus at using the GVAR model.
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Figure 4.5: Response of consumer prices to 1% decrease in the euro 
area consumer prices
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Notes: Generalized impulse responses with 95% bootstrapped confidence intervals.

The response in the UK becomes statistically significant on the monetary pol
icy horizon and the estimated effects are positive. We do not find any economic 
explanation for this result and regard it as puzzling.

4.5.4 Robustness Checks

Unlike conventional monetary policy rates, the shadow policy rates approximate 
the monetary policy stance once the economy hits the zero lower bound and un
conventional monetary policy is in place. However, the shadow rate estimates are 
surrounded by a certain degree of uncertainty. Therefore, it is vital to employ more 
shadow policy rate estimates and examine the robustness of our findings. As a result, 
instead of (Wu and Xia 2016) shadow policy rate measure, we use the shadow rates 
provided by Krippner (2013) and Lombardi and Zhu (2014).

The measure provided by Krippner (2013) is available for several countries and 
is based on an option-pricing model. The shadow rate is available also in Lombardi 
and Zhu (2014). Their framework is based on estimating the unobservable policy 
rate using data on additional financial variables and central bank operations. LTnfor- 
tunately, the Lombardi and Zhu (2014) measure of shadow policy rate is available 
only for the LTS economy.

Consequently, we estimate two alternative versions of our original GVAR model
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using the alternative measures of shadow policy rates one after the other and then 
perform the same shock scenarios.5

The results are compared to our benchmark results based on the Wu and Xia 
(2016) shadow rate measure. The summary of this comparison is presented in Ap
pendix in Tables A9-A11. We also present Figures Al to A5 in Appendix in order to 
provide a reader with broader picture of the resulting effects across different versions 
of the model.

The general tendency of the responses under all shadow policy alternatives is 
similar but there are some differences in the size of the effects. Nevertheless, the 
results in all of the presented models do not exhibit price puzzle and are generally 
consistent with one another. Overall, the responses are strongest when (Wu and Xia 
2016) shadow policy rates are used. The greatest amount of uncertainty is observed 
in model with Lombardi and Zhu (2014) shadow policy rate generating the smallest 
amount of statistically significant results.

The results from the model with Lombardi and Zhu (2014) measure lie in the 
most cases somewhere in between the results when Krippner (2013) and (Wu and Xia 
2016) measure is used. Having in mind completely different definition of Lombardi 
and Zhu (2014) shadow policy rates (from the definition of the other two measures), 
this provides evidence of robustness of our results.

4.6 Concluding Remarks

In this paper, we examine international spillovers of monetary policy using the global 
VAR model (Pesaran et al. 2004). In particular, we investigate how monetary shocks 
emanating in the euro area and in the US affect economic activity and prices in 
non-euro EU countries. Given that both the US Fed and the ECB implemented a 
number of unconventional monetary policy measures and were affected by the zero 
lower bound, we use shadow rates, which are designed to address these two issues (Wu 
and Xia 2016). Therefore, shadow rates serve as the proxy for the overall monetary 
policy stance. More specifically, we examine three policy relevant shock scenarios 
that involve: (i) the ECB shadow policy rate, (ii) the US Fed shadow policy rate and 
(iii) the euro area consumer prices.

We find that increasing the ECB shadow policy rate decreases economic activity 
and to some extent also prices in all non-euro EU countries. However, our results 
suggest somewhat weaker effects of unconventional monetary policy measures as op
posed to the conventional measures. Therefore, in terms of policy implications, our 
results suggest that monetary policy spillovers to the Central Europe emanating from 
the ECB can become stronger in the future once the ECB reduces the intensity or

BWhen using Lombardi and Zhu (2014) shadow policy rate we perform only shock scenario with 
the FED shadow policy rate.
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abandons its unconventional policy measures. Regarding the scenario with changes 
in the FED shadow policy rate, the results point to similar quantitative direction as 
for the euro area monetary shocks but they are slightly less pronounced.

Our further results show that unexpected changes in the euro area consumer 
prices do not have significant bearing on inflationary/deflationary risks in analyzed 
countries. If there are some significant effects, they are small and fade away quite 
quickly.

Regardless the type of shock we examine, the Southeastern European economies 
are affected less than its peers from Central Europe, which is in line with their lower 
degree of trade and financial integration with the euro area.

In terms of future research, it may be vital to employ different econometric mod
els such as Mixed-Cross-Section GVAR, Bayesian GVAR or time-varying parameter 
GVAR and eventually examine other policy scenarios, for example, examining jointly 
the effects and interactions of monetary and macroprudential policies, explicitly ex
amining the changes in the uncertainty in the financial markets or comparing the 
importance of domestic vs. euro area monetary policy for domestic prices and real 
economy. The time-varying parameter GVAR could be helpful to assess potential 
non-linearities as well as the evolution of the importance of the shocks over time.
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4.A Appendix

Table A l: Data for constructing aggregation weights

Country GDP Country GDP Country GDP

AT 316299 IT 1778233 CZ 246512
BG 384804 LT 57002 DK 200036
CY 23161 LU 40918 HR 76042
DE 2849479 LV 36141 HU 188428
EE 27155 MT 10021 PL 708112
ES 1344672 NL 637993 RO 292717
FI 183041 PT 239315 SE 342913
FR 2057959 SK 117948 UK 2019613
EL 270121 SI 49833 US 13379334
IR 166768 BG 96410

Source: Feenstra et al. (2015).
Notes: GDP at PPP (current international USD), millions, average over 2000-2011.

Figure Al: Responses of industrial production to lOObp increase in 
the ECB shadow policy rate across models with different 
shadow policy rates

Notes: Generalized impulse responses on three horizons - 12, 18 and 24 months.
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Figure A2: Responses of consumer prices to lOObp increase in the 
ECB shadow policy rate across models with different 
shadow policy rates
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Notes: Generalized impulse responses on three horizons - 12, 18 and 24 months.

Figure A3: Responses of industrial production to fOObp increase in 
the FED shadow policy rate across models with different 
shadow policy rates

Notes: Generalized impulse responses on three horizons - 12, 18 and 24 months.

Figure A4: Responses of consumer prices to fOObp increase in the 
FED shadow policy rate across models with different 
shadow policy rates

Notes: Generalized impulse responses on three horizons - 12, 18 and 24 months.
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Figure A5: Responses of consumer prices to 1% increase in the euro 
area consumer prices across models with different shadow 
policy rates
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Notes: Generalized impulse responses on three horizons - 12, 18 and 24 months.

Table A2: F-test for exogeneity

DoF ys ps rers stirs ltirs poil

BG F(3.168) 0.92 3.73 - 3.18 0.80 -
CZ F(3.168) 2.27 1.45 - 2.24 0.05 -
DK F(3.168) 2.52 1.81 - 0.11 0.33 -
EA F(3.168) 1.71 3.88 - 0.08 0.45 0.01
HR F(3.169) 2.21 1.21 - 1.20 - -
HU F(3.168) 7.35 0.90 - 0.26 0.10 -
PL F(3.163) 3.11 0.19 - 0.08 0.65 -
RO F(3.168) 2.79 0.35 - 4.46 0.75 -
SE F(3.168) 2.50 1.45 - 0.73 0.50 -
UK F(3.168) 2.76 4.73 - 4.65 0.20 -
US F(3.163) 0.11 8.95 1.22 6.64 - 4.58

Notes: The 5% critical value of the F-test is 3.05 for all countries except for EA, HR and US. For the 
remaining countries critical value is 3.80.

Table A3: F -test, for serial correlation

DoF y P rer stir ltir

BG F(3,168) 3.05 1.49 7.98 4.57 4.68
CZ F(3,168) 0.50 0.85 2.95 2.30 1.52
DK F(3,168) 4.20 2.41 6.91 0.65 0.73
EA F(3,168) 0.50 3.07 3.72 2.46 4.60
HR F(3,169) 11.74 1.33 4.08 15.78 -
HU F(3,168) 2.42 0.92 2.86 2.17 9.57
PL F(3,163) 3.29 1.54 0.03 5.77 0.26
RO F(3,168) 5.45 1.03 4.91 6.92 -
SE F(3,168) 5.05 2.54 6.10 4.75 3.60
UK F(3,168) 10.51 3.78 6.13 2.17 5.80
US F(3,163) 3.67 0.78 - 0.77 0.56

Notes: The 5% critical value of the F-test is 2.66.
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Table A4: Descriptive statistics

Variable Description Min Max Mean Sdev

y industrial production index, 2010=100, SA, logs 4.02 5.07 4.61 0.15
p consumer price, 2010=100, SA, logs 3.64 4.75 4.58 0.13
rer exchange rate vis-a-vis USD, deflated by price level -5.25 1.57 -4.28 1.19
stir 3M market rates /  Wu and Xia (2016) rates -0.04 0.49 0.02 0.04
ltir government bond yields, per annum 0.00 0.29 0.04 0.02
poil 1M average price of BRENT oil, SA, logs 2.94 4.84 4.16 0.53
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Table A5: ADF test on variables in levels

Variable BG CZ DK EA HR HU PL RO SE UK US

y -1.90 -1.86 -1.91 -2.14 -1.75 -1.92 -1.64 -2.85 -2.13 -1.88 -2.09
p -2.06 -2.81 -2.10 -1.92 -2.48 -2.28 -2.03 -4.14 -2.33 -2.26 -3.98
rer -0.56 -0.95 -1.32 -1.65 -0.91 -1.48 -1.52 -0.80 -1.67 -2.20 -
stir -2.03 -1.92 -1.46 -0.44 -2.58 -1.11 -4.62 -4.54 -1.54 -1.26 -1.70
ltir -1.10 -0.85 -0.83 -0.60 - -1.00 -2.63 - -0.95 -0.93 -1.72
y* -2.13 -2.08 -2.13 -1.90 -2.12 -2.08 -2.08 -2.07 -1.98 -2.15 -2.06
p* -2.06 -1.93 -2.39 -2.58 -1.98 -1.95 -2.00 -1.87 -2.36 -2.54 -1.97
rer* -2.12 -1.87 -2.03 -1.62 -1.78 -2.08 -1.98 -2.00 -1.84 -1.73 -1.60
stir* -1.79 -0.84 -0.67 -2.05 -0.56 -1.31 -0.66 -0.50 -0.91 -0.76 -0.73
ltir* -0.65 -0.68 -0.74 -1.12 -0.60 -0.70 -0.59 -0.55 -0.76 -0.82 -0.59
poil - - - 0.25 - - - - - - 0.25

