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This paper investigates how different ECB monetary policy instruments affect macroeconomic indicators in Central and Eastern European (CEE) countries. To avoid “priced-in” effects and to be able to estimate the net impact of monetary policy, shocks are retrieved from the EA-MPD Database. The shocks also allow for the distinction of effects caused by different types of policies, which has not been done so far. The VARX model is used to estimate the response of GDP growth, exchange rates, interest rates, inflation, and equity prices to shocks caused by four types of monetary policy. Based on the methodology used, shocks are interpreted as monetary policy tightening surprises measured by one unit increase in the OIS rates of different maturities. The results indicate the reaction of the specified variables varies depending on the policy shock. We find that Target and Timing shocks result in the contraction of GDP growth, while FG shock induces the opposite effect. The impact QE shock, in turn, varies by country, thus contributing to previous research highlighting the ambiguity of the spillover effects for this particular instrument. We also attest the difference in response of exchange rate, which appreciates in case of QE, FG, and Timing shocks, and depreciates in response to Target shock. Furthermore, we observe heterogenous increase in interest rates caused by QE and FG shocks, whereas Target and Timing pose insignificant results. Both inflation and stock prices reacted differently to the shocks explored. The findings also provide some evidence of exchange rate and signaling channels.
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For decades central banks have pursued an objective of ensuring price stability and sustainable economic growth. In particular, most central banks of the advanced countries have been targeting the rate of inflation - the rate at which consumer prices rise - at a level they assume to be healthy for the economy (in most advanced economies this is interpreted as 2% inflation). For largest part of last few decades, the main tool used by the central banks to achieve that was controlling short-term money market interest rates. By setting these rates, central banks basically determine borrowing costs for businesses and individuals and thus can influence household and company consumption and investment behavior, and as a result, overall economic activity.     
However, with the advent of the new century, there has been a significant shift in the conduct of monetary policy. After several years of low policy interest rates, they have hit an effective lower bound making the traditional approach less effective. Interest rates at or close to lower bound forced central banks to switch to alternative policy instruments such as forward guidance (FG), asset purchase programs (APP), negative interest rate policy (NIPR), and others. The emergence of new policy instruments has given rise to a new strand in the literature which investigates the effectiveness of the "new" and "unconventional" monetary policy tools. While the first papers focused on the policy effects within the country of its implementation, later the research has been expanded to the analysis of cross-border effects, also known as spillover effects. A bulk of studies have investigated the spillover effects from the US to the euro area, but relatively little is known about the impact of the European Central Bank's (ECB) unconventional monetary policy tools on neighbouring non-euro area European Union (EU) countries.  Hence, this paper aims at filling this gap in the literature by investigating the spillover effects of the ECB's unconventional monetary policy tools.
Euro area and non-euro area EU countries are tightly linked by trading activities. Euro area makes up for a large share of exports and imports for all non-euro area EU member states and is a significant source of capital inflows. Such a close relationship makes them an interesting subject to study, therefore in this paper, we are going to examine the spillover effects of ECB's unconventional monetary policy tools on four neighbouring EU countries, namely the Czech Republic, Poland, Hungary, and Romania. These countries, to our best knowledge, have received little attention in the related studies so far.
For our analysis of the spillover effects, we employ a vector autoregression model with exogenous variables (VARX). This model allows introducing exogenous variables, which in this paper are ECB's monetary policy shocks. Hence, we assume that ECB's monetary policy decisions are not affected by domestic developments in four countries of our interest. This assumption is plausible given the relatively small size of these countries if compared to the euro area. The shocks are extracted using a high-frequency dataset of Altavilla et al. (2019b) and are used to capture the surprise component of the monetary policy decisions. More importantly, this dataset enables us to distinguish between shocks induced by different types of policies, which has not been done so far. With regards to endogenous variables of our interest, the dataset consists of five variables, namely (a) short term money market interest rate, (b) change in GDP, (c) bilateral exchange rate between EUR and local currencies of Romania, Hungary, Czech Republic, and Poland, (d) inflation index - HICP (Harmonized Index of Consumer Prices) and (e) stock market returns in the respective country.
To sum up, our contribution with respect to the previous research is twofold. First, we introduce a distinction between the spillover effects of different types of ECB's monetary policy tools, rather than looking at monetary policy as a whole (e.g., in form of a shadow rate). Differentiating effects is important for future policy implementation as it will help to better understand the implications as well as transmission channels of each policy. This understanding, in turn, will influence the choice of instrument when it becomes necessary to regulate economic activity in any particular way. Second, our sample measures the spillover effects across all three major crises that afflicted European economies: the Global Financial crisis (GFC), the euro area sovereign debt crisis, and the Covid-19 crisis. The research question is formulated as follows:
What are the spillover effects of ECB's unconventional monetary policy tools on the main macroeconomic variables in 4 non-euro area EU member states?
The main results of the study are the following: Target and Timing shocks (capturing short-term forward guidance effects) results in a decline in GDP growth, while FG shock drives the output in the opposite direction. Hence short-term tightening in the euro area monetary policy seems to translate into lower growth in the neighbouring CEE economies, possibly due to reduced foreign demand. In turn, tightening of monetary standards for longer maturities result in higher growth which might be caused by relative price adjustment. Inflation and stock price reaction are found to be rather ambiguous.
This paper is structured in the following way. In the first section, we provide a description of the main concepts related to our study as well as empirical evidence from the existing research. The second section describes the methodological framework along with the data that we use for our analysis. In the third section, we present the main results. The last section concludes and discusses the limitations of our study.
[bookmark: _Toc268437079][bookmark: _Toc371588563][bookmark: _Toc99919330][bookmark: _Toc268437080] 2. Literature review
[bookmark: _Toc99919331]2.1 Monetary policy spillovers: theoretical considerations
In today’s world where the global economy is tightly intertwined by trade relations, monetary policy is no longer limited to the domestic economy, meaning it can have certain effects abroad. The mechanisms that explain how policy in one country can affect the economic or financial sector of another country are called transmission channels, the first examinations of which date back to the middle of the twentieth century. One popular example of such a study would be the model proposed by Marcus Fleming and Robert Mundell in the 1960s, which was essentially an extended version of the Keynesian open-economy model (Boughton, 2002). According to the Mundell-Fleming framework, a loosening monetary policy, expressed in lower interest rates, induces a positive effect on the output of the country pursuing the policy and leads to the depreciation of its currency. In more detail, decreased interest rates transmit into cheap borrowing for businesses and individuals, thereby facilitating their spending in the economy as well as effectively increasing the money supply. 
At the same time, two offsetting effects follow in foreign economies. The positive impact stems from the increased demand for external goods, in other words, foreign country exports, which is caused by expanded domestic output. The negative impact, in turn, is associated with the changes in the exchange rate. The exchange rate per se is the relative price of one currency to another, thus if the rate changes, the relative prices of goods and services change as well. It follows that the depreciation of the home currency is transmitted into reduced prices for its goods and services compared to similar goods produced abroad. This makes domestic goods more attractive both in the local and foreign markets, resulting in a worsening of the foreign trade balance and, accordingly, foreign output. The theory, however, is inconclusive about the net impact on the foreign economy, arguing that it depends on which of the two effects will be superior (Mundell, 1963). 
Dornbusch (1976) later provided an essential extension to the Mundell-Fleming model, the baseline idea of which is that changes in assets, exchange rate included, can occur even before the monetary policy is implemented. This happens because financial markets are forward-looking and can change asset prices relying only on their expectations of future monetary policy.
