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ABSTRACT
Employing unique data derived directly from Reuters electronic brokerage platform for currency trading, this paper investigates the reaction of investors to central bank announcements on foreign exchange market in Poland in years 1999-2003. Our sample period is also unique as it captures a time during which the National Bank of Poland (NBP) was transforming institutionally and switching to a new monetary policy regime, namely inflation targeting. Evidence indicates that central bank communication reduces the market uncertainty, measured here by the conditional variance of foreign exchange returns, and increases trading volume, suggesting that (i) the NBP pursued a transparent monetary policy as the foreign exchange market volatility declined, and (ii) there was an increase in market development due to higher trading volume. The findings suggest that in newly emerging economies with major institutional changes investors react significantly to central bank communication and central banks can contribute to market development. Our results have further broader implications for the applicability of micro-structure models and the role played by central banks during their early years in market development in emerging economies.
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1. Introduction

Since the early 1990s, many Central and Eastern European (CEE) countries have implemented major economic and financial reforms, including the establishment of an independent central bank, resulting in the emergence of new financial instruments and significant financial market development. Most of these countries have now joined the European Union (EU) since 2004 and some of these countries’ currencies are now included in the euro-zone. Despite significant reforms implemented, only a few empirical studies examine the developments in the financial markets of the new EU countries, however. In this paper, we focus on the Polish foreign exchange market returns and trading volume and provide evidence on how foreign exchange market investors react to public information arrival, measured by central bank announcements. 
We employ both a unique data set, which includes the foreign exchange market returns and volume of trade, and a sample period (1999-2003) that allows us to capture the reaction of investors to communications of a freshly instituted Monetary Policy Council (MPC) and a transforming new independent central bank. During our sample period, the National Bank of Poland had emphasized transparency as a key component of their monetary policymaking. Hence, our findings shed some light on the question of how a newly established institution implementing significant policy changes (namely, inflation targeting regime) along with a new institutional structure (i.e., a new independent central bank and the introduction of the MPC) in an emerging market economy affects investor behavior. In this paper, we are also particularly interested in uncertainty (i.e. risk) effects of central bank announcements during a period of major institutional changes. As the independent central banks in the CEE countries are relatively new, one of their key objectives is to provide a transparent central communication mechanism that would reduce the uncertainty in financial markets. Our paper is similar in sprit to a recent work by Gómez, Melvin and Nardari [1] who investigated the introduction of the new European Central Bank (ECB) and how ECB actions had affected investor reaction and hence the determination of the euro exchange rate.
Studying the Polish foreign exchange market is interesting and important for several other reasons. First, there is scant evidence on the impact of public information arrival in newly emerging European financial markets. It is well known that public information arrival, typically measured by the publicly released economic and financial data, is a building block of many theoretical models of asset price determination.
 Although the empirical evidence on linking public information to asset market behavior is still accumulating, the main focus has been mostly on industrial countries.
 Previous studies that have tested the importance of public information in explaining variation in asset returns in advanced markets typically indicate mixed evidence.
 Thus, our paper providing further evidence on the importance of public information arrival in an emerging EU market, contained in central bank announcements in the Polish foreign exchange market, contributes to this line of literature. To our best knowledge, there is hardly any evidence on the significance of public information arrival in Poland.

Second, the establishment of independent central banks in CEE countries is relatively new and there is therefore not much accumulated evidence whether central bank announcements in these economies can create wealth effects via movements in foreign exchange rates and reduce market uncertainty. 
Third, understanding the empirical link between monetary policy announcements, including those of money supply and exchange rate changes help better understand how monetary transmission mechanism works in emerging economies under significant institutional changes. Although the Polish market is relatively small, it is very dynamic and grows rapidly. It is expected that such a transmission channel, if it exists, will play a much more important role in the near future as the National Bank of Poland becomes much stronger institutionally and as Poland becomes an important financial market in the region and prepares for the euro-zone membership. If a significant empirical link exists between monetary policy announcements and foreign exchange market activity, then exchange rates could play a more important role in monetary policy decisions or policy rules. Hence, this paper contributes to the literature on the role of asset prices in the monetary transmission mechanism as well.