Notes: The regressions for all variables except interest rates and inflation together with its foreign counterparts, contain a constant and a trend term. ADF tests for interest 
rates and inflation are based on a constant in the ADF regression only. The 5% critical value of the ADF statistic including trend and intercept is -3.47, the one without trend 
is -2.91.
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Table A6: ADF test on variables in first differences

Variable BG CZ DK EA HR HU PL RO SE UK US

Dy -7.37 -8.89 -21.1 -7.56 -10.27 -8.42 -8.31 -13.10 -8.34 -27.72 -5.09
Dp -7.69 -6.77 -8.36 -7.03 -10.27 -7.57 -7.67 -6.33 -5.06 -7.25 -8.92
Drer -8.30 -8.29 -8.51 -8.79 -8.72 -8.17 -8.34 -8.34 -8.24 -7.72 -
Dstir -6.74 -7.23 -4.64 -7.09 -15.80 -8.68 -5.06 -7.10 -5.91 -10.63 -4.72
Dltir -6.87 -9.80 -9.16 -9.17 - -11.14 -6.43 - -8.33 -8.61 -9.89
Dy* -7.20 -7.47 -7.27 -5.05 -7.30 -7.36 -7.41 -7.25 -7.59 -6.77 -7.94
Dp* -7.17 -7.10 -7.20 -8.21 -6.99 -7.02 -6.72 -6.79 -7.44 -7.55 -6.97
Drer* -8.74 -8.84 -9.22 -7.97 -8.85 -8.79 -8.96 -8.89 -8.98 -8.84 -9.03
Dstir* -6.99 -6.79 -6.56 -3.87 -6.98 -7.02 -6.80 -6.94 -6.51 -7.08 -6.91
Dltir* -9.25 -9.16 -9.22 -9.47 -9.32 -9.14 -9.37 -9.29 -9.37 -9.52 -9.20
Dpoil - - - -8.32 - - - - - - -8.32

Notes: The regressions for ail variables contain a constant term in the ADF regression only. The 5% critical value of the ADF statistic is -2.91.
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Table A7: The highest inverse roots

IR1 IR2 IR3 IR4 IR5 IR6 IR7 IR8 IR9 IR10

0.975 0.955 0.955 0.922 0.860 0.860 0.799 0.782 0.626 0.591

N otes: T hese num bers represent m oduli (i.e. transform ed eigenvalues) of th e  roots closest to  th e  un it circle boundary.
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Table A8: Nested likelihood ratio test on specification of determinis
tic terms

BG* CZ DK EA HR HU* PL RO SE UK US

Stat 10.08 49.52 26.56 -51.25 -32.24 14.01 51.39 66.48 23.58 32.55 -52.72
Schwartz-Bayesian sta tis tic  was used instead  of Loglikelihood sta tis tic  as th is  was s ta tistica lly  insignificant.

N otes: Null-hypothesis is: unrestric ted  in tercept, no tren d . A lternative-hypothesis is: unrestric ted  in tercept, restric ted  tren d . C ritical value is 6.00 for all countries except for 
EA, HR and US. For th e  rem aining countries critical value is 3.80.
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Table A9: Summary of impulse responses under different scenarios 
using Wu and Xia (2016) shadow policy rate

BG CZ DK EA HR HU PL RO SE UK US

lOObp increase in the ECB shadow policy rate (effect on activity)
12M -0.38 -0.68* -0.25 -0.53* -0.61* -0.5 -0.45* 0.03 -0.7* -0.32* -0.38*
18M 0.46 -0.8* -0.34 -0.63* -0.65* -0.62 -0.55* -0.01 -0.84* -0.36* -0.41*
24M 0.46 -0.75* -0.36 -0.61* -0.65* -0.6 -0.52* -0.02 -0.84* -0.36* -0.4*

lOObp increase in the ECB shadow policy rate (effect on prices)
12M -0.12* -0.11 -0.05* -0.06* -0.15* -0.18* -0.07* -0.01 -0.09* -0.07* -0.15*
18M -0.12 -0.14 -0.05* -0.06 -0.15* -0.22* -0.09 -0.02 -0.1 -0.07 -0.15
24M -0.09 -0.14 -0.04* -0.04 -0.12 -0.21* -0.08 -0.01 -0.07 -0.05 -0.11

lOObp increase iin the FED shadow policy rate (effect on activity)
12M -0.44* -0.64* -0.3* -0.52* -0.25 -0.63* -0.45* -0.21 -0.65* -0.27* -0.29*
18M -0.53* -0.73* -0.4* -0.59* -0.31 -0.73* -0.51* -0.26 -0.79* -0.32* -0.34*
24M -0.53* -0.74* -0.43* -0.59* -0.32 -0.73* -0.51* -0.26 -0.81* -0.31* -0.33*

lOObp increase in the FED shadow policy rate (effect on prices)
12M -0.09* -0.11* -0.05* -0.06* -0.1* -0.1* -0.07* -0.05 -0.06* -0.04* -0.11*
18M -0.13* -0.16* -0.06* -0.08* -0.13* -0.12* -0.09* -0.07 -0.09* -0.06 -0.16*
24M -0.14* -0.19* -0.06* -0.08* -0.13* -0.12* -0.11* -0.09 -0.09 -0.07 -0.17*

1% decrease in the euro area consumer prices (effect on prices)
0M -1.39* -0.37 -0.37* -1* -1.03* -0.07 0.11 -0.17 -0.56* 0.19 -0.22
6M -1.21* -0.49 -0.25 -0.77* -0.48 0.6 0.27 -0.62 -0.3 0.31 0.39
12M -0.74 -0.06 -0.03 -0.52* 0.06 1.2 0.56 -0.6 0.09 0.64* 1.4
18M -0.45 0.42 0.11 -0.36 0.31 1.65 0.84 -0.44 0.35 0.79* 1.42
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Table A10: Summary of impulse responses under different scenarios 
using Krippner (2013) shadow policy rate

BG CZ DK EA HR HU PL RO SE UK US

lOObp increase in the ECB shadow policy rate (effect on activity)
12M -0.15 -0.22* -0.14 -0.21* -0.28* -0.19 -0.24* 0 -0.31* -0.19* -0.31*
18M -0.24 -0.35* -0.26 -0.34* -0.34* -0.37 -0.35* -0.08 -0.47* -0.25 -0.39*
24M -0.33 -0.44* -0.34 -0.38* -0.39* -0.48 -0.4* -0.14 -0.56* -0.29 -0.41*

lOObp increase in the ECB shadow policy rate (effect on prices)
12M -0.05 -0.04 -0.03* -0.03 -0.06 -0.11* 0 -0.07 -0.04 -0.01 -0.09*
18M -0.07 -0.08 -0.04* -0.04 -0.07 -0.12* -0.01 -0.11 -0.06 -0.03 -0.12*
24M -0.08 -0.09 -0.04* -0.04 -0.08 -0.12* -0.01 -0.14 -0.07 -0.03 -0.12*

lOObp increase iin the FED shadow policy rate (effect on activity)
12M -0.3* -0.37* -0.24* -0.3* -0.17 -0.38* -0.28 -0.13* -0.42* -0.18* -0.22*
18M -0.37* -0.47* -0.33* -0.38* -0.23* -0.49* -0.35 -0.19* -0.54* -0.22* -0.28*
24M -0.4* -0.52* -0.39* -0.41* -0.25* -0.56* -0.38 -0.22* -0.59* -0.25* -0.29*

lOObp increase in the FED shadow policy rate (effect on prices)
12M -0.08* -0.08* -0.03* -0.04* -0.06* -0.05* -0.02 -0.06* -0.05 -0.02 -0.08*
18M -0.1* -0.1* -0.04* -0.05* -0.07* -0.05* -0.03 -0.08* -0.07 -0.03 -0.09*
24M -0.09* -0.11* -0.04* -0.05* -0.07* -0.05* -0.03 -0.1* -0.07 -0.03 -0.09*

1% decrease in the euro area consumer prices (effect on prices)
0M -1.35* -0.38 -0.34* -1* -1.04* 0.01 0.05 -0.18 -0.52* 0.13 -0.13
6M -1.4* -0.73 -0.33* -0.91* -0.66* 0.48 0.13 -0.59 -0.51* 0.04 0.16
12M -0.91 -0.3 -0.08 -0.57* -0.12 0.98 0.43 -0.51 -0.07 0.37 0.94
18M -0.49 0.1 0.09 -0.32 0.28 1.19* 0.68 -0.22 0.3 0.62* 1.48
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Table A ll: Sum mary of impulse responses under different scenarios 
using Lombardi and Zhu (2014) shadow policy rate

BG CZ DK EA HR HU PL RO SE UK US

lOObp increase iin the FED shadow policy rate  (effect on activity)
12M -0.24 -0.41* -0.15 -0.36* -0.25 -0.39 -0.26 -0.17 -0.46 -0.16 -0.15
18M -0.28 -0.45 -0.21 -0.36 -0.27 -0.42 -0.29 -0.19 -0.5 -0.17 -0.16
24M -0.25 -0.4 -0.21 -0.32 -0.23 -0.38 -0.27 -0.16 -0.5 -0.15 -0.13

lOObp increase in the FED shadow policy rate  (effect onl prices)
12M -0.12* -0.1* -0.04* -0.05* -0.1* -0.1* -0.06* -0.07* -0.1* -0.03 -0.11*
18M -0.14* -0.14* -0.05 -0.07 -0.12* -0.11* -0.08* -0.09* -0.11* -0.04 -0.13*
24M -0.14* -0.15 -0.04 -0.07 -0.11 -0.1* -0.09 -0.1 -0.11* -0.04 -0.12

p <  0.05.