            Another more recent macroeconomic model that explores the mechanisms of cross-border effects was developed by Corsetti and Pesenti (2001). In accordance with the model export-pricing paradigms (i.e., producer currency pricing (PCP) versus local currency pricing (LCP)) pose different implications for monetary policy spillovers. For example, if both home and foreign exporting firms follow PCP, then the depreciation of home currency will decrease the foreign-currency price of home exported goods (i.e., foreign imports), whereas the foreign-currency price of foreign exported goods (i.e., home imports) will be unchanged. This means that the depreciation of the national currency caused by the expansionary monetary policy in the country of origin reduces the domestic trade balance, while the foreign trade balance improves. The opposite effect will be achieved if home and foreign exporting firms decide to adopt local currency pricing (LCP) since the depreciation of the domestic currency, in this case, will result in the diminished foreign-currency price of exports with no changes in foreign-currency prices of imports. The effect, however, is unclear if some firms follow LCP, while others – PCP.
These models have laid a solid foundation for further reviews of transmission mechanisms, which can be summarized by three main channels, namely the exchange rate channel, the aggregate demand channel, and the financial channel (Ammer et al., 2016). The first transmission mechanism is largely based on the Mundell-Fleming framework, where changes in relative prices for currencies translate into changes in the relative prices of goods and services. Therefore, through this channel, the demand for imports and exports changes in both home and foreign countries, eventually influencing the trade balance as well as aggregate demand. In the Czech Republic, Hungary, Poland, and Romania, which have abandoned exchange rate control in favor of interest rate controls, the exchange rate is determined by domestic and foreign interest rates, as well as expectations about the future exchange rate. For example, if the ECB tightens monetary policy, higher interest rates will provide creditors with higher returns than before, so investors will shift some of their funds from the other CEE countries to the euro area. This will cause an appreciation of the euro. At the same time, the ECB contractionary monetary policy will deteriorate euro area activity, and therefore negatively affect domestic demand due to changes in imports and exports. In 2020 intra-EU trade accounted for 80% of Czech exports, 78% of Hungarian exports, 74% of Polish exports, and 74% of Romanian exports, while imports coming from EU deemed 73% of Czech imports, 71% of Hungarian imports, 67% of Polish, and 74% of Romanian imports (European Union, n.d.). These statistics demonstrated the relevance of the aggregate demand transmission channel for the respective countries.
In addition to the development of trade relations around the globe, many deregulations have been carried out over the past decades, which have improved the coordination of financial markets (Issing, 2000). Thanks to this, today investors can easily acquire assets abroad, which, in turn, resulted in one more transmission mechanism, namely the finance channel. When purchasing foreign assets or liabilities, investors are allowed to hold them in the respective currency. One of the most striking examples of foreign liabilities is external debt (debt denominated in a foreign currency), which is an important factor for the observed countries, averaging about 90% of a countries’ GDP (Beckmann, Scheiber and Stix, 2011; CEIC, 2022). The existence of this debt makes them more vulnerable to the policy of the region whose currency prevails there. In more detail, if there is a loosening monetary policy in that region, domestic investors will be worse off due to the decline in the value of the bonds they hold (Altavilla et al., 2021). In parallel, the same policy leads to the appreciation of the domestic currency, resulting in the drop in the value of foreign assets denominated in the domestic currency. Even little fluctuations in asset values might force investors, especially those with high leverage, to exit their positions. Thus, in case these investors accounted for a considerable portion of domestic lending, their abandoned positions will be a key source of the foreign spillover to the domestic economy (Ca' Zorzi et al., 2020). 
Another way foreign monetary policy can transmit to the domestic economy is through credit spreads. Given the free trade of assets across countries, investors expect to earn the same returns on the same investment. Moreover, they also want the return on both domestic and foreign assets to equal the cost of raising funds in the home economy. Altogether, arbitrage forces will lead these returns along with borrowing costs to equalize, causing the credit spread to converge. As a result, a contractionary monetary policy abroad will increase not only foreign credit spreads but also domestic ones (Ca' Zorzi et al., 2020). The co-movement, in turn, will affect other financial factors like asset prices, capital flows, etc. (Debola and Lombardo, 2015). 
One more important transmission channel found in the literature about the ECB policy spillovers is signaling channel. This channel is associated with the investors’ expectations formed by the policy announcements, whereas the expectations are set based on the perception of future macroeconomic stance as well as anticipated future policy. For example, a tightening monetary policy can signal that the economy is doing well and will continue to do so in the future. This might lead financial market participants to anticipate even better economic stance in the future, which in turn can appreciate their currency (Bauer and Rudebusch, 2014).
However, Cecchetti (1999) claimed that transmission channels and their role differ across the countries since they are dependent on specifics of each economy such as, for example, financial market structure. Kearns et al. (2020) tried to identify the most effective determinants of cross-border effects of interest rates. The authors found evidence for exchange rate channels having an impact on the size of spillovers, however, they claimed that the extent of cross-border effects is mostly influenced by the financial openness of economies. Their analysis has demonstrated that the stronger the financial link is between the country and the Eurozone and/or the US, the more vulnerable they are to spillover effects imposed by changes in interest rates. The authors also highlighted two macroeconomic factors, which best describe the financial openness in their analysis: foreign currency debt held either in US dollars or EUR, and two-sided flows of equities from the Euro Area and/or the US.
[bookmark: _Toc99919332]2.2 Conventional monetary policy spillovers: empirical evidence
Over the past few decades, there have been many studies that have attempted to assess the cross-border effects generated by the conventional monetary policy of large central banks. (Table 1) Initially, the vast majority of this literature focused on the US Federal Reserve (FED) induced spillovers and their transmission channels, largely due to the longer time series available for this area, which is of great importance for the empirical analysis of any monetary policy instruments (Benkovskis et al., 2011). Predominantly, the US findings appear to be consistent with the theory discussed earlier in this paper. The results indicate that an expansionary FED policy in the face of decreased interest rates encourages output growth abroad along with the appreciation of its currency (Kim, 2001), the strongest responses being observed in the emerging economies with floating exchange rate regimes (Dedola et al., 2015). 
A very similar conclusion has been reached in the literature on the impact of ECB’s monetary policy on non-euro area EU member states, where the output response was found to be fairly uniform across all states. Asymmetry was discovered in the reaction of such macroeconomic indicators as prices, unemployment, and exchange rates (Boivin er al., 2008; Barigozzi et al., 2014). For example, Benkovskis et al. (2011) utilized an open economy version of FAVAR model to investigate spillover effects of ECB’s contractionary monetary policy on the Czech Republic, Poland, and Hungary. In their research of the ECB policy effects on the CEE states found that a tightening policy, represented by an unexpected 50 basis point increase in the 3-month EURIBOR, leads to the depreciation of the CEE currencies as well as rising prices in that area. Results opposite to these have been detected by Jiménez-Rodriguez, Morales-Zumaquero and Égert (2010), according to which there is a negative reaction of prices to ECB contractionary policy in the respective countries. The authors also claim that impact on exchange rates and interest rates differ between states. With regard to the transmission channels for these effects, of all the previously described channels, special attention has been paid to the financial channel, which, according to many studies, is the main one in the context of the EU countries (Bernanke et al., 1995; Gali et al., 2005).
Similarly, Potjagailo (2017) investigated the cross-border effects from ECB monetary policy shocks transmitted to fourteen non-EMU countries using a factor-augmented VAR model. The author has observed not only a general decrease in interest rates but a twice bigger decline in the short-term compared to the long-term rates, as a result of the expansionary policies of the ECB. The size of the effects, as stated by the author, is dependent mainly on financial integration (the higher it is the stronger the effect) and exchange rate regime (countries with fixed exchange rate regimes experienced stronger spillover effects). 
            In general, empirical studies suggest that ECB conventional monetary policy results in a homogeneous response of the output in EU countries, whereas the results for inflation, exchange rate and interest rates vary across the states. 