Fourth, previous studies, which are discussed in the next sections, mainly focus on stock markets with hardly any evidence from the foreign exchange market, especially from newly emerging EU markets. In this paper, we fill the gap in the literature by providing new evidence on the impact of central bank announcements on foreign exchange market returns and volatility in Poland.

Fifth, investor reaction in these countries can be different than that in other emerging markets due to different historical, cultural, and institutional factors that these countries have. In particular, investors may not react to “news” in a similar fashion as those in advanced market or emerging economies do. Finally, our results also have implications for short-run investors like speculators as we provide daily evidence whether central bank communication creates significant changes in market returns and trading volume. 

This paper is organized as follows. Section 2 provides a summary of the scant studies on the impact of announcements on financial markets in the newly emerging European markets. Section 3 discusses the policy of the NBP and the MPC decisions and describes the MPC communication policies during our sample period (1999-2003), capturing the early years of the Bank. Section 4 explains empirical methodology used, while section 5 presents and discusses the empirical results. Last section concludes the paper with policy implications of the findings.  

2. Literature Review


In this section, we focus only on studies investigating the impact of announcements on financial markets in emerging market countries and review the existing evidence for the CEE region. The available research results are limited and concern predominantly the reaction of prices (mainly in the stock market) but very few of them analyze the trading volume and the dynamics of market activity captured by such data (see e.g. Korczak and Bohl [21]). Certainly, no such study has been done yet using the currency market volume of trade data for any CEE country. It is also worthwhile to note that there are two streams of literature: one focusing on the impact of global news represented usually by the announcements made in the United States (US) and one on domestic news.


Wongswan [22] provides evidence about the impact of US monetary policy announcement surprises on equity indexes in developed and emerging economies. Presented results show large and significant response of Asian, European and Latin American equity indexes to US monetary policy announcement surprises at short time horizons. In the Wongswan [22] study, no CEE country was included (only some other emerging market countries in Asia and Latin America), however.


Nikkinen, Omran, Sahlström and Äijö [23] analyze the behavior of volatilities around ten important scheduled US macroeconomic announcements on stock markets in several world regions, including the Czech Republic, Poland, Hungary, Slovakia, and Russia. Using cross-sectional monthly data, they find that these markets as a group are not affected by US announcements. 


Hanousek, Kočenda and Kutan [24] analyze the impact of foreign macroeconomic announcements (from US and EU) on stock market returns using the intra-day data from the Czech Republic, Hungary, and Poland. They find that all these markets are subject to significant spillovers directly via the composite index returns from neighboring markets, or indirectly through the transmission of macroeconomic news.


Korczak and Bohl [21] investigate, among others, the changes in home market stock prices and trading volume around depositary receipts issuance on a sample of the Czech, Hungarian, Polish, Russian, Slovak and Slovenian stocks and report significant increases in both the stock prices and volume.


Another paper on the emerging markets, but analyzing different types of announcements, is the work by Kaminsky and Schmukler [25]. They investigate what types of local and neighboring-country news caused stock market movements during the Asian crisis. The results show that news about agreements with international organizations and credit rating changes turned out to be most important in explaining large movements in stock prices.


Ganapolsky and Schmuckler [26] analyze the reaction of Argentina's stock market index, Brady bond prices, and peso-deposit interest rates to policy announcements and news reports received by markets during the Mexican crisis of 1994–1995. Those announcements that were perceived as increasing the credibility of the currency board (i.e. the agreement with the International Monetary Fund, the dollarization of reserve deposits in the central bank, and changes in reserve requirements) had a positive impact on market returns. In a related paper, Robitaille and Roush [27] provide evidence about the impact of the US macro data and the FOMC announcements on the stock market index in Brazil and on the yield spread on the Brazilian government dollar-denominated bonds market.


These existing studies for emerging markets, especially those in CEE countries, have focused mainly on stock markets and there are only a limited number of papers, which concern other market segments. For example, Andritzky et al. [28] present investigation of the emerging market bonds reaction to macroeconomic announcements and demonstrate that all analyzed news affected bonds market volatility. However, the announcements appear to matter less for countries with more transparent policies and higher credit ratings. 