N otes: M represents m onths
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Chapter 5

Exchange Rate Pass-Through in an 
Emerging Market: The Case of the 
Czech Republic

Abstract
We examine exchange rate pass-through, or how domestic prices respond to 
exchange rate shocks, in the Czech Republic from 1998 to 2013 by employing 
vector autoregression models. Using the aggregate consumer price index and 
its sub-components, we find that the peak response occurs between 9 and 13 
months after the exchange rate shock. The average pass-through at the monetary 
policy horizon is approximately 20% at the aggregate level. Regarding the sub
components, the degree of pass-through is greatest for food prices.

The paper was co-authored with Roman Horvath and published in the Emerging Markets, Fi
nance and Trade [2016, 52(11), pp. 2624-2635]. We thank three anonymous referees for helpful 
comments. We acknowledge support from the Grant Agency of the Czech Republic 13-11983S. All 
opinions expressed here are those of the authors and do not represent the views of the Czech National 
Bank.
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5.1 Introduction

Because the Czech Republic has committed, by accepting the acquis communitaire, to 
adopting the common currency (the euro) at some future date, policymakers should 
consider the conditions that this transition requires. The rules that specify entry 
into the euro zone are known as the Maastricht criteria, and they cover several 
macroeconomic variables - inflation, the long-term interest rate, public deficit (and 
overall debt) and a country’s exchange rate. Specifically, the exchange rate criterion 
stipulates that the applicant’s currency must enter the Exchange Rate Mechanism-II 
and remain there for at least two consecutive years without devaluing the domestic 
currency or departing from central parity by more than 15% in absolute terms. In 
contrast, the inflation criterion stipulates that the applicant’s inflation must be no 
more than 1.5% higher than the average of inflation rates in the three EU member 
states with the lowest inflation.

Many new EU member states experience real exchange rate appreciation induced 
by their catching-up processes (Coricelli et al. 2006). In this light, it is important 
for the applicant country to strike an optimal balance between price stability and 
exchange rate stability, set in opposition by the two criteria mentioned above. There
fore, in this paper, we examine the relationship between exchange rates and prices, 
specifically exchange rate pass-through into domestic inflation.

Exchange rate pass-through analysis is also an important tool for the monetary 
policy authority to achieve price stability. The Czech National Bank (CNB) adopted 
inflation targeting in 1998. After a period of disinflation, it currently maintains 
a 2% inflation target. The Czech Republic is one of the most open countries in 
the world, and exchange rate shocks may play an important role there, especially 
for certain components of the consumer basket. For example, the Czech Republic 
was affected by a large negative external shock at the outset of the global financial 
crisis that translated into a prolonged period of recession followed by slow growth. 
Previous estimates of exchange rate pass-through have been based on data from 
the period before the financial crisis. The Czech Republic experienced solid growth 
during that period. Therefore, it is vital to assess whether the degree of exchange 
rate pass-through has changed. In addition, it is interesting to observe how different 
sub-components of the consumer basket react to exchange rate changes to pinpoint 
which prices are more vulnerable to exchange rate shocks.

Importantly, the CNB introduced foreign exchange interventions in early Novem
ber 2013 to reduce the risks of deflation and to achieve its inflation target. Unlike 
many other European countries, the Czech banking sector remained largely stable, 
liquid and well capitalized during the global financial crisis and did not receive gov
ernment support (CNB 2014). Therefore, the central bank could not support the 
domestic economy by injecting additional liquidity into commercial banks and had



5. Exchange Rate Pass-Through in an Emerging Market 97

to opt for other unconventional measures. The domestic currency weakened by ap
proximately 7% after this intervention, and the central bank announced that it would 
maintain a combination of inflation and exchange rate targeting at least until 20f6. 
Clearly, this policy is based on the assumption that there is non-zero exchange rate 
pass-through, and the effectiveness of this policy increases at higher leves of pass
through. Therefore, updated estimates of exchange rate pass-through are of clear 
relevance for central bankers.

Our results suggest that the average exchange rate pass-through in the Czech 
Republic is approximately 20% at the monetary policy horizon (1-2 years). The 
peak response occurs between 9 and 13 months after the exchange rate shock. We 
also find that food prices react most strongly to exchange rate shocks.

This paper is organized as follows. Section 5.2 discusses the related literature. 
Section 5.3 describes the data and introduces the econometric model. Section 5.4 
presents the results. Concluding remarks are offered in section 5.5.

5.2 Exchange Rate Pass-Through in Central and Eastern Eu
rope: Empirical Evidence

We provide a brief survey of existing studies that examine exchange rate pass-through 
in Central and Eastern Europe. We particularly focus on the Czech Republic. We 
refer the reader to Franta et al. (2011) for a quantitative survey (meta-analysis) of 
the exchange rate pass-through literature on transition economies. Useful surveys 
regarding exchange rate pass-through in Central and Eastern Europe (CEE) can be 
also found in Beirne and Bijsterbosch (2009) or Jimborean (2011). A survey of earlier 
studies is available in Menon (1995).

Focusing on the CEE countries, the prior literature finds that short-term exchange 
rate pass-through estimates are the lowest in the Czech Republic. The results for 
the Czech Republic are presented in Table A3. Korhonen and Wachtel (2006) find 
3, 6, 9 and 18% pass-through effects for the Czech Republic, Hungary, Poland and 
Slovakia, respectively. Maria-Dolores (2008) estimates the effect at 11% for the Czech 
Republic, 32% for Hungary, 12% for Poland and 31% for Slovakia. In contrast, more 
recent studies suggest a potential change in this pattern. Beirne and Bijsterbosch 
(2009) estimate somewhat higher effects for the Czech Republic (25%) and Poland 
(36%) and somewhat lower effects for Slovakia (18%) and Hungary (24 %). Jimborean 
(2011) finds the lowest value for Poland (1%), followed by more or less the same 
estimates for the Czech Republic (7%), Hungary (8%) and Slovakia (8%). According 
to these figures, it appears impossible to declare that one country has consistently 
lower pass-through levels than another. Interestingly, Mihaljek and Klau (2008) find
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that the pass-through in the Czech Republic increased from 6% (1994-2000) to 13% 
(1994-2006).

The results for the long-term exchange rate pass-through are also presented in 
Table A3. Although the estimates differ somewhat, the pass-through is clearly less 
than complete, and the typical figure is approximately 50%.

Our study is closely related to Babecka-Kucharcukova (2009). Babecka-Kucharcukova 
(2009) follows the McCarthy (2000) specifications within the vector autoregression 
(VAR) framework and applies them to data from the Czech Republic over the 1996- 
2006 period. In the short-term horizon, she finds that pass-through is incomplete and 
fast. The maximum effect of the exchange rate shock is attained after approximately 
6 months, and more than 50% of this effect occurs during the first 3 months. As 
expected, it is also confirmed that there is a substantial difference between the ef
fect on tradables and non-tradables (i.e., the effect on non-tradables is much smaller 
and almost insignificant). After 6 months, the effect is almost fully transmitted into 
domestic consumer prices, and the effect on aggregate CPI does not exceed 25%.

Franta et al. (2012) evaluate changes in the monetary transmission mechanism 
in 1996-2010 in the Czech Republic. Although it was no their primary concern, 
they find that exchange rate shocks produce long-lasting effects on prices and that 
there is little evidence of any changes in the nature of these price responses over 
time. Interestingly, Franta et al. (2012) do not confirm the trend of decreasing 
pass-through in the Czech Republic, as most of the previously published literature 
suggests. In addition to Mihaljek and Klau (2008) and Shioji (2014), this paper 
partially contradicts the common perception that pass-through is of a fading nature 
(Kara and Ogunc 2008). To a certain extent, Beirne and Bijsterbosch (2009) fall 
into this category of papers because they also find a somewhat higher degree of 
pass-through.

In summary, there are some differences in the estimated results due to the various 
methodologies and different periods used in the papers. Nevertheless, empirical evi
dence suggests that the pass-through in the Czech Republic is incomplete. However, 
it is increasingly disputable whether the pass-through is of a fading nature (Alvarez 
et al. 2012). More recent papers show that it might not be a coincidence that their 
results indicate higher pass-through. Our aim is to provide more recent estimates of 
exchange rate pass-through.

5.3 Empirical Methodology and Data

3.1 Vector autoregressions

We largely follow the previous literature and apply VAR models to examine the 
exchange rate pass-through in the Czech Republic. VAR models are well known.
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Therefore, we focus on discussing the important issues, such as the model specifi
cation and, particularly, the ordering of the variables. The impulse responses are 
identified using Choleski decomposition. As a result, the ordering of the variables 
matters.

We follow the ordering of the variables as in Babecka-Kucharcukova (2009), which 
corresponds to the distribution chain hypothesis, with variables approximating the 
supply and demand shocks placed before the distribution chain. This ordering is 
consistent with McCarthy (2007) and Ca’ Zorzi et al. (2007). Nevertheless, there are 
three differences of our approach compared to Babecka-Kucharcukova (2009). First, 
industrial production is used instead of GDP gap data because GDP gap data are 
provided only on a quarterly basis.1 Second, the unit labor costs variable is dropped 
from the estimation because it is not available on a monthly basis. Third, keeping 
in mind the choice of industrial production over GDP, the ordering is adjusted to 
correspond to Beirne and Bijsterbosch (2009), who also used industrial production 
to approximate demand shocks. Beirne and Bijsterbosch (2009) argue that this 
’adjusted’ ordering captures the functioning of the economy more realistically.