	Variable 
	Response (Expansionary MP)
	Response (Tightening MP)

	GDP 
	Growth 
	n/a

	Inflation
	n/a
	Growth

	Exchange rate
	Appreciation (CEE Currency)
	Depreciation (CEE Currency)

	Interest rates 
	Decrease
	n/a



Table 1. Cumulated spillover effects of conventional monetary policies. Table made by the authors. 

The vast use of conventional monetary policies by the ECB, i.e., lowering the short-term interest rates has approached the zero-lower bound (ZLB) and then venturing even in the negative territory, has complicated the fulfilling of the central bank’s main goal of stabilizing the economy. ZLB denotes the point starting from which further reduction in interest rates no longer has previous effectiveness due to the smaller space left to counter low inflation. One of the recent studies conducted by Buch et al. (2019) has proved that even when policy rates are not bound by the ZLB, the possibility that they will be in the future creates the ZLB risk, which in turn complicates the achievement of CB’s goal.
Thus, after the switch in 2014 of the policy rates to the negative area, ECB turned from using preponderantly the conventional monetary policies to the so-called “unconventional monetary policies”, expected to stimulate the economy. 
[bookmark: _Toc99919333] 2.3 A brief description of unconventional monetary policy tools
This subsection briefly defines the main unconventional monetary policy tools exploited by the central banks, namely forward guidance (FG), targeted long-term refinancing operations (TLTROs), negative interest rates policy (NIPR), and asset purchase programmes (APP).
Forward Guidance. FG is a communication tool, which allows ECB to impart their monetary policy intentions for the future (Praet, 2013). The idea of utilizing FG to stimulate the economy dates back to Krugman et. al. (1998). However, CBs did not implement the tool, because there was no existing commitment mechanism, which would make the bank’s promises credible (Haberis et al., 2017). One of the first examples of FG is an announcement made on July 4, 2013, when the ECB’s Governing Council announced that ECB interest rates are expected to either stay at the same level or lower “for an extended period of time” (Draghi, 2013). Even though this proclamation did not contain any quantitative data and was undefined, markets instantly noticed that there had been a significant shift in the communication procedures of the bank which had never previously promised to commit (Haberis et al., 2017).
There have been various empirical studies conducted to evaluate the effects of the ECB’s FG. The research carried out even before the GFC has demonstrated that there is a so-called “path component” of monetary policy communication, which can result in the hump-shaped effects on the yield curve (Gürkaynak et al., 2004). Zlobins (2021) found that the ECB’s announcement of interest rate cut leads to 5 bps decrease in interest rate expectations, 0.09%-0.12% growth in the Eurozone output, as well as 0.035% increase in price levels. The author also discovered that such announcements have a negative impact on borrowing costs for both businesses and households. Likewise, Hubert & Labondance (2018) utilized high-frequency data of overnight indexed swaps (OIS) to examine the effects of FG proclamations on the temporal structure of short-term interest rates by implementing a combination of an event-study approach and ARCH model. The results have shown that FG announcements diminish OIS rates for almost all maturities tested. Additionally, the authors concluded that “the effect of these announcements is more about the stance of future ECB monetary policy than about signaling the ECB’s views about the macroeconomic outlook.”