The work that is closer to ours is the recent undertaking by Serwa [12] who provides evidence on the short-run reactions of the emerging financial market in Poland to domestic central bank monetary policy announcements, measured by changes in the official interest rate. Serwa’s [12] findings show that only the short-term interest rates respond significantly to the official interest changes; the long-term interest rates, stock indices, and foreign exchange rates do react to monetary announcements in the expected direction. It is concluded that the unexpected monetary policy changes have stronger influence on the money market than the nominal changes in the official interest rate on the days of the monetary policy announcements. Our paper is different from his work. While Serwa [12] focuses on the official rate changes, we actually analyze a battery of announcements made by the Polish central bank, including those on monetary aggregates, and do not cover official rate announcements. Most importantly, we use a unique, proprietary data set that has not been used in the literature yet. 


In another paper related paper to ours, Rozkrut et al. [13] investigate the impact of statements of the key policy makers related to future monetary policy decisions (verbal statements reported by major news agencies and official communiqués of the central banks) on the exchange rates in three CEE countries: Czech Republic, Hungary and Poland. They found that the verbal comments of policy makers in the Czech Republic, Hungary, and Poland influence behavior of currency market and this effect, however, differs among the countries. Our paper also differs from Rozkrut et al. [13]. They examine verbal statements, while we focus on MPC communications. Again, we use a proprietary data set on the PLN/USD volume of trade, which had not been exploited in the existing literature before.

Overall, there are limited studies on emerging markets, especially on emerging EU markets, and they focus mainly only on the stock market with only some evidence documenting the responses of other instruments, such as bonds, interest rates and currencies. Most of these studies focus on financial market returns and do not examine findings for the trading volume. Our paper provides results for the foreign exchange market using not only the exchange rate returns but also foreign exchange (FX) volume of trade.
3. Central Bank Policy and Monetary Policy Council Decisions (1999-2003)

The National Bank of Poland (NBP) has become independent in the early 1990s as a result of political changes and economic reforms undertaken by the new Polish democratic governments, which came to power when the centrally planned economy collapsed in 1989. The Monetary Policy Council (MPC) was established in February 1998. The monetary policy of the NBP is in practice executed by the MPC, which consists of the president of the central bank who chairs the Council plus nine members appointed by the President, the Senate and the Sejm (Parliament).   
In September 1998, the MPC announced its “Medium-Term Strategy of Monetary Policy (1999-2003)” document [29], which introduced the Direct Inflation Target (DIT) and determined the medium-term monetary policy target, i.e. a consumer price growth rate reduction to below 4% in 2003.
 Since 1999 the Direct Inflation Target (DIT) strategy has been utilized in the implementation of the NBP monetary policy.
 Within the framework of this strategy, the Monetary Policy Council of the NBP defines the inflation target and then adjusts the NBP basic interest rates in order to maximize the probability of achieving the target. The NBP stated also that under the DIT system, the efficient co-ordination of monetary, income and fiscal policies becomes particularly critical. A possible inconsistency between these policies could undermine the credibility of the planned pace of disinflation. Using fiscal policy instruments and administrative price and wage adjustments, it was believed that the government can exert a significant impact on inflation. Therefore, a consistency between the fiscal stance and the inflationary target used by NBP would be the main criterion applied by the Council in the formulation of the opinion on the national budget. In order to foster the credibility of disinflation policy, the Council would make efforts ensuring a greater consistency between the information policies of the government and the central bank. 

NBP also believed that the increasing sensitivity of the Polish economy to the developments in international financial markets requires its stronger resilience, which, in turn, will influence the effectiveness of monetary policy. It stated that as a result it will be necessary to maintain sufficiently large foreign exchange reserves. These reserves ought to stabilize the Polish zloty (PLN) exchange rate in the event of significant disturbances in the foreign exchange market and to facilitate the rapidly expanding convertibility of the zloty and the increased debt repayments anticipated in the near future (Medium-Term Strategy of Monetary Policy (1999-2003) [29]).