The VAR specifications (and the ordering of variables) that we estimate are pre
sented in Table A4. With the exception of specification f, McCarthy (2000) argues 
that shocks along the distribution chain can be thought of as changes in the pricing 
power and markups of firms. Finally, we assume that the conditional expectations in 
all specifications can be replaced by linear projections of the lags of all endogenous 
variables included in the system.

We conduct a number of relevant statistical tests to assess whether the econo
metric models are correctly specified. For instance, based on Table Af we confirm 
stability of our VAR models. Furthermore, we examine the optimal lag length using 
the Schwarz Information Criterion (SIC). Ivanov and Kilian (2005) suggest using the 
Schwarz Information Criterion (SIC) because it is the most accurate for small sam
ples. The SIC typically recommends two lags. In certain cases, the SIC recommends 
one lag, but when we only used one lag, there was autocorrelation in the residuals. 
Therefore, we use two lags in all specifications. Finally, we also introduce an exoge
nous dummy variable that equals 1 during the crisis (2007:8-onwards) and 0 before 
the crisis (1998:1-2007:7). The results remain largely unchanged and are available 
upon request.

Where are several methods for data transformation from quarterly to monthly data, such as the 
quadratic method of interpolation, but it is difficult to assess whether these interpolation methods 
capture the output dynamics well. In contrast, industrial production captures only a certain part of 
economic activity.
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3.2 Exchange rate pass-through definitions

We use the following definitions of exchange rate pass-through.2 The first is the peak 
exchange rate pass-through, which is defined as:

max {dpt+i}™0 
det

where pt and £t respresent the price index and exchange rate shock, respectively. 
Using this definition one is able to assess the maximum reaction of various price in
dexes to the identified exchange rate shock. The second measure is average exchange 
rate pass-through in k periods that is defined as:

¿ ( % r )

»=0
¿ ( ^ )

i=0
where St denots the exchange rate. The long-term exchange rate pass-through is 

given as:

l i m ^

3.3 Data

We use data from January 1998 to August 2013. Our starting date is motivated 
by the change in the monetary policy regime, as the Czech Republic abandoned the 
fixed exchange rate regime in 1997 and adopted inflation targeting in January 1998. 
We use four different consumer price indexes and their subcomponents: aggregate 
CPI (PC), tradables only (PC-TT), food only (PC-TF), and non-tradables excluding 
regulated prices (PC-NT). These data come from the Czech National Bank.

Next, we consider import and export price indexes and the EU aggregate CPI 
index. The sources of these data are the Czech Statistical Office and Eurostat. The 
3-month Prague InterBank Offered Rate (PRIBOR) is used to capture the short
term interest rate. The source is Eurostat. The nominal effective exchange rate3, 
producer prices and industrial production index come from International Financial 
Statistics published by the IMF. The industrial production data are seasonally ad
justed. Except for interest rates, the data are in logs. The descriptive statistics are 
available upon request.

2We are grateful to anynonymous referee for conversations regarding these definitions.
3The nominal effective exchange rate used in the estimation is defined according to the IMF 

definition of NEER.
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5.4 Results

We provide the estimates of exchange rate pass-through in this section. As we have 
11 different model specifications and 4 different consumer price indexes, 44 different 
VAR models have been estimated. We present them in a concise manner, results are 
available upon request in greater detail.

5.4.1 Aggregate consumer prices

Figure 5.1 depicts the peak impulse responses of aggregate CPI to a 1% exchange rate 
shock. According to our results, the peak impulse response declined somewhat from 
6%-7%, the figure reported by Babecka-Kucharcukova (2009), to 3%-4% on average. 
Babecka-Kucharcukova (2009) used data from 1996 to 2006, whereas we use more 
recent data from 1998-2013. Interestingly, the peak occurs between 8 to 11 months 
after the exchange rate shock, which is quite different from the findings of Babecka- 
Kucharcukova (2009), who report that the peak occurred approximately 2 months 
after the shock. This finding indicates that once we include the more recent data 
that cover the current global financial crisis, the rate of exchange rate pass-through 
is slower.

Figure 5.1: Peak impulse response of consumer prices to a 1% ex
change rate shock
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Notes: The numbers from 1 to 11 on the horizontal axis denote the specification number as defined in Table 
A4. The peak impulse response is presented with 95% confidence bands.

We present the average exchange rate pass-through in Table 5.1. The results sug
gest that the average pass-through is close to 20%. Although we use different defini-
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tion of exchange rate pass-through than Babecka-Kucharcukova (2009), it can be said 
that our results are broadly consistent with the estimates of Babecka-Kucharcukova 
(2009). She finds that the exchange rate pass-through is approximately 25% 6 quar
ters after a shock.

We also perform variance decompositions and find that exchange rate fluctuations 
explain approximately 20% of variation in the aggregate prices on average (consider
ing a horizon of two years). Finally, we assess the performance of our VAR models by 
comparing their (pseudo out-of-sample) forecasting ability vis-a-vis a random walk. 
Using our VAR models and a random walk, we forecast the aggregate prices three 
months ahead and examine the forecasting performance by calculating the root mean 
square error. We present our results in A2. Of our 11 specifications, 9 outperformed 
the random walk (in many instances considerably). The forecasts obtained from 2 
specifications are marginally less accurate than a random walk. Overall, these results 
suggest that our VAR models have reasonable forecasting performance.

5.4.2 Tradables

We examine the various elements of the consumer basket in greater detail. Figure
5.2 provides the estimates for the peak response for tradable prices. We find that 
the peak response is only 1%, and it occurs approximately 4 or 5 months after 
the shock. This finding suggests that the dynamics are substantially faster than in 
the case of aggregate CPI, although they are not as fast as those found by Babecka- 
Kucharcukova (2009). The corresponding effect estimated by Babecka-Kucharcukova 
(2009) was approximately 8% on average, with a peak in the 2nd month.

Table 5.1: Average exchange rate pass-through: Consumer prices

Model 0-6 months 0-12 months 0-18 months 0-24 months 0-60 months

1 0.00 0.04 0.08 0.11 0.18
2 0.02 0.08 0.12 0.13 0.08
3 0.03 0.09 0.15 0.18 0.17
4 0.03 0.10 0.16 0.17 0.16
5 0.02 0.08 0.12 0.14 0.11
6 0.06 0.14 0.19 0.21 0.19
7 0.06 0.15 0.22 0.27 0.27
8 0.06 0.15 0.21 0.24 0.27
9 0.04 0.13 0.19 0.22 0.19
10 0.04 0.12 0.17 0.20 0.23
11 0.03 0.09 0.13 0.13 0.05

Average 0.03 0.11 0.16 0.18 0.17
N otes: T he num bers from  1 to  11 on th e  vertical axis denote th e  specification num ber as defined in Table 
A4.
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Figure 5.2: Impulse response of consumer prices to 1% exchange rate 
shock
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Notes: The numbers from 1 to 11 on the horizontal axis denote the specification number as defined in Table 
A4. The peak impulse response is presented with 95% confidence bands.

Table 5.2: Average exchange rate pass-through: Tradables

Model 0-6 months 0-12 months 0-18 months 0-24 months 0-60 months

1 0.01 0.01 0.02 0.02 0.02
2 0.01 0.02 0.02 0.02 0.02
3 0.01 0.02 0.02 0.02 0.02
4 0.01 0.02 0.02 0.02 0.02
5 0.01 0.02 0.02 0.02 0.02
6 0.02 0.03 0.03 0.03 0.03
7 0.02 0.03 0.03 0.03 0.03
8 0.02 0.03 0.03 0.03 0.03
9 0.02 0.03 0.03 0.03 0.03
10 0.02 0.02 0.03 0.03 0.03
11 0.01 0.02 0.03 0.03 0.03

Average 0.01 0.02 0.02 0.02 0.02
Notes: The numbers from 1 to 11 on the vertical axis denote the specification number as defined in Table
A4.

Table 5.2 presents the results for the average exchange rate pass-through for 
tradable prices. We find that most of the shock is transmitted during the first 12 
months, reaching approximately 2% on average. Interestingly, we find that the pass
through to tradables is lower than in the case of aggregate CPI. Clearly, this finding is 
somewhat surprising, but it may be partly due to aggregation bias (Granger 1980).
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An alternative explanation is that idiosyncratic shocks tend to cancel out when a 
substantial number of price series are aggregated (Altissimo et ah 2009). This pattern 
is also observed for Czech inflation data (Babecky et ah 2009). Babecky et al. (2009) 
find that inflation is more persistent when estimated at the aggregate level than when 
estimated using its underlying components.

5.4.3 Tradables (Food Only)

Figure 5.3 presents the estimated short-term peak impulse responses. The peak 
response occurs 9 or 10 months after an exchange rate shock. The peak is approx
imately 9% on average. Although the peak of 9% is largely in line with Babecka- 
Kucharcukova (2009), from her sample, she estimated the peak to have already oc
curred around the second month after the shock.

Figure 5.3: Peak impulse response of food prices to a 1% exchange 
rate shock
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Notes: The numbers from 1 to 11 on the horizontal axis denote the specification number as defined in Table 
A4. The peak impulse response is presented with 95% confidence bands.