Targeted long-term refinancing operations (TLTROs). The ECB deploys TLTROs to provide banks with longer-term loans at low interest rates, encouraging them to lend to firms and consumers within the Eurozone. This instrument has three distinctions from the ECB’s main refinancing operations. Firstly, TLTROs are targeted either at boosting or at keeping the level of lending to firms and consumers. Secondly, banks will be offered longer-term loans only under the condition that they indeed will form the loans and sell to businesses and people at lower costs. And thirdly, TLTROs have longer maturity (up to four years) than other liquidity-providing tools employed by the ECB (European Central Bank, 2021).
Andreeva & García-Posada (2021) explored the effects of ECB’s TLTROs on bank’s lending policies using a sample of 130 banks from 13 countries. The authors discovered that in addition to the direct effect of the instrument -  expansion of credit supply generated because of lower marginal costs - there are two indirect effects: boost in credit market competition, and decrease in deposit rates, which is the result of substituting deposit funding with TLTRO funding. The empirical results suggested that TLTROs generate robust indirect effects on loan standards, whereas no significant effect on loan margins has been identified. Everything considered, it was indicated that TLTROs created beneficial financing externalities on non-bidders.
Negative interest rates policy (NIPR). In 2014 the ECB for the first time entered the unchartered territory of negative deposit facility rates (DFR). Due to no experience with negative interest rates, the ECB took it slowly at first, cutting DFR in 10 basis-point increments until September 2019, when it fell to -0.5% (Schnabel, 2020). Breaking the ZLB had two goals: to redefine the expected future trajectory of short-term interest rates and to stimulate the growth of the credit market. According to a large body of empirical evidence, both NIPR objectives have been met (Moessner & Rungcharoenkitkul, 2019). As claimed by Lane (2020), the effects from rates reduction in the negative area have had stronger effects on the yield curve than from those in the positive area. Nonetheless, NIPR has been criticized for its side effects on bank’s profitability and risk-taking behavior. To be more precise, banks generally do not transfer negative rates to their retail clients, so the funding needs of depository banks do not decrease in sync with the decrease in loan rates, which leads to a deterioration in interest margins and, consequently, profitability (Altavilla et al.,2018). Regarding the second size effect, Heider et al. (2019) found that the ECB's imposition of negative interest rates has prompted banks with high deposits to take more risk by lending to borrowers with a wide range of return on assets than banks with low deposits. In contrast, the empirical analysis of 9421 banks conducted by Boungou (2020) has indicated that the banks were less risk-taking in the countries that have entered the territory on negative rates. In addition, the author specified that the impact is dependent on the country’s size and level of capitalization. 
Asset purchase programmes (APP). Central banks around the globe are increasingly using APP, also referred to as Quantitative Easing (QE), to support economic growth and keep inflation close to the target of 2% in the presence of ZLB. There are four types of APP implemented by the ECB, each of them targeting a specific economic sector: corporate sector purchase programme (CSPP), public sector purchase programme (PSPP), asset-backed securities purchase programme (ABSPP), and third covered bond purchase programme (CBPP3) (European Central Bank, n.a.). One more temporary programme of public and private sector securities was introduced in March 2020, namely pandemic emergency purchase programme (PEPP). The measure was initiated to manage the risks posed by the COVID-19 virus spread (European Central Bank, n.a.).
Not to mention, many researchers are trying to examine different effects posed by APP. Andrande et al. (2016) stated that asset purchase as a single event does not bring a lot of information to the market, therefore does not induce a significant effect on asset prices. The authors concluded that purchase itself can influence asset prices only on the first day at best. Regarding the macroeconomic effects of APP, Gambetti and Musso (2017) found evidence of a compelling positive effect on both real GDP and HICP inflation caused by APP introduced in January 2015. Conjointly, Antal and Kaszab (2021) scrutinized spillover effects of APP on non-eurozone CEE countries. With the help of panel regression, the authors discovered that there was a 1-6 basis point decrease in the long-term bond yields of the observed countries. Similar but slightly bigger results were identified by Georgiadis and Gräb (2016), who covered a wider range of non-eurozone countries. The analysis of the recent APP implemented, namely PEPP, demonstrated that the announcements of PEPP led to a reduction of bond yields, and had no effect on domestic currencies and equities. Although the instantaneous effect seems to be positive, it is still difficult to draw any conclusions about the longer-term effects (Sever et al., 2020).
[bookmark: _Toc99919334]2.4 Empirical evidence of the spillover effects from the unconventional monetary policy tools
With the support of unconventional monetary policy tools, central banks are extending their effect not only on the domestic economies, but also to the countries with whom there is established a stronger economic or financial ties. In this paper, we will study explicitly the spillover effects on EU non-eurozone countries, i.e., Romania, Poland, Hungary, and the Czech Republic as they have established a robust economic connection that provides a basis for the transmission mechanisms of ECB monetary policies (Stann et al., 2020). 
Given the fundamental changes in ECB monetary policy after the GFC, more and more researchers are trying to study the difference in responses to the conventional and unconventional monetary policy instruments. For example, Babecká et al. (2016) decomposed the synthetic monetary conditions index (MCI) into traditional and nontraditional monetary policy instruments to see the difference in the effects of the two indicators. According to their findings, the Unconventional Monetary Policy (UMP) transmission in the six non-EMU countries is markedly different from the Conventional Monetary Policy (CMP) transmission, with UMP transmission being slower than the CPM transmission. 
Falagiarda, McQuade, and Tirpák (2015) studied the spillover effects of ECB’s announcements of UMP on four CEE non-EMU countries, namely the Czech Republic, Hungary, Poland, and Romania. Using an event-study approach the authors found evidence for declining sovereign bond yields in Romania, Poland, and the Czech Republic, whereas the yields of Hungary appeared to be unaffected. Kenourgios, Drakonaki & Dimitriou (2019) used a dynamic conditional correlation analysis to scrutinize the UMP spillover effects produced during several UMP periods in 4 developed markets and 11 emerging market economies, including South Korea and Turkey. The authors observed spillover effects on both the economies and financial markets of the studied countries, not to mention it is observed to be more accentuated than the one coming from CMPs. The overall results were in line with the ones presented by Falagiarda et al. (2015), Varghese and Zhang, (2018).  By distinguishing the effects between different types of the UMP, according to Falagiarda et al. (2015) the strongest spillover effects were caused by Security Markets Program (SMP), whereas the announcements of Outright Monetary Transactions (OMT) and Public Sector Purchase Program (PSPP) induced less significant effects on the CEE countries. Other research, including Georgiadis and Gräb (2016) also claimed about the declining response of bond yields to APP. 
Although a broad range of previous research concluded about the negative response of interest rates to the monetary policy tools, there is empirical evidence that does not support this position. Karadi and Nakov (2021) study the efficiency of QE to offsetting the financial distress and reveal that Asset Purchase Programs can lead to an increase in interest rates in case of “insufficient” easing. On the other hand, as pointed out by Kolasa and Wesolowski (2020), the different response of countries to the QE shocks can be attributable to a large extent to such factors as the financial institutions of the emerging countries. The author employs the conclusion of Fratzcher et. al (2018), who points out to that the stronger are the financial institutions in the small emerging countries, the more capable are they in isolating the economy of the QE spillover.
Polis & Pietrunti (2019) investigated the impact of UMPs on the exchange rate by employing a New-Keynesian model. The authors mention that as a result to the implementation on the policies, the euro significantly depreciated. While comparing the effects of UMP and CMP, Kucharčuková (2014), found that both types of monetary policies lead to the depreciation of the domestic currency in the five out of six non-EMU countries observed, with a stronger impact posed by UMP. Moreover, the author also has mentioned that the observed effect is partly mediated “by the endogenous response of domestic short-term interest rates”. 
Moder (2017) employed a bilateral structural VAR (BVAR) model to check for macroeconomic cross-border effects caused by the ECB’s UMPs. The empirical results for exchange rate responses were muted, which, according to the author, can be justified by relatively stable exchange rates in the observed period. Similarly, Horvath & Voslarova (2017) were scrutinizing the spillover effects posed by ECB’s UMPs. As a measure of unconventional policy, the authors used the shadow rate along with central bank assets. Employing both variance decompositions and impulse responses, the effect of the real exchange rate in the observed countries appeared to be insignificant. 
So far, the literature extensively studied the ECB monetary policy spillovers to adjacent countries, including the CEE region, that as discussed consists in significant trading relationships with euro area countries which fortifies the cross-border effects. However, there is still no consensus on the significance of the effect of monetary spillovers, which can be on account of the interpretation of monetary spillovers as a whole. We want to further investigate this gap in the literature by employing distinct shocks produced by the announcement of monetary policies, which we will retrieve from the EA-MPD database (Altavilla et al., 2019a). Thus, we will be able to study in more depth their effect on CEE countries and attribute the spillovers to one, or another shock. What is more, by extending the time period as compared to the previous research, we are interested in capturing the effects of more recent policies, as for example the ones employed as a reaction to the Covid-19 crisis. 