Since the year 2000 the zloty exchange rate has been a floating exchange rate that is not subject to any restrictions. The central bank does not aim to set predetermined zloty exchange rates against other currencies. NBP reserves, however, the right to intervene if it deems this necessary in order to achieve the inflation target. It clearly states that foreign exchange interventions are a monetary policy instrument that may be used by the central bank. Exchange rate fluctuations exert a considerable impact on inflation, thus there may arise circumstances in which the MPC decides that it is necessary to intervene in the foreign exchange market in order to stabilize inflation. Should Poland join ERM II, interventions in the foreign exchange market may also be used for stabilizing the zloty exchange rate for the exchange rate stability criterion to be met (Monetary Policy Guidelines for 2009 [30]).

Overall, NBP believes that continued support for monetary policy by vigorous publicity is vital to reduce uncertainty and develop an understanding of the decisions made by the central bank among market participants. It also enhances the transparency and credibility of monetary policy. NBP aims at conducting an open attitude in its communication policy and believes that market participants have relatively little difficulty in assessing its decisions in terms of the achievement of the monetary objectives set by the bank. Furthermore, the NBP believes that active public relations policy contributes to increased responsibility and accountability of the central bank to market players for the monetary policy it conducts. Key instruments employed in public communication include quarterly inflation reports published by the bank, information from the Council’s meetings, other materials published on the NBP web site, press conferences, public speeches as well as participation in seminars and scientific conferences (Monetary Policy Strategy Beyond 2003 [31]). 
In this paper, we utilize the information about the announcements of the Council’s meetings during 1999-2003 obtained from the NBP, capturing the early years of the Bank, to test whether the NBP reduced market uncertainty and also contributed to market development, measured here by the conditional variance of returns and trading volume in the foreign exchange market, respectively. It covers announcements regarding liquidity (money supply and reserve money), balance of payments, official reserves, liquid assets, and liabilities in foreign currencies, foreign debt, and international investment position. Most of these announcements are published every month (see Table 1). The Council meets typically twice a month.  
[Table 1 around here]
4. Methodological Issues
In this section, we first model the trading volume followed by the foreign exchange returns. Because strong ARCH effects were detected in exchange rate returns and trading volume models, we utilize a GARCH(1,1) in modeling both variables.
4.1. Foreign Exchange Volume of Trade and Volatility
We propose to estimate the following GARCH(1,1) model of the PLN/USD volume of trade (
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 is defined as daily percentage change of the PLN/USD foreign exchange volume of trade. The original trading volume data were extracted directly from Reuters electronic brokerage platform for currency trading.
The announcements made by the Polish central bank allowed us to create the following dummy variables, which we used in this study: Money Supply (
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), Reserve Money (
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), Balance of Payments (
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), Official Reserves (
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), Liquid Assets and Liabilities in Foreign Currencies (
[image: image11.wmf]AL

), Foreign Debt (
[image: image12.wmf]FDEBT

) and International Investment Position (
[image: image13.wmf]IIP

). Our analysis relies on the information, obtained directly from the Polish central bank, about very exact time of the day when the announcements were made.
 Again, Table 1 provides a summary of the announcements.  

The announcements for Official Reserves and the Reserve Money were always made on the same day, so we could not create two identical dummies and, in consequence, we used only one of them (
[image: image14.wmf]RM

) for both those types of news. The 
[image: image15.wmf]IIP

 dummy had only one announcement in the analyzed period of time (and it was the last observation in the sample), so we removed it from our analysis. Regular announcements for the quarterly Balance of Payments started only after the end of our sample, so we did not consider this variable as our dummy either, but we could use monthly Balance of Payments (
[image: image16.wmf]BOP

), which had been released on the regular basis every month. The publication of data about Foreign Debt (
[image: image17.wmf]FDEBT

) began in the second quarter 2002. All other dummies were based on very regular, monthly frequency, announcements in the investigated data sample.

To test whether announcements have any impact of the conditional variance of volume, we also employ the following GARCH model where the dummy variables are now included in the conditional variance function:
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where:
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In this, previous and all other subsequent models the variable 
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 is defined as daily percentage change of the PLN/USD foreign exchange volume of trade.