Although we find that exchange rate shocks transmit to food prices rather slowly, 
the pass-through is strong for this category. The results in Table 5.3 suggest that 
within 12-24 months, the average exchange rate pass-through is nearly 50% for food 
prices. This finding contrasts with the previous findings of Babecka-Kucharcukova 
(2009), who suggests that approximately 25% of an exchange rate change transmits 
into food prices.
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Table 5.3: Average exchange rate pass-through: Food prices

Model 0-6 months 0-12 months 0-18 months 0-24 months 0-60 months

1 0.03 0.13 0.22 0.29 0.44
2 0.09 0.25 0.38 0.41 0.35
3 0.11 0.28 0.42 0.48 0.47
4 0.11 0.28 0.41 0.45 0.43
5 0.10 0.26 0.39 0.43 0.30
6 0.13 0.31 0.43 0.47 0.36
7 0.13 0.34 0.52 0.65 0.74
8 0.12 0.33 0.48 0.58 0.66
9 0.12 0.33 0.50 0.63 0.70
10 0.12 0.32 0.46 0.56 0.66
11 0.10 0.28 0.45 0.54 0.43

Average 0.10 0.28 0.42 0.50 0.50
N otes: T he num bers from  1 to  11 on th e  vertical axis denote th e  specification num ber as defined in Table 
A4.

5.4.4 Non-tradables

We estimate the peak response of non-tradables to be approximately 2%, which 
corresponds to the previous estimates of Babecka-Kucharcukova (2009). According 
to the results depicted in Figure 5.4, the response is not statistically significant 
at conventional levels. The estimated average exchange rate pass-through varies 
substantially across model specifications; see Table 5.4.

Table 5.4: Average exchange rate pass-through: Non-tradables

Model 0-6 months 0-12 months 0-18 months 0-24 months 0-60 months

1 -0.01 -0.01 0.00 0.00 0.02
2 0.00 0.02 0.05 0.06 0.06
3 0.00 0.03 0.05 0.07 0.07
4 0.00 0.02 0.03 0.04 0.02
5 -0.01 0.00 0.01 0.01 0.02
6 0.03 0.08 0.12 0.15 0.16
7 0.04 0.13 0.23 0.33 0.73
8 0.03 0.08 0.14 0.19 0.34
9 0.03 0.12 0.21 0.31 0.64
10 0.03 0.09 0.15 0.20 0.34
11 0.00 0.02 0.04 0.07 0.13

Average 0.01 0.05 0.09 0.13 0.23
N otes: T he num bers from  1 to  11 on th e  vertical axis denote th e  specification num ber as defined in Table 
A4.
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Figure 5.4: Peak impulse response of non-tradable prices to a 1% 
exchange rate
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Notes: The numbers from 1 to 11 on the horizontal axis denote the specification number as defined in Table 
A4. The peak impulse response is presented with 95% confidence bands.

5.4.5 Policy Implications

We discuss our results in the context of the recently introduced Czech National 
Bank policy (introduced in early November 2013), which uses the exchange rate as 
an additional instrument to ease monetary conditions. The central bank commits 
itself to preventing the Czech currency from appreciating below 27 CZK/EUR. It 
operationalizes its commitment as ’forward guidance’ given the bank’s announcement 
that it will maintain this policy of a weakened currency at least until mid-2016. The 
CNB adopted this policy to maintain price stability, as defined by its 2% inflation 
target. Coping with global financial crisis, the CNB decreased its main monetary 
policy rate to effectively zero, while deflationary risks remained (the current inflation 
rate was approximately 1%, but the central bank’s forecast indicated that it would 
further decline to zero in the absence of intervention). Seeking an alternative policy 
instrument in a small open economy characterized by a well-capitalized and liquid 
banking sector, the CNB introduced the exchange rate as this additional instrument. 
In early November 2013, the CNB heavily intervened in the foreign exchange market 
for several days, depreciating the currency from 25.7 EUR/CZK to more than 27 
EUR/CZK. Therefore, the domestic currency depreciated by approximately 7%. The 
domestic currency fluctuated around a value of 27.5 CZK/EUR thereafter without 
requiring further foreign exchange interventions. The details regarding the Czech 
National Bank’s exchange rate policy are available in CNB (2013).
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According to our results, a 1% exchange rate depreciation shock is associated with 
an approximately 0.2% increase in aggregate prices at the monetary policy horizon. 
As a consequence, weakening the currency by 7% could contribute to inflation by 
some 1.4%, other things being held constant. This is interesting to compare to the 
official CNB estimates. The CNB uses input-output tables for the Czech economy to 
assess the impact of exchange rate depreciation (see their Inflation Report 1/2014, 
box 1, on pages 13-14) and provides estimates that the direct (short-term) effect 
of a 5% depreciation on prices is 1.2%, while the long-term effect is 1.6%. As a 
result, the CNB estimates for 7% depreciation are 1.7% in the short-term and 2.3% 
in the long-term. While the short-term CNB estimates are broadly consistent with 
those that we find, the long-term estimates are higher. Importantly, both methods 
imply that the effect of exchange rate depreciation is economically significant. This 
finding suggests that if the exchange rate were to remain at the level preferred by the 
CNB, it would substantially reduce deflationary risks. Some additional discussions 
on the major factors that may have worked against the intended effect of the nominal 
exchange rate floor are provided in Skorepa et al. (2016).

5.5 Concluding Remarks

We estimate exchange rate pass-through in the Czech Republic in the 1998-2013 
period. We use aggregate consumer prices and their sub-components to analyze 
whether exchange rate shocks influence different components of the consumer basket 
differently.

In line with the survey by Franta et al. (2011), we find that the average exchange 
rate pass-through at the monetary policy horizon (e.g. 1-2 years after the shock) is 
not complete; that is, an exchange rate shock does not fully translate into prices. 
Specifically, we find that the average exchange rate passthrough for aggregate prices 
is approximately 20%. This broadly corresponds to the previous finding using the 
Czech data. For example, using a similar econometric framework and Czech data, 
Babecka-Kucharcukova (2009) estimates the long-term exchange rate pass-through to 
be approximately 25%. On the other hand, Babecka-Kucharcukova (2009) finds that 
the peak response of prices to exchange rate shock occurs approximately 2 months 
after the shock. In contrast, our findings based on more recent data indicate slower 
exchange rate pass-through with a peak occurring approximately one year after the 
shock.

In terms of policy implications, our results suggest that the foreign exchange 
policy of weak currency adopted in late 2013 by the Czech National Bank may have 
effectively reduced the risks of deflation given our estimate of average pass-through 
and the size of exchange rate devaluation.

In terms of further research, we believe it would be worthwhile to analyze ex-
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change rate pass-through in the Central and Eastern European countries at the disag
gregate level to quantify the extent of aggregation bias (Granger 1980). Furthermore, 
it would be interesting to determine whether there are asymmetries in exchange rate 
pass-through. Specifically, prices may be sticky downward; therefore, the extent and 
the speed of the reaction to exchange rate shocks may differ depending on whether 
the exchange rate depreciates or appreciates. Finally, it may be interesting to em
ploy time-varying vector autoregression models (or time-varying parameter models 
in general) to assess the potential changes in exchange rate pass-through in a more 
coherent framework.
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5.A Appendix

Table Al: VAR Stability

Model PC PC-TT PC-TF PC-NT

1 0.9384 0.9280 0.9438 0.9332
2 0.9438 0.9477 0.9452 0.9533
3 0.9147 0.9250 0.9235 0.9508
4 0.9156 0.9225 0.9193 0.9219
5 0.9312 0.8803 0.9297 0.8814
6 0.9769 0.9746 0.9658 0.9818
7 0.9271 0.9045 0.9354 0.9495
8 0.8534 0.8402 0.8784 0.9437
9 0.9297 0.9139 0.9353 0.9441
10 0.8745 0.8180 0.8642 0.9448
11 0.9308 0.9097 0.9296 0.9279

N otes: PC  - aggregate C PI, P C -T T  - consum er prices for tradab les, P C -T F  - consum er prices for food only, 
PC -N T  - consum er prices for non-tradables. Figures represent th e  m odulus of th e  roo t closest to  th e  unit 
circle boundary.

Table A2: Forecasting ability of VAR specifications: comparison with 
random walk

Model RMSE (Model) RMSE (Random walk) Ratio

1 0.0034 0.0032 1.0530
2 0.0019 0.0032 0.6057
3 0.0016 0.0032 0.5040
4 0.0023 0.0032 0.7158
5 0.0020 0.0032 0.6336
6 0.0028 0.0032 0.8784
7 0.0030 0.0032 0.9402
8 0.0029 0.0032 0.9211
9 0.0025 0.0032 0.7833
10 0.0015 0.0032 0.4601
11 0.0034 0.0032 1.0597

N otes: T he forecast of aggregate C PI perform ed for th e  period betw een M ay 2013 and  A ugust 2013. Fore
casting  ability  m easured using th e  roo t m ean squared error (RM SE) of our m odels vis-a-vis a  random  walk. 
A value in th e last colum n sm aller th a n  1 indicates th a t  th e  RM SE is lower when our m odels are used instead 
of a  random  walk.



Table A3: The exchange rate pass-through estimates for the Czech 
Republic

Author Estimation method Period Frequency Short-term ERPT Long-term ERPT

Babecka-Kucharcukova (2009)* VAR 1996-2006 (m) 0.10 0.25
Babecka-Kucharcukova (2009) VECM 1996-2006 (m) - <0.30
Beirne and Bijsterbosch (2009) VECM 1998-2008 (m) 0.25 0.51
Bitans (2004) VAR 1993-1997 (m) 0.21 -
Bitans (2004) VAR 1998-2003 (m) 0.13 -
Ca’ Zorzi et al. (2007) VAR 1993-2004 (q) - 0.61
Campa and Goldberg (2005)** OLS N/A-2003 (q) 0.38 0.60
Coricelli et al. (2006) VECM 1993-2002 (q) - 0.46
Darvas (2001) TVC-VAR 1993-2000 (q) 0.10 0.15
Egert and MacDonald (2006)* N/A 1993-N/A N/A 0.10 0.23
Egert and MacDonald (2006)*** N/A 1993-N/A N/A 0.34 0.65
Jimborean (2011) VAR 1996-2006 (q) 0.07 -
Korhonen and Wachtel (2006) VAR 1999-2004 (m) 0.03 -
Maria-Dolores (2008) OLS 2000-2006 (q) 0.11 -
Mihaljek and Klau (2001) OLS 1994-2000 (q) 0.06 -
Mihaljek and Klau (2008)*** OLS 1994-2006 (q) 0.13 -
Vonnak (2010)* VAR 1998-N/A (m) 0.20 -

Average of th e  estim ated  m odels. Effect re la ted  to  im port prices only. Effect afte r controlling for th e  strong  tren d  apprecia tion  of CZK.