[bookmark: _Toc371588564][bookmark: _Toc99919335]3. Methodology
We use the Vector Autoregressive with Exogenous Variable model (VARX) to study the spillover effects of the ECB UMP tools on the economies of four neighboring European Union member states which, however, are not part of the monetary union. The choice of VARX model is motivated by the fact that we include both endogenous and exogenous variables in our empirical analysis (Warsono, et al., 2019). The model can be expressed as follows:
yjt = vj+Bj1yt-1+…+Bpyt-p+D0xt+…+Dqxt-q+et,                                	(1)
where vj is a vector of intercepts, yjt is a vector of 5 endogenous variables macro-financial variables for CEE countries. These include inflation, money market interest rate, GDP, bilateral exchange rate between EUR and the respective domestic currency, and stock returns index. B are the respective regression coefficients. The lag length of 1 was chosen according to several criteria like AIC, HQ, SC, and FPE.
xt is a vector that contains six exogenous variables. These include four time-series of UMP shocks (explained in detail in the next subsection) and two variables capturing the macroeconomic conditions in the euro area: inflation and quarter-on-quarter change in GDP. With this we assume that euro area macroeconomic developments are likely to be exogenous to the domestic developments in four small CEE economies. All exogenous variables are taken in the first difference with 1 lag. The model is assumed to be stable, and the exogenous variables not being correlated with the residual e. Table 1 provides a list of all variables used in equation (1) with the respective sources. 
Beforehand, the Augmented Dickey-Fuller (ADF) test was conducted to test the stationarity of the variables used in the model. According to the test, most of the time series are stationary in first differences whereas monetary policy shocks are stationary without transformation by definition.(Appendix 3)






	Variable
	Description
	Source

	Domestic Inflation
	Monthly frequency Consumer Price Index (CPI)
	EUROSTAT

	Domestic GDP
	Quarterly frequency month-on-month percent change in GDP
	EUROSTAT

	Domestic Money Market Interest Rate 
	Monthly frequency quarterly adjusted
	IMF (International Monetary Fund)

	Bilateral Exchange Rate 
	Quarterly frequency month-on-month percent change in the bilateral exchange rate
	EUROSTAT

	Domestic Stock Returns Index
	Quarterly frequency month-on-month percent change in stock returns
	AMECO

	Target Shock
	Denoted to capture short-term effects of CB communication policy
	EA-MPD database
(Altavilla et al., 2019a)

	Timing Shock 
	Denoted to capture mid-term effects of CB communication policy
	EA-MPD database
(Altavilla et al., 2019a)

	Quantitative Easing Shock
	Accounts for long term changes obtained from the press release window
	EA-MPD database
(Altavilla et al., 2019a)

	Forward Guidance Shock
	Denoted to measure the surprise in mid-term for press conference window
	EA-MPD database
(Altavilla et al., 2019a)