4.2. Foreign Exchange Returns and Volatility

Similarly, we employ a GARCH(1,1) models to estimate the impact of central bank announcements on the PLN/USD exchange rate returns (
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where:
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We also test whether central bank announcements affect the conditional variance of returns by including the dummies in the conditional variance function:
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where: 
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In both models (5)-(6) and (7)-(8) the volume of trade 
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4.3. Discussion

It is important to note at this point that available announcement data provided by the National Bank of Poland does not allow us to separate announced information into different categories.
 For example, money supply announcements do not distinguish between increases and decreases in money supply. Because our purpose in this paper is to test whether or not NBP announcements have a significant impact on foreign exchange market activity, we do not consider this as a serious drawback. If news has asymmetric effects, we should have statistically significant changes in the foreign exchange returns in either direction. Our results for the mean equations therefore can be viewed as giving the net impact of announcements. Regarding the conditional variance, variance would change regardless of whether a particular news is bad or good (for example, if the news is good, investors will trade more (buying), but if it is bad, there will be again more activity (selling)). Regardless of whether the news is good or bad, such announcements would affect volatility. 
We also do not distinguish between good and bad news because such differentiation is in many cases unclear and it is a matter of a rather subjective judgment which information should be considered as good and which one should be interpreted as bad by various groups of investors. For example, some investors may treat an increase of certain macroeconomic figure as a favorable information while other investors may consider the same information as bad news, simply because they have different expectations regarding the change of that variable (and there is, obviously, no way of knowing what these expectations are and how they are structured across all market participants). 
5. Empirical Results

5.1. Data and Descriptive Statistics
In this paper we employ a unique data set. The data about the PLN/USD (zloty-US dollar) exchange rates and the PLN/USD volume of trade were obtained directly from Reuters and were drawn from this data original source: i.e. from Reuters electronic brokerage platform for currency trading. The uniqueness of this dataset is related to the fact that the FX market volume data is not publicly available because it is proprietary information of the companies that own and operate the currency trading platforms. Hence, it normally cannot be easily accessed and used for research. The information about the dates when the news was released by the NBP was obtained directly from the Polish central bank.

The data for exchange rates and volume of trade has daily frequency. The volume data was available in the Reuters database as both the dollar value and as the number of trades. As in the study of Brzeszczynski and Melvin [32] we have chosen the number of trades as an indicator of trading activity because it does not include the effect of exchange rate changes, which might result in misleading characterization of trading intensity.

The Reuters database covers the period from 1 January 1999 to 7 October 2003.
 Our analysis concerns, however, the time from August 2000, which is the first month when regular announcements by the Polish central bank started
, until the end of September 2003 (last full calendar month in the Reuters volume database) and contains a total of 792 daily observations (after filtering out low volume days). Again, this time period corresponds to a major institutional change as the Polish central bank was in the initial stages of its development as an institution in a market economy setting and just began the initial implementation of inflation targeting regime. As a result, our findings allow us to capture the reaction of market participants to central bank communication by a newly institutionalized central bank and MPC, while, at the same time, switching to a new monetary policy regime, providing a unique laboratory to understand the behavior of traders during such an extraordinary set of events. 
Another important benefit of using this dataset is that Reuters electronic brokerage platform has the highest market share in the global currency market trading among all other similar dealing systems. According to the information we received from the officials at the National Bank of Poland and Reuters in Warsaw who had access to data in the early 2000s, in the period of time analyzed in this paper Reuters served over 90% of transactions in the Polish zloty in the market in Poland and about 50% in the zloty off-shore market.
Raw data has been adjusted by removing the low volume days, such as holidays and Sundays (which contained accidental outliers).
 The procedure for removing low volume days has been similar to the one applied in Brzeszczynski and Melvin [32] in the study about the EUR/USD volume of trade. Figure 1 and 2 plot the returns and trading volume using daily data.
[Figures 1 and 2 around here]
Table 2 provides descriptive statistics for both foreign exchange rate returns and trading volume. Returns are calculated as holding period returns using the first opening price and last closing prices on every day. For the volume we used the percentage change of PLN/USD number of trades on every day. During our sample period, the daily foreign exchange rate returns ranged from -2.6 percent (minimum) to 4.3 percent (maximum), while the trading volume changes were between -74 percent  (minimum) and 268 percent (maximum). As expected, the trading volume is much more volatile than the exchange rate returns. 
[Table 2 around here]
5.2. Results for the PLN/USD Volume of Trade
Table 3 presents the estimates of the dummy variables for the GARCH(1,1) model of the PLN/USD volume of trade percentage changes (
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 To capture the lead and lag effects of the announcements, all variants of the model were estimated with all the NBP dummies for 
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 days. For space considerations we only report the coefficients for the dummy variables in this and all other tables. The detailed results are available from the authors.
[Table 3 around here]
Statistically significant results were found for the announcements 
[image: image45.wmf]MS