N otes: N /A : not available. TVC-VAR: T im e-varying coin tegrated  VAR. M ost of th e  au th o rs  used th e  effective exchange ra te . M ihaljek and K lau (2001) used b ila tera l exchange 
ra tes. D arvas (2001) excluded food, energy and  adm in istra ted  prices from  th e  aggregated price index. S hort-run  pass-through represents e ither th e  peak  im pulse response or 
th e  value a fte r th e  shortest period available in th e  papers (e.g., pass-through afte r 3 m onths). Long-run pass-th rough  represents th e  to ta l  am ount to  be tran sm itted .
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Table A4: Estimated VAR specifications

Model Endogeneous variables Exogeneous variables

1 s pm px py pc
2 pm ml s ip pmn~ml py pc
3 s ip pmn~ml py pc pm ml
4 s ip pmn~ml py pc pm ml i
5 s ip pmn~ml pc pm ml i
6 s ip PC pcEU
7 s pm pc pcEU
8 s PC pcEU
9 pm ml s pc pcEU
10 s pc pcEU pm ml
11 s ip pm pc

N otes: s - exchange ra te , pm  - im port prices, px - export prices, py - p roducer prices, pc - consum er p r i c e s , i m p o r t  prices (oil only), ip - industria l p ro d u c tio n ,p m n ozl 
im port prices (all item s except oil), i - in terest ra te , pcEU- euro a rea  consum er prices.
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Appendix A

Response to Referees

Acknowledgement
I am grateful to all the referees for their comments and useful suggestions in 
their referee reports and believe these helped me to improve the dissertation. 
The main comments by the referees are typeset in roman; my response is in 
italics.



A. Response to Referees

A .l Prof. Christopher Hartwell Ph.D.

This series of essays given as a dissertation is interesting, in many parts it is novel, 
and has already demonstrated its abilities for publication. As with other dissertations 
that I have seen through IES, the fact that students have already published chapters 
makes it difficult to objectively comment on the suitability for publication of the 
results, as this decision has already been made for me. Given this reality, I have 
chosen to concentrate my comments on the introduction and unpublished paper, 
with relatively less comments directed towards the papers which have already passed 
through peer review.

... Beyond this first paper, I have little to add for already-published papers. 
Chapter 3 on spillover effects of the euro area was, in my mind, the best part of the 
dissertation and really represented an advance. Chapter 4 was also a very interesting 
read in a criminally-underexamined area, and I hope that the author continues his 
research along these lines (we need more evidence in this area). Finally, Chapter 5 is 
interesting albeit a bit narrow, defensible as a country case study and example of the 
author’s prowess in econometrics but not of general relevance. Regardless, I found it 
quite interesting.

In conclusion, this thesis is defensible on the back of the published papers, but 
the introduction and first substantive paper need additional work to bring them up 
to acceptable standards. I would thus say that the thesis can be defended after 
the revisions indicated in my comments above. As they are not expansive and do 
not threaten the core of the paper, I do not think they are undue in terms of their 
expectations and the work required is not overwhelming...

I  would like to thank Christopher Hartwell for his kind words and very thoughtful 
referee report.

1. As a general comment, throughout the dissertation there are minor errors in 
English, typical of a native Slavic-language speaker. These should be cleaned 
up (and are most prevalent in the unpublished parts of the dissertation). They 
are minor, however, and for the most part do not detract from the overall 
presentation. There are also a few uses of casual language (e.g. ”as far as I am 
concerned,” p. 3) which need to be reformulated.

This point is well acknowledged. I  would like to reassure an additional effort 
was made to get rid of these minor language errors and language was revised on 
a best effort basis. However, please note this is not a full proof-reading service. 
I  would like to stress that Chapter 2 is expected to receive a full proof-reading 
service once the submitted paper is closer to a publication.

2. Turning to substantive matters, in the first instance, the overall dissertation
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does provide original contributions (again as evidenced by the author’s success 
in placing the papers). Given the original contribution of this body of work, 
however, it would have perhaps been more effective to have the first chapter set 
the stage a bit better. There was much to commend in the opening chapter and 
I especially like how the author equates the setting of the euro area to a source 
of instability. However, this is not really the topic which is explored in the first 
paper, as it tackles exchange misalignments and not volatility (exchange rate 
or otherwise). In fact, I would think that examining instability related to the 
euro area would be incredibly interesting, but the extent of misalignments really 
doesn’t capture instability, it captures deeper structural issues related to these 
economies and perhaps to their currencies (and currency markets) in general. In 
addition, the author then tries to perform a linkage on how RER overvaluation 
might affect the economies of the countries affected - thus keeping it in line with 
the title of Chapter 1 - but I find the linkage unconvincing. It would be better 
if there was an explicit link drawn early on between the euro, its effect on RER 
movements, and the real economy, and why policymakers should actually be 
concerned. Mongelli and Wyplosz (2008) offer some theoretical guidance here, 
but this framework needs to be carried into this current examination, to set 
the stage for why we should care about exchange rate misalignments. It also 
helps to tie together the dissertation better, as you do explicitly address this 
topic in the two chapters on spillovers.

Many thanks for all suggestions to improve the readability of the opening chapter 
as well as to set the stage a bit better. The framework of Mongelli and Wyplosz 
(2008) was carried into Chapter 1 and also to Section 2.1 in line with your 
suggestions.

3. Beyond this point about creating a suitable framework, there were only a few 
other questions/comments I had on the introduction. I was wondering why 
the focus on exchange rate misalignments was almost exclusively on time-series 
modeling and in particular in the use of various VARs, which are highly athe- 
oretical and (as the author notes) have difficulties in interpretation. I do like 
that the author has justified their choice of the GVAR - and I am by no means 
asking the author to justify the use of VARs in general in a vast literature - 
but it would be good to get a sense of the author’s concern more with shocks 
than underlying relations. The author does a fairly good job of making these 
points but needs to be more explicit on the choice of GVAR and the variables 
of interest in the introduction (to be fair, the author does make it clear in the 
constituent chapters).

Thank you for this point. The focus on various VARs in the last paper reflects
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the early period of my doctoral studies before turning to GVAR-based estima
tions. Despite some limitations (which I  mention in the opening chapter), I  find 
the VAR still a valuable and useful benchmarking methodology if close attention 
is paid to the identification strategy. Such careful approach was adopted in the 
last chapter and I  made these points more explicit in the Section 1. I  also pro
vide extended information about the other parts of the dissertation (e.g. choice 
of GVAR and the variables of interest, perspective to modelling connectivity, 
etc.).

4. This segues into the first substantive paper, which I believe is interesting but 
still unpolished. The issue with linking RER misalignment to the real economy 
needs to be resolved here at an early stage, again in a more explicit manner 
than the author has done already. Similarly, the BEER framework is one that 
I am unfamiliar with and, unfortunately, after reading this paper I still can 
say I do not have a wonderful grasp of it. It would have been better if the 
author defined the pros and cons of the BEER better, why it was useful in this 
context vis a vis alternatives, and what the mechanics were of it in the Clark 
and MacDonald and Alberola pieces.

Thank you, this point is well received. A new subsection has been added to 
Section 2.2 and aims at addressing this information gap by firstly summarizing 
the FEER approach and then introducing the BEER approach also by shedding 
some light on the similarities and differences between the two approaches.

5. The reduced form approach used in the paper for comparing REER versus 
BEER also leaves me wondering somewhat, given that it’s based on papers 
that are now over a decade old. I understand that one of the key variables in 
determining the REER is problematic in the euro area, namely money supply 
(see, for example, Kia 2013). However, given that the time-series stretches back 
to 1980, perhaps fashioning a specification which incorporates money supply 
pre-euro would help to better calibrate the reasons for misalignment post-euro? 
I think the importance of money in this specification needs to be explicitly 
included rather than subsumed in a country fixed-effect.

This is an excellent suggestion. Indeed, supply of money is important variable 
which we omitted initially. To follow up, we include it in our specification and 
when doing so, we adopt the perspective of Kia (2013) that a higher supply of 
money results in a lower real exchange rate over the long run since a higher 
money supply could cause a higher price over the long run. Ts for definition of 
the money supply variable, we follow a broad concept of money (i.e. M3, which 
is defined as sum of currency and deposits, certificates of deposit and securities 
repurchase agreements, travelers checks, commercial papers, shares of mutual



A. Response to Referees V

funds or market funds held by residents) to reflect the EC B’s first pillar. Data 
for all countries in our sample was retrieved from the Federal Reserve Bank of 
St. Louis. Turning to the estimated elasticities, it seems that increasing money 
supply by 10 percent results in a real exchange rate depreciation of 0.4 percent. 
Sections 2.1-2.5 are amended accordingly.

6. Perhaps my knowledge of the effects of REER are not what they used to be, 
but the author says that ”a trade surplus leads to a real depreciation” (p. 12). 
Isn’t it the other way around?

It is a fair point and we acknowledge including a trade balance variable in 
equation with real exchange rate might be quite problematic, given there is no 
mechanical connection between these two variables, necessarily. However, when 
forming expectations regarding trade balance and its effect on real exchange rate, 
we use the following argument linking net foreign assets, trade balance and 
real exchange rate, as introduced in Lane and Milesi-Ferretti (2002): a positive 
steady-state net external asset position enables a country to run persistent trade 
deficits; in turn, all else equal, the capability to sustain a negative net export 
balance in equilibrium is associated with an appreciated real exchange rate. This 
is now mentioned in Section 2.2.