	EU GDP
	Month-on-month percent change in GDP
	EUROSTAT

	EU HICP
	Harmonized Index of Consumer Prices
	EUROSTAT



Table 2. Variables employed in the study of monetary policy cross-border effects on Romania, Poland, Czech Republic and Hungary. Table made by the authors. 
Our sample period spans from January 2002 to December 2020 and incorporates nearly a decade of UMP experience as well as the major economic crisis. We use quarterly data in our regressions and hence aggregate monthly data when necessary.
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One of the most important challenges when studying the macroeconomic effects of the monetary policy usually is associated with isolating the policy surprises. Since monetary policy is conducted after careful deliberation of prevailing economic conditions, changes in the monetary policy stance and instruments may have already been "priced-in" by financial markets and hence affect economic activity even before actual decisions have been made by the central bank. Therefore, one needs to isolate a pure monetary surprise or shock to study its macroeconomic effects.
In this respect, we rely on high-frequency financial market indicators to extract the shocks adjoining the announcement time of the ECB's monetary policy changes. We use (and extend) dataset and the approach of Altavilla et al. (2019) which cumulates the intraday asset price changes for two periods around the monetary policy event: (a) Press Release Window (b) Press Conference Window and the full Monetary Event Window.  
The European Central Bank communicates its monetary policy decisions by publishing the press release followed by the press conference. Thus, according to Altavilla et al. (2019), there is a clear separation between the financial market effects of the change in policy rates and the other policy actions that are based on intraday data, which allows capturing the shocks produced by the announcements. In other words, changes in the financial market variables during the short window that surrounds ECB's monetary policy announcement, and the following press conference are presumed to be purely related to the monetary policy surprise.
We use a large selection of financial market indicators starting from 2002 and ending in 2020 to calculate the market-implied latent factors (monetary policy shocks) that account for the changes in the yield curve. The identification relies on the methodology suggested by Gürkaynak et al. (2004), and Swanson (2021). Thus, we account for the term structure of OIS (Overnight Indexed Swap) as an identificatory of the risk-free curve. However, we are constrained by the availability of data with maturities of more than two years, so we can use OIS as a proxy only for the period starting with the last quarter of 2011. As for the first part of the sample, we use German sovereign yields as a proxy.
This methodology allows us to extract 4 types of monetary policy shocks: (i) Target shock, (ii) QE shock, (iii) Timing shock, and (iv) FG shock, (Fig 1, (a-d)). This contrasts with most of the previous literature in which monetary policy stance was summarized in one variable. 
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Figure 1: (a) – Forward Guidance Shock; (b) – Quantitative Easing Shock; (c) –Timing Shock; (d) -Target Shock. Graph made by the authors. 
The target shock, which carries a unit effect on one-month OIS, is determined to be strongly tied with the press release window, affecting only the short end of the yield curve, i.e., overnight rates, and having little impact on the long-term rates. Hence, a targeted shock is likely to be associated with a more conventional monetary policy shock – changes in the short-term interest rates.
Timing shock has a unit effect on six-month OIS and relates to the surprises that are captured in, on average, the first 6 months in the yield curve. They capture the change in the policy expectations by shifting the short tail of the yield curve while keeping the long one stable. 
In a similar way, FG shocks relate to the surprises around 2 years of maturity in the yield curve, i.e. it carries a unit effect on two-year OIS. Since these shocks measure the surprises in the medium-term maturities during the press conference window, they are supposed to capture central bank communication shocks, i.e., the central bank is using FG to influence market expectation of future monetary policy path.
QE shock is computed around the press release window since detailed changes in asset purchases are usually announced in the statement instead of the press conference; QE shock is obtained from the long end of the yield curve since the average maturity of securities held by the euro area central banks is approximately 8 years. In terms of interpretation, QE shock has a unit effect on ten-year yields.
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This section presents and discusses the main results of our empirical analysis, the dynamic response of selected macroeconomic variables in four CEE countries to different ECB's UMP shocks. Based on Altavilla et al. (2019) methodology, all four shocks can be interpreted as monetary policy tightening surprises measured by one unit increase in the OIS rates of different maturities. Impulse response functions (IRF) are used to illustrate the behavior of endogenous variables in response to monetary policy shocks over time, thus capturing not only the effect of a policy but also its duration. The IRFs are shown with a solid line, whereas the grey area around this line demonstrates the width of the confidence band, which equates to 95%. We next look at each monetary policy shock separately.
[bookmark: _Toc99919338]4.1 Effects from Quantitative Easing (QE) shock
Overall, we do not find any statistically significant effect of QE shock on the selected macroeconomic variables in either of the four countries (Appendix 2), which was also detected in Falagiarda et al. (2015) study for the same region. One possible reason could be the period covered in our analysis - we introduce quantitative easing shocks starting from 2002, while the policy only came into effect after 2008 (and APP programs in their current form only in 2015). Altavilla et al. (2019) stated that the QE shock (shock in long-term money market rates) had a minimal impact in the pre-crisis period. To test this hypothesis, we limited the sample to the first quarter of 2015, i.e., after the ECB for the first time initiated the Asset Purchase Program (APP) in mid-2014. The results in a shorter sample indeed show several significant effects induced by QE shock, most of which take place in the medium term, i.e., at least 2 quarters after the impulse shock.
Our findings over a shorter period indicate that QE shock has a heterogenous effect on GDP growth across the countries. The first and adverse reaction occurs in the 3rd quarter after the QE shock in the Czech Republic and Romania. In Hungary and Poland, the response is of the opposite sign and refers to the period between the 4th and 6th quarters after the impulse. In numerical terms, the effects for all countries are capped at -2% to +2% diapason from the initial level. These findings contribute to the inconclusiveness of the results because they confirm both sides of the empirical evidence on the impact of QE shocks on GDP growth. The negative response of GDP growth in the Czech Republic and Romania is contrary to the theory, according to which QE is an adaptive type of monetary policy that is supposed to result in positive spillovers on GDP growth. However, there are some studies whose results are consistent with our findings. For example, Kolasa and Wesołowski (2020) obtain a negative response of GDP growth in particular for small open economies, while their results for large economies are in line with the theory. The authors attribute the drop in GDP to the exchange rate transmission channel, as their results signify that QE abroad leads to the appreciation of currency of small open economies. Hence, they lose international competitiveness, which contributes to a decrease in their GDP. Yet we find only rather ambiguous and inconclusive evidence of such channel.
There is some evidence on long term positive effects on GDP growth in three countries, namely Hungary, Poland, and Romania, which signifies that QE shock induces long-term effects on the observed variable. This conclusion is in line with the one made by Alpanda and Kabaca (2020), who studied the impact of the QE implemented by the FED. According to their analysis, an improvement in economic activity in the face of increased GDP growth can occur even if the local currency appreciates in the countries receiving spillovers. The main reason for it would be that the decreased term premia of those countries, which happens through the portfolio balance channel, make their bonds more attractive and, therefore, increases the capital inflow into the country. However, since we do not include the term premia as a variable in our model, we cannot draw the same conclusion.
Regarding the exchange rates, we mostly observe an appreciation of the local currency in the CEE countries, which is in line with discoveries of Rajan (2016), Bluwstein and Canova (2018), Falagiarda et al. (2015), all of them studying specifically small open economies. The size of the effect ranges from 0.01% to 0.05%, which is very similar to the interval evidenced by Chen et al. (2012). According to their conclusions, such a reaction of the exchange rate was caused by higher capital inflows in the country.  
The most noticeable effects induced by QE shocks have been noted for the growth of interest rates with the magnitude of the impact ranging from 10% to 20% from the baseline. The impacts on interest rate growth appear to be uniform across the countries with the only difference in the timing of the effect. The results show that the positive response of interest rate growth takes place in the 6th quarter in Czech Republic, Poland, and Romania, whereas the effect in Hungary arises earlier – in the 3rd quarter after the shock. 
We attest that the quantitative easing shock leads to lower inflation in all the countries studied, with effects occurring at different times. The magnitude of the effects is not substantial, ranging from -0.03% in the Czech Republic to -0.05% in Hungary and Romania. 
With regards to the stock price reaction, the results vary across the countries in both timing and the direction of the effect. For example, in Romania we observe an instant negative reaction of stock prices, whereas there is a positive response detected in the Czech Republic, Poland, and Hungary taking place in the period between the 4th quarter and the 7th quarter after the QE shock. Additionally, there are few more spikes noticed in three out of four countries, which occur approximately in the 10th quarter after the impulse. The ambiguity of stock price reaction has been documented in literature also before. For instance, Bhattarai et al. (2021), Fratzscher et al. (2018) observe an increase in stock prices cause by QE policy, whereas Rai and Suchanek (2014) discover a decrease in stock prices. 
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Figure 2. Hungary variables response to QE shock (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). Figure made my authors. 
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Figure 3. Poland variables response to QE shock (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). Figure made my authors. 
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Figure 4. Romania variables response to QE shock (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). Figure made my authors. 
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Figure 5. The Czech Republic variables response to QE shock (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). Figure made my authors. 