 and 
[image: image46.wmf]BOP

 for 
[image: image47.wmf]2

t

-

, 
[image: image48.wmf]AL

 and 
[image: image49.wmf]BOP

 for 
[image: image50.wmf]1

t

-

 and 
[image: image51.wmf]AL

 and 
[image: image52.wmf]BOP

 for 
[image: image53.wmf]t

. All the significant estimates for the announcement day 
[image: image54.wmf]t

 were positive, indicating an increase in trading volume. Significant lag effects for 
[image: image55.wmf]MS

, 
[image: image56.wmf]BOP

, and 
[image: image57.wmf]AL

 may be explained by some anticipation and correction mechanisms. In other words, traders might have underreacted or overreacted to the announcement before time 
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 and corrected their behavior later on the day when the actual announcements data were released. The results also suggest that traders pay attention to money supply, balance of payments as well as developments in liquid assets and liabilities in foreign currencies in their positioning decisions.

We also report some diagnostic tests in Table 3 (and the consequent tables) for serial correlation and remaining ARCH effects in estimated models. The results in Table 3 (and others) indicate that the models do not suffer from serial correlation and capture well all ARCH effects present in data.
Table 4 reports the estimates of the GARCH model for volume of trade percentage changes where the dummy variables are included in the conditional variance function (i.e. equation (4)). 
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 announcements are significant at all days except at 
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. They tend to reduce the market volatility at all dates except at the date of announcement during which the volatility rises. Overall, evidence in Table 4 shows an increase in the volatility of trading volume on the days when the NBP announcements are revealed, suggesting that investors trade more aggressively, further supporting the findings in Table 3 that trading volume rises on the days of NBP communications. One potential reason for the higher trading volume is a decline in foreign exchange market uncertainty (i.e. volatility) due to central bank communication, which is examined in the next sections. are
[Table 4 around here]
5.3. Results for the PLN/USD Exchange Rate

Analysis of models with exchange rate returns as the dependent variable allows us to further investigate the impact of NBP announcements on foreign exchange market activity.

Table 5 presents the estimates of the dummy variables for the GARCH(1,1) model of the PLN/USD exchange rate returns (i.e. equation (5)). As previously, all variants of the model were estimated with all the NBP dummies for 
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[Table 5 around here]
The results reveal that both money supply (
[image: image79.wmf]MS

) and reserve money (
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) announcements, as well as foreign debt (
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) have a significant impact on foreign exchange returns. However, traders react to the impact of money supply data  on the day before the announcement date, suggesting some pre-news (anticipation) effects, while the reaction to both 
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 and 
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 is two days after the actual announcement. For the other announcements, there is no statistical significance across all dummies on the announcement days as well as in their leads and lags. These results suggest that traders mainly react to monetary policy (money supply and reserve money) and fiscal policy (foreign debt) announcements, while other announcements do not seem to affect the mean values of the foreign exchange rate returns. However, they may affect the volatility of the series.

Table 6 reports the estimates of the GARCH model for exchange rate returns where the dummy variables are included in the conditional variance function (i.e. equation (8)). The results suggest that those announcements that affect the mean returns in the foreign exchange market also have significant volatility effects. In other words, 
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 announcements all are significant, while balance of payments (
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) and liquid asset (
[image: image88.wmf]AL