7. I am familiar with the use of FMOLS and DOLS and aware of the shortcom
ings of the two approaches relative to each other. That being said, it would 
have been much better to have used both in order to let the reader judge the 
robustness of the results.

Again, a well-aimed point, thank you. Although DOLS has the best small- 
sample properties and is robust compared to standard OLS and FMOLS (Zhang 
and MacDonald, 2014), we use not only DOLS as proposed by Kao and Chiang 
(2001) but also FMOLS as proposed by Hansen (1992) to strengthen the results 
and improve their credibility. Agaisnt this backdrop, we conclude FMOLS- 
based estimates are consistent with those generated by DOLS estimation. To 
follow up on the constructed point, we decided to rethink visualisation of the real 
exchange rate misalignment and replace a simple curve (based on DOLS) per 
each country by shaded area between the curve based on DOLS and the curve 
based on FMOLS. This should represent more credible space where we expect 
the misalignment should be in per each country (regardless of the econometric 
method chosen). Updated coefficients and charts are now presented in Section 
2.4.

8. The author also harkens back to Lane and Milesi-Ferretti (2002) to talk about 
the sensitivity of exchange rates to fundamentals in countries - why are these
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not included in the reduced-form equation? Again, they are more important 
than being lumped together in a fixed effect.

Thank you for this point. There is always a trade-off between number of vari
ables and econometric setup, as a degree of freedom is lost with every new 
predictor variable (with no change in sample size). For this reason, we choose 
rather a smaller set of explanatory variables. At the same time, we aim at 
accounting for the most important types of dissimilarities that should be taken 
into consideration when analyzing determinants of medium-term real exchange 
rate (RER) changes and in Section 2.2 we provide an extended discussion be
hind variables included. However, to account for your suggestion on inclusion 
of money supply (point made earlier), we decided to incorporate this variable 
as it might indeed have significant bearing on the resulting estimates.

9. On p. 17, the author actually notes that there are only minor deviations from 
the Coudert et al. (2013) paper’s modelling approach - where then is the 
novelty in this paper? It needs to be brought forth more.

This is a valid remark. Perhaps, the language used on p. 17 was not cho
sen appropriately. I  included a reference to a Coudert et al. (2013) paper to 
highlight similarity in the concept (i.e. BEER), econometric method used (i.e. 
DOTS), though there are significant differences spanning from underlying data 
selection to definition of cointegrating relationship. More specifically, the value 
added over this contribution can be identified in several areas. Firstly, we use a 
link between real exchange rate and trade balance, while they link real exchange 
rate to net foreign assets. Secondly (and based on your suggestion), we include 
money supply in our specification, this is largely based on theoretical consider
ations but as opposed to other papers (e.g. Kia, 2013), we find also significant 
cointegrating links between this variable, real exchange rate and other explana
tory variables. Thirdly, we include data from the period of the global financial 
crisis and even more importantly given the study’s focus, the subsequent euro 
area sovereign debt crisis. Fourthly, the calculated misalignment is presented as 
a shaded area which is derived from two estimations with different econometric 
underpinnings. And lastly, we also explicitly mention the differences between 
FEER and BEER approaches and we extensively discuss variables selected also 
touching upon important policy aspects (e.g. globalisation and its effect on real 
exchange rate in the euro area). These points are now made more explicit in 
Section 2.1.

10. I find the use of a dummy for 2009 for the crisis to be wrong (and not checked 
in any sensitivity analysis). The global financial crisis was in full swing by 2008 
and the euro crisis erupted in 2010. Why was 2009 used instead of these years?
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Although we agree with this point in general, we would like to mention that 
identifying an exact date of a full crisis presence is difficult task enough and 
finding some consensus on this topic both in academia or world of policymakers 
is even harder (e.g. see NBER researchers - Klapper and Love (2011) - who 
treat 2009 as a crisis year instead of 2008). Since our ambition is not to identify 
an exact date of a full crisis presence, we do not pay a particular attention to 
this subject. At the same time, the point on reconsidering inclusion of the euro 
area debt crisis (which erupted in 2010 and lasted until 2013) is well-placed 
given the focus of our study. To accommodate the suggested point on definition 
of the CRISIS dummy, we use two periods when the CRISIS dummy is equal 
to 1: the first covers period of 2008-2013, the second covers period of 2009- 
2013. Both variables are, however, not statistically significant and based on 
these grounds the potential structural breaks are not explored any further. This 
is now mentioned in Section 2.3.

A.2 Doc. Ing. Svatopluk Kapounek Ph.D.

The thesis analyses the impact of monetary policy in the euro area in the years 1980- 
2016. The issue is well introduced and explained in the beginning of the thesis. The 
author also tries to point out how the thesis contributes to the existing literature. 
He also finds the appropriate link between the all ports of the thesis very well.

One large contribution of the thesis is employing GVAR approach that allows 
analysing the transmission of shocks and spillover effects among heterogeneous Eu
ropean countries. The author identifies several imbalances between the European 
countries caused by relative productivity, inflation differentials.

Moreover, the thesis uses several new and innovative approaches. Especially 
the measures of shadow monetary policy rate and empirical analysis of different 
effects of conventional and unconventional measures. It provides also reasonable and 
contributive policy implications, especially G(VAR) on the Czech economy after the 
CZK devaluation in 2013.

The thesis consists in 4 papers, also 3 of them have been already published in the 
international journal. Therefore, I feel to be very limited to criticize the result of edi
torial work and referee process of these journals. However, there are few possibilities 
to improve the robustness of the results and contribution.

... Summarily, the thesis presented by Jan Hajek is well motivated and highly 
relevant to the economic policy. He also convincingly proved his ability to conduct 
competitive research in the area of monetary policy employing modern econometric 
techniques and appropriate theoretical background.

The thesis is fully in accordance with formal requirements, the language used is 
appropriate and consistent with international scientific standards. The author cites
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the literature correctly in the text as well as in the reference lists. This confirms that 
the author is familiar with up-to-date literature and able to work on the high-level 
research tasks in the field.

I am sure that the thesis presented by Jan Hajek work fulfils the requirements for 
a PhD thesis at respected international universities. Correspondingly, I recommend 
the thesis for a defense without substantial changes. However, the author should 
discuss several questions I specified by the first and the second paper.

I  would like to thank Svatopluk Kapounek for his kind words and very thoughtful 
referee report.

f. The first paper employs FMOLS approach to estimate parameters of the real 
effective exchange rate. This approach is widely agreed to be used for the 
long-run equilibrium identification, especially because it uses non-parametrical 
correction of the endogeneity and serial correlation to the OLS estimator. I 

really applaud knowledges of the student and expect that he has appropriate 
technical skills to employ variety of econometric approaches. Therefore I am 
surprised why he didn’t employ additional estimators in robustness check (e.g. 
DOLS). Moreover, the economic theory assumes sector differences. I believe 
that deeper analysis and comparison of inter-group and intra-group elasticities 
(employing group-mean panel FMOLS) will increase contribution of the paper. 
Especially if it is not yet published in any journal.

Thank you for your words and I  find this as a well constructed point - de
spite minor factual error (as DOLS was chosen over FMOLS, originally). The 
original choice on econometric method reflected the contribution of Zhang and 
MacDonald (2014) who suggest DOLS has the best small-sample properties and 
is robust in comparison with FMOLS. Despite this (and more in line with a 
general message in your suggestion), we complement the use of DOLS with a 
pooled (weighted) FMOLS to strengthen the results and improve their credibility. 
Against this backdrop, we conclude FMOLS-based estimates are consistent with 
those generated by DOLS estimation. To follow up even further, we decided to 
rethink visualisation of the real exchange rate misalignment and replace a sim
ple curve (based on DOLS) per each country by shaded area between the curve 
based on DOLS and the curve based on FMOLS. This should represent more 
credible space where we expect the misalignment should be in per each country 
(regardless of the econometric method chosen). Updated coefficients and charts 
are now presented in Section 2.4- Hs for the additional point on group-mean 
panel FMOLS, this version of FMOLS was also tried out during estimation. 
While the coefficients for the first three explanatory variables (e.g. PROD, TB, 
TOT) remain largely similar when compared to pooled (weighted) FMOLS, the
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new variable added to our set o f determinants - money supply - was found to be 
statistically insignificant in the group-mean version. To ensure comparability 
with DOLS estimation (which entails this additional variable) and allow for 
a new visual outlet (e.g. shaded area where the misalignment should be), we 
decided to stick to pooled (weighted) FMOLS. The resulting coefficients based 
on group-mean FMOLS are not reported in the dissertation but are available 
upon request. The point on importance of differences across sectors is though 
reiterated as further research avenue in Section 2.5.

2. The robustness analysis considers dummy variables which represents shocks 
caused especially by the financial crisis. I am little bit surprised that time 
dummies are not involved in the main model and would be careful with the 
statement that significance of dummies suggests the results to be stable and 
robust. The economic intuition and policy implication is appropriate, even 
though I don’t believe in the effects of inflationary differential after the financial 
crisis.

This is a fair point, overall. However, please note the time dummies in our 
application are used only as a robustness check. This approach to the use of 
time dummies is similar as in the cited literature (e.g. papers in Sections 2.1, 
2.2 and 2.4). At the same time, the point on caution is acknowledged and text 
in Section 2.4 is softened, accordingly. Mentioned scepticism with regard to 
the effects of inflationairy differentials after the financial crisis is noted and in 
reaction the text in Section 2.4 is toned down. Specifically, we mention that the 
presented policy implications are based only on anecdotal evidence and should 
be treated with due care. Perhaps even more importantly, to reinforce growth 
in these countries and make it more inclusive, other policies (such as fiscal or 
strucutural) must do their part. In this context, we include the reference to Fi- 
dora et al (2018) who find significant empirical evidence that an improvement in 
various dimensions of domestic regulation and institutions favours the correc
tion process because it removes structural rigidities and hence, can compensate 
(to some extent) for the loss of the nominal adjustment channel.