[bookmark: _Toc99919339]4.2 Effects from Target shock
In general, we uncover several significant effects posed by the target shock. The only variable for which there is no impact detected is growth in domestic short-term interest rates. 
The results reveal that target shock negatively affects GDP growth in the observed countries. The decline in the variable is of the same magnitude (-1% below the steady state) and timing (the 1st quarter after the impulse) in all countries. In other words, an increase in euro area short-term money market interest rates leads to a lower growth rates in neighboring CEE economies. Similar observations have been made by Benkovskis et al. (2011), Cecioni and Neri (2010), and Blaes (2009). The size of the effect, however, is higher than the ones noted by the mentioned researchers. The disparity can be attributed to the different time samples studied.
The local currency is depreciating against the euro, and the effect is significant for three out of four countries – the Czech Republic, Hungary, and Poland. Therefore, we find some evidence for the exchange rate channel. A tighter monetary policy in the euro area induces capital outflows from the CEE countries and cause the currency to depreciate. This might increase the competitiveness of local goods in both internal and external markets; however, the impact is not sufficient enough to be translated into a higher GDP growth. The same conclusion was drawn by Benkovskis et al. (2011) in their study of the ECB spillovers to the CEE region.
When it comes to inflation, we find a positive effect of target shock in the Czech Republic and Romania, whereas no impact has been detected in other two countries. According to our findings, the target shock leads to 0.1% price growth in Romania, whereas the growth in the Czech Republic is only 0.05%. 
Another asymmetric impact of the shock has been discovered for stock prices, which increase by approximately 2.5% in the Czech Republic, Hungary, and Romania, while the quantitative effect for Poland is around 2%. All countries experience this reaction in the 4th quarter after the target shock.[image: Chart
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Figure 6. Hungary variables response to Target shock (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). Figure made my authors. 
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Figure 7. Poland variables response to Target shock (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). Figure made my authors. 
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Figure 8. Romania variables response to Target shock (from left to right: change in inflation, change in exchange rates, change in GDP, change in stock prices, change in interest rate). Figure made my authors. 
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Figure 9. The Czech Republic variables response to Target shock (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). Figure made my authors. 