) announcements do not have any statistically significant content. All dummies that are statistically significant have in all cases negative signs (regardless of the lead or lag). These results suggest that the central bank communication resulted in a decline in market uncertainty as the zloty/dollar rate becomes less volatile on the days surrounding both monetary (
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 and 
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) and fiscal policy (
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) announcements. This decline in market volatility could be responsible for higher trading volume activity reported in Tables 3 and 4. The observation that some of the announcements are significant in the lead and lag days suggests some anticipation effects prior to a particular announcement and correction after it. The lead effects could also be due to information leakage.  
[Table 6 around here]
Overall, our results on the returns and volatility are consistent with previous studies on emerging markets summarized in the previous section. In particular, they are in line with Rozkrut et al. [13] who reported that verbal comments of policy makers in Poland (other two CEE central banks) influence behavior of currency market. An important exception is that of Serwa [12], who used the same sample period (1999-2003) as ours, and who reports evidence that foreign exchange rates do not react to monetary announcements in Poland. However, we find that monetary policy announcements do affect foreign exchange rate returns and also their volatility as well as, most of all, the foreign exchange trading volume and the activity of the currency market. The difference in results may be driven by different data sets, methodologies and/or measures of monetary policy used. While Serwa [12] applies official interest rates and an instrumental variable estimation approach to estimate the effect of surprise changes in the official rate on foreign exchange rate returns, we use monetary aggregate announcements (money supply and reserve money) and others and a GARCH model, which allows us to capture the time-varying volatility in returns and to estimate the volatility effects of central bank announcements.

5.4. Robustness Analysis
Cheung and Ng [33] suggest that the failure to include the dummy variables, which are significant in the variance equation of an ARCH class model, in the mean equation may affect the estimation results. 
We re-estimated all such variants as a robustness check for models (3)-(4) and (7)-(8) and the conclusions are as follows: (a) the estimates of the volume variable (
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) in the conditional variance function do not change almost at all; and (b) the estimates of the dummies in the conditional variance function in all cases change only marginally and they remain significant. What is also important is that all dummies, which are additionally introduced into the mean equation, are not statistically significant there. The estimates from the variants of models with statistically significant dummies included simultaneously in the variance and mean equations are very consistent and do not alter the overall picture either; hence we can conclude that all our estimation results are robust and are not influenced by the effect described in Cheung and Ng [33].
 
We also re-estimated our GARCH models under different distributional assumptions (Students’ t and generalized error distribution) and the estimates were very similar in terms of both magnitude and statistical significance to those reported here, which was based on the normal distribution using the Bollerslev-Wooldridge standard errors. Hence we can conclude that all our estimation results are robust to the change in distributional assumption about the error term.
During our sample period the euro was introduced and the new currency could have affected the foreign exchange activity in Poland. In addition, interest rate changes could have affected the movements in the foreign exchange returns and volatility. As an additional robustness tests, we estimated the models (1) to (8) with the following control variables: (i) interest rate differentials between the USA and Poland
 and (ii) return of the EUR/USD exchange rate (US dollar - euro). Figures 3, 4 and 5 show the EUR/USD exchange rate returns, levels of the PLN/USD and EUR/USD exchange rates and the US and Polish interest rates with its differentials, respectively. The interest rate differentials variable was not statistically significant in any of the equations, while the EUR/USD return was significant only for the PLN/USD exchange rate (i.e. equation (5)). Introduction of both control variables did not change any estimates of dummy variables, with only one small exception of model (5), where only the 
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 dummy gained significance in time 
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. The estimates of all other dummies in models (1) to (4) and (7)-(8) were nearly exactly the same as in the models without the control variables. These results indicate that our inferences are robust.
[Figures 3, 4 and 5 around here]
For space considerations, we only present the estimation results for model (5)-(6) with added interest rates differentials between the USA and Poland and the return of the EUR/USD exchange rate, i.e. the model (9)-(10):
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where:
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 - is the interest rates differential between USA and Poland and
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 - is the return of the EUR/USD exchange rate.
The results are reported in Table 7. They demonstrate the importance of the EUR/USD as an international currency for the PLN/USD exchange rate and confirms the robustness of the dummy estimates from the models without the control variables.
 The estimated coefficient is significant and negative and is similar in all models. It suggests that a 1 percent increase in the EUR/USD returns reduces the PLN/USD exchange rate by about 0.34 percent. 
[Table 7 around here]
Finally, we estimate a GARCH-in-mean model to further check the robustness of our findings. GARCH type model of the form (5)-(6) provides very useful information about the exchange rate returns variance 
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 (captured by equation (6)), which may be further exploited to investigate the impact of the PLN/USD exchange rate returns variance on the trading activity as measured by changes in the PLN/USD volume of trade. We check this effect using the GARCH-in-mean(1,1) model of the following form:
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where 
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 is the variance 
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 extracted from the PLN/USD exchange rate returns model (5)-(6) in its cleanest and simplest form, i.e. without the dummies 
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Next we estimate the GARCH-in-mean(1,1) models with dummies in the mean equation:
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and in the conditional variance function:
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The estimates of the dummies provide robustness check of our findings from previous models (i.e. equations: (1)-(8)) and the estimate of the parameter of the in-mean variable 
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 allows us additionally to check if the exchange rate volatility has an effect on the market activity as measured by the change in the trading volume.

We present the estimates of the dummies from the GARCH-in-mean models (15)-(16) and (17)-(18) in Tables 8 and 9. Main conclusion from Tables 8 and 9 is that the overall picture regarding the estimates of all dummies does not change and they are almost the same as the corresponding estimates in Tables 3 and 4. There exists only some small differences such as in Table 8 the 
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 dummy marginally looses significance for 
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 (the estimate equals 14.2482 and the p-value is: 0.1153) and in Table 9 the same dummy 
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 also marginally looses significance for 
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 (the estimate equals 1555.03 and p-value is: 0.1020). On the other hand, some other results have strengthened and the estimates gained significance (e.g. all estimates for 
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 in Table 9 are now significant including the estimate for 
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, which was not significant previously). Hence, we can conclude that the results form the GARCH-in-mean models are robust.
[Tables 8 and 9 around here]
Most importantly, the estimate of 
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 is in all models negative and consistently significant (predominantly at the 
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 level), which provides direct evidence that the reduction of volatility of the PLN/USD exchange rate has a positive effect on market activity, i.e. resulting in an increase of the trading volume. Hence, combining our findings together, the  results suggest that during our sample period central bank communication reduced market uncertainty, which helped increase market activity, measured here by trading volume, hence contributing to market development.
6. Conclusions and Implications
In this paper, we employ a unique database obtained directly from Reuters electronic brokerage platform for currency trading and estimate the impact of central bank announcements on investor behavior by examining changes in foreign exchange market returns and trading volume in the Polish market. The sample period studied (1999-2003) is interesting as it captures the time period where the National Bank of Poland had gained its independence and was experiencing key institutional developments as the Monetary Policy Council was established in 1998 and a new inflation targeting regime was introduced in 1999. 
We first have presented evidence from trading volume models and found that money supply, liquid assets and liabilities in foreign currencies and balance of payments all affect the currency market volume of trade. An important finding is that trading volume and its variance rise on the days of NBP announcements, suggesting that there had been an increase in investors trading activity when information is revealed by the central bank. 

Next, we have provided evidence from foreign exchange rate returns and volatility and found that central bank announcements regarding money supply, reserve money and foreign debt all affect the returns, while, in addition to these announcements, balance of payments and liquid asset news all affect conditional volatility of the foreign exchange returns. The conditional volatility of the returns declines in all cases, suggesting that the Polish central bank communication had resulted in a decline in the uncertainty (measured here by the conditional variance) in the foreign exchange market. We have also illustrated that the decline in the uncertainty contributed to the increase in  trading volume, suggesting that central bank communication can be useful for improving market development in terms of higher trading activity and reducing market volatility in the early years of financial market development. Overall, our evidence indicates that central bank announcements can play a  significant role  in emerging foreign exchange markets.
Our findings also have broader policy and theoretical implications. We find that central bank announcements in newly established emerging economy going through significant institutional developments and monetary policy changes may significantly affect trading volume by influencing investors’ decisions in the foreign exchange market. One implication of this finding is that nominal exchange rate and trading volume changes due to central bank communication may signal information about the transparency or predictability of an independent central bank and her actions during her early years. Also, the empirical link provided here between monetary policy announcements, including those of money supply and reserve money, and exchange rate changes may help better understand how monetary transmission mechanism works in emerging economies. The significance of public information arrival, contained in central bank announcements here, supports