3. The second paper presents traditional GVAR macroeconomic model, devel
oped by Pesaran, 2004, and contributed by many other authors, e.g. Dees, di 
Mauro, Pesaran and Smith, and show that their response is almost as strong 
as the response of the euro area countries. On the contrary, he shows that 
south European countries are less sensitive to the global euro area shocks. The 
links between the countries are traditionally determined by trade flows which 
are probably the main transmission channels of negative impact of monetary 
policy on economic activity outside the euro area. Finally, the author declares
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his plans for further research on unconventional policy effects and spillovers. 
According to my point of view, there is a lot of empirical results provided 
by GVAR model but the crucial definition of the new transmission channels 
- is underestimated. There are still a lot of questions to be answered. Why 
there area such huge differences between countries? What are the transmission 
channels of the shocks? Are there any thresholds or time-varying effects ? (see 
Cuaresma et al. 20f9 Spillovers from US monetary policy: evidence from a 
time varying parameter global vector auto-regressive model).

A well-constructed point, thank you. Indeed, there are substantive differences 
between countries in responses to the selected shocks. Since we deal mostly with 
macroeconomic variables, we employ trade flows in our application and these 
represent the most important transmission channel through which the spillovers 
are governed. As such, these form the key source of differences among coun
tries. Information on the transmission channel is now included in Section 3.3.1 
and significance of closer trade links for the results obtained is also highlighted 
in Section 3.5.1. With regard to nature of the spillover effects (e.g. prone to 
shifts or changes over time), suggested paper is an excellent example and need 
for exploring this area is mentioned in Section 3.6. However, as mentioned 
during the dissertation pre-defense, suggested methodological upgrade is not re
flected in Chapter 3, as it would require overwhelming work and likely provide 
material for a new fully-fledged paper.

4. The third paper employs GVAR model as well and investigates the effects 
of monetary policy considering differences between qualitatively expected ef
fects and their quantitative dimension differs across the analysed countries. I 
consider this third paper as the excellent one from both empirical and theo
retical point of view. The author also formulates strong policy implications 
related to the comparison of conventional and unconventional measures. I ap
plaud also further research suggestions related to interactions of monetary and 
macroprudential policies, changes in the uncertainty in the financial markets, 
time-varying parameter modelling and considering non-linearities.

Many thanks for such kind words.

5. The last paper focuses on the Czech Republic, especially its position in relation 
to the euro area and euro adoption commitment and benefits of autonomous 
exchange rate policy of the Czech national bank. The author concludes that 
1% exchange rate depreciation shock is associated with and an approximately 
0.2% increase in aggregate prices, it means that weakening the currency by 7% 
could contribute to inflation by some 1.4% which contrasts to the official CNB 
estimations.
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Indeed, it is interesting to compare our estimates to the official CNB estimates. 
According to our results, weakening the currency by 7% could contribute to in
flation by some 1.4%, other things being held constant. The CNB estimates 
(i.e. obtained via input-output tables) suggest that the direct (short-term) ef
fect of a 5% depreciation on prices is 1.2%, while the long-term effect is 1.6%. 
Hence, the CNB estimates for 7% depreciation are 1.7%> in the short-term and 
2.3% in the long-term. While the short-term CNB estimates are broadly consis
tent with those that we find, the long-term estimates are higher. Importantly, 
both methods imply that the effect of exchange rate depreciation is economically 
significant. This finding suggests that if the exchange rate were to remain at 
the level preferred by the CNB, it would substantially reduce deflationary risks. 
This discussion is now included in text in Section 5.4-5.

A.3 Prof. Ing. et Ing. Lubos Komarek Ph.D., MSc., MBA

The field of this dissertation thesis is very interesting at least for two reasons. The 
first is an academic one, because the author deeply analyses four interesting topics 
from international economics using appropriate methodology and econometric tools. 
The second is a practical one, because these topics are very interesting for the central 
bank of a small open economy with independent monetary policy, i.e. as is the case of 
the Czech National Bank. The dissertation is divided into four main chapters, which 
could be seen as four relatively independent - but mutually related - academic papers 
or parts with independent publishing potential. All of these chapters are focused on 
applied monetary economics. After the introduction to the field of the dissertation, 
i.e. to macroeconomic imbalances and their importance for monetary policymakers, 
which connects the main chapters of this thesis nicely, the second chapter focuses 
on the phenomenon of the real exchange rate misalignment in the euro area. In 
the third chapter the author models the spillover effect of the euro area on central 
and southeastern economies using Global Vector Autoregression Model (GVAR). 
The fourth chapter is concentrated on international spillovers of (un)conventional 
monetary policy, again using a slightly different GVAR model. The last chapter 
analyses the so-called exchange rate pass-through in an emerging market.

I can recognize an original contribution from the author in this thesis. It is 
certainly a good piece of work, because it:

• nicely applies the concept of BEER model (Behavioral Equilibrium Exchange 
Rate model) to examine - in a panel data setting - the extent of real exchange 
rate misalignment in the euro area over 35 years;

• tries to answer an interesting policy question, i.e. how shock origination in the
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euro area affects output and prices in other EU countries with independent 
monetary policy by using GVAR model;

• focuses on the crucial problem of conducting the monetary policy in the mon
etary area, i.e. on shocks to the overall euro area monetary policy stance for 
both conventional and unconventional measures;

• contributes to the discussion on how strongly domestic prices respond to ex
change rate shocks, i.e. to the evaluation of the so-called the exchange rate 
pass-through, in the case of the Czech Republic.

The research design is around standard for a Ph.D thesis. This thesis is certainly 
defendable at Institute of Economic Studies, Faculty of Social Sciences, Charles Uni
versity in Prague or other respected universities in the Czech Republic. ... I recom
mend the thesis for defense without substantial changes.

I  would like to thank Lubos Komarek for his kind words and very thoughtful referee 
report.

1. The thesis is based on relevant references; it consists of both theoretical and 
empirical parts, with an appropriate literature survey, which of course could 
be slightly extended. The structure of the dissertation thesis is well-balanced, 
i.e. the technical presentation is very good; the arrangement of this thesis is 
logical and well done.

Many thanks for such kind words. In line with suggestion on slightly extend
ing the literature, I  would like to stress all the main Chapters received addi
tional references (e.g. Cuaresma et al., 2019; Mihaljek, 2019; Fidora et al., 
2018; Benecka et al., 2018; Skorepa, 2013; Kia, 2013; Klapper and Love, 2011; 
Kharroubi, 2011; etc.).

2. Three of the four main chapters of this thesis have already been published in 
respected economic journals (Open Economies Review, Economic Systems or 
Emerging Markets Finance and Trade). It is pity that the last chapter on 
real exchange misalignment has only been published as a draft-version in IES 
Working Paper series.

Indeed, it is a pity the last chapter has not been published in a respected eco
nomic journal so far. However, I  would like to stress a significant additional 
effort was made to arrive to a publication stage soon. This involves updated 
motivation and more suitable framework for studying such topic, additional 
variables considered together with extended discussions on the choice of ex
planatory variables, two econometric mod,els adopted to strengthen our results,
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further robustness checks or clarifications of concepts used. I  believe the set-out 
goal does not seem too distant when compared to the previous version.

3. It would be nice, if author could materialize his effort made on the topic of 
exchange rate misalignment in a publication with impact factor. I would ap
preciate ’’deeper discussion” about the explanatory variables used in the panel. 
One of the standard explanatory variables is interest rate differential, but this 
is ’’from the definition of monetary union” the same for all countries in the euro 
area. This kind of policy discussion would be nice during oral defence or in 
future publication.

Thank you, this point is well taken. As mentioned in the previous point, ad
ditional efforts were made to arrive to a publication stage soon. This includes 
also an extended discussion about the explanatory variables used in the panel. 
For example, I  included a discussion about effects of globalisation (e.g. higher 
intra-industry trade or development of supply chains and vertical specialisa
tion) on the relationship between real exchange rate and trade balance. Such 
discussion is now included in Section 2.2.

4. Egert and Halpern (2005) argued that time series estimates may provide rela
tively short-term estimates whereas panels may tend to yield equilibrium ex
change rate estimates that apply at longer time horizons. Is your interpretation 
similar?

This is interesting point. I  would perhaps use the logic of Hsiao (2015) who 
claim that panel data usually give the researcher a large number of data points, 
increasing the degrees of freedom and reducing the collinearity among explana
tory variables and as such improve the efficiency of econometric estimates. This 
holds especially with longer estimation horizons. Furthermore, panel data es
timates allow the researcher to capture individual heterogeneity by controlling 
variables which might be omitted in a time series application. Based on these 
grounds, I  tend to agree that estimates of exchange rate which are based on panel 
data are better fitted to capture longitudinal/equilibrium aspects. In addition, 
caputring irregularity on a shorter horizon might be more difficult with a panel, 
given the need of presumably many additional explanatory variables which is a 
laborous task (with respect to data collection) and perhaps even more impor
tantly, may not be sometimes achievable (with respect to ensuring comparable 
data definitions).

5. I missed at least one relevant reference and discussion of findings (relevant to 
the third and the fourth chapter of this dissertation), which also applied GVAR 
approach in an interesting way, e.g. ’’Spillovers from Euro Area Monetary
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Policy: A Focus on Emerging Europe”, which was published by S. Benecka, L. 
Fadejeva and M. Feldkircher.

Indeed, this is an interesting GVAR application to include in the related dis
cussion, thanks for suggesting it. As a matter of fact, I  was also one of the 
two reviewers of this paper before it was published in the CNB Working Paper 
Series. Given the authors use shadow policy rate as a proxy for the mone
tary policy stance during normal and zero-lower-bound periods, I  included a 
reference and a brief summary of their main findings in Section 4.2.
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