[bookmark: _Toc99919340]4.3 Effects from Forward Guidance and Timing shock
The Timing shock results in a slight decrease in the GDP growth in the Czech Republic, Poland, and Hungary around the fourth quarter, while no response was distinguished for Romania. (Appendix 1)  Further, we observe a non-significant fluctuation around the baseline up to the eleventh quarter, while in the Czech Republic and Hungary case, we attest a positive effect. 
The FG shock mainly presents consistent effects on the studied macro-financial variables for all the four CEE countries. On average, as a response to the FG shock, we find a sizable rise in GDP growth during the model's first two to three quarters, which lowers and approaches its minimum in the seventh quarter. The effect on GDP is particularly high in Poland, namely, the shock results in a 1.2% increase. In the Czech Republic, the magnitude of the response is expected to be 0.6%. Our results seem to be consistent with the findings of previous studies, which find positive spillovers of an FG shock to the output of emerging countries (Lewis and Roth, 2015; Peersman, 2011). 
There are several potential reasons for such a response. For example, tighter financial conditions (or expectations of tighter monetary policy) in the euro area might cause capital outflows from the CEE countries. In fact, this would mean the depreciation of the local currencies. However, what we find is a statistically significant appreciation of all four currencies as a response both to Forward Guidance and Timing, with an especially large effect in Poland and Hungary (both countries also had the most significant GDP response). 
Another potential explanation is that the tightening in FG signals more robust economic conditions in the euro area. Thus, the tangent countries would expect higher economic demand, resulting in a positive shock in domestic GDP and the local currency.
The interest rates of the countries employed in the research were observed to react to the FG and Timing shocks in mixed ways. There was no significant reaction observed for Hungary in case of FG shock and for Poland in case of Timing shock. 
 In the Timing case, interest rates do not present any significant response to the shock except for Romania, where we observe a 0.04% rise in the third quarter. As a response to the FG shock, we follow the growth of interest rate in the Czech Republic had a significant increase in the sixth period. For Hungary, we attest no statistically significant changes. At the same time, in the case of Poland and Romania, the shock drives the interest rate growth up between the third and fourth periods to 0.2% and, respectively, 0.25%. While the interest rate does not show any other significant responses for Poland, we attest a second, more remarkable rise in the growth of Romania's interest rates in the eighth period, which is, again, consistent with the economic theory. A rise in local interest rates would prevent financial market participants from investing in Euro Area. The FG shock presents similar effects on interest rates as conventional monetary policies, as observed by Bundick et. Al. (2017). 
In the case of Romania and the Czech Republic, we do not observe a statistically significant response of inflation to the FG shock. There are signs of a slight drop in the inflation rates in the third and respectively fourth quarters for Poland and Hungary. Meanwhile, the Timing shock attests the inflation of Poland, Hungary, and the Czech Republic undergoing a drop in the second period with the biggest decline being attested in Hungary – up to -0.1%. In the case of Romania, we attest the effect of the shock only in the sixth quarter – a decrease of -0.05%. This could be due to lower imported inflation from the euro area or tighter domestic monetary policy expectations. 
FG shock was identified to positively impact changes in stock prices up to the second period, where a slight increase in the growth rate is distinguished. The response is coherent with the signaling effect and positive expectations on future demand and growth. However, in the case of Romania, there is a slight decrease in the growth of stock prices. As for the timing shock, we did not observe any spillovers to stock prices.
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Figure 10. The Czech Republic variables response to FG shock (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). Figure made my authors. 
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Figure 11. Hungry variables response to FG shock (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). Figure made my authors. 
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Figure 12. Romania variables response to FG shock (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). Figure made my authors. 
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Figure 13. Poland variables response to FG shock (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). Figure made my authors. 
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In this study, we examined the spillover effects from ECB monetary policies on CEE countries’ GDP, interest rates, inflation, exchange rates and stock prices. In particular, we were interested in how the four policy shocks extracted from the EA-MPD Database, i.e., Target, Timing, FG and QE shock (Altavilla et. al., 2019) affect the aforementioned variables. The central point of our research is being able to accurately distinguish the shocks measured in the interval between the monetary policy announcement and further press conference. We identify them using high frequency data and introduce euro area GDP and inflation to the model in order to control for prevailing macroeconomic conditions. Additionally, we are advantaged by the extended time-span data set – one of the main limitations of the previous research in this area.
The findings reveal heterogeneous responses of the GDP growth in the emerging countries to different monetary policy shocks. We observe a statistically significant immediate positive response to the FG shock, which might be consistent with signalling channel, i.e., better macroeconomic conditions in the euro area which would raise economic activity also for the trading partners (without currency depreciation). There is, however, attested a decrease in the GDP growth as a result of timing, target, and QE shock (the latter was observed in the case of the Czech Republic and Romania). The decrease in GDP point to aggregate demand channel, according to which tighter ECB monetary policy will diminish economic activity in the euro area leading to less demand for imports from the CEE. 
We obtain evidence of appreciation of the local currencies as a response to FG, Timing and QE shocks. This supports the presence of the signalling channel, i.e., the emerging economies are expecting higher economic demand which leads to the appreciation of their currencies.  Target shock results in the depreciation of local currencies. As the tightening policy induced a capital outflow from the CEE countries it consequently led to the depreciation of the currency. This observation follows the concept of the exchange rate channel.
Further, we observe a particularly high rise in growth of interest rates with regard to the QE shock for the whole sample of countries and FG shock, in the case of Romania, Hungary and the Czech Republic. Nonetheless we were expecting to obtain a decrease in the interest rates as a response to the QE shock. A possible explanation for the identified result is that the rise will lead to the participants of the financial market investing locally and thus limiting the negative fluctuations of the exchange rate.
Lastly, we find an ambiguous response of the stock prices as a response to FG, Target, and QE shocks in the case of Czech Republic, Hungary and Poland. Inflation of the emergent countries experienced a drop caused both by QE and Timing shock, which we attribute to tighter monetary policy expectations, while the Target shock resulted in an increase of the inflation of the countries.
The paper faces several limitations. Firstly, in the light of the VARX model we are limited to setting a narrow spectrum of variables, which bounds the interpretation of results. Also, as explained previously, we were constrained to use a reduced sample to analyse the QE responses, which could negatively affect the accuracy of the results. Thus, the limitations of the paper open new directions for further study.
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[bookmark: _Toc268437084]This study contributes to the literature about the ECB monetary policy spillovers to the Central and Eastern European countries, namely the Czech Republic, Poland, Hungary, and Romania. The set of countries was chosen due to close trade relations with the euro area. Furthermore, given the ECB's relatively recent transition from conventional to unconventional policy instruments, this paper focuses on the latter. Given that policy is usually carried out after a thorough analysis of the current economic situation, some of its potential effects may be “priced-in” by financial market participants even before the ECB makes actual decisions. Therefore, to estimate the pure monetary policy effect, the shocks have been extracted with the help of high-frequency data provided by Altavilla et al. (2019). These shocks also make it possible to distinguish between different types of policies. In particular, there are four shocks extracted: Target shock which is associated with conventional monetary policy, Timing and Forward Guidance (FG) shocks related to the communication policies of the ECB, and QE shock which captures the surprise effects of Asset Purchase Programs. Further, the shocks along with macroeconomic variables of the specified countries were analyzed with the help of VARX model.
The empirical evidence suggests that the direction and magnitude of the spillover effects varies depending on the policy shock observed. Moreover, the timing of the response also differs depending on the shock. Generally, QE shock leads to the reaction of the variables in the long-term, whereas other shocks induce short- or medium-term effects. The findings show that Target and Timing shocks negatively affect the GDP growth, whereas FG causes a positive reaction. QE shock, however, provides inconclusive results with regards to the GDP growth. The local currency tends to appreciate in response to QE, FG, and Timing shocks, while the Target shock generate the opposite effect. In terms of short-term interest rates, we obtain uniform raise from the QE and FG policy shocks, whereas Target and Timing do not show any significant reaction. The effects of inflation as well as stock prices are ambiguous. When explaining the results, we found the evidence for exchange rate and signaling channels.
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Appendix A. Response of studied variables to Timing shock (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). 
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Appendix B. Response of studied variables to QE shock, initial atimespan (from left to right: change in stock prices, change in interest rate, change in GDP, change in inflation, change in exchange rates). 
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Appendix C. Unit root test for variables
Critical values: "-3.51 at 0.01 level, -2.89 at 0.05 level, -2.58 at 0.1 level"

	 
	dstock_RO
	dstock_PO
	dstock_CZ
	dstock_HU
	

	t-value
	-7.1206
	-6.7737
	-7.403
	-8.1953
	

	 
	HICP_PO
	HICP_RO
	HICP_CZ 
	HICP_HU 
	

	t-value
	-7.5018
	-5.1911
	-7.1365
	-7.5245
	

	 
	dGDP_RO
	dGDP_CZ
	dGDP_HU
	dGDP_PO
	

	t-value
	-10.8456
	-12.653
	-14.2686
	-13.7213
	

	 
	di_RO
	di_CZ
	di_PO
	di_HU
	

	t-value
	-7.9987
	-4.347
	-4.6691
	-7.2736
	

	 
	dEURCZ
	dEURHU
	dEURPO
	dEURRO
	

	t-value
	-6.8413
	-7.454
	-6.4311
	-5.972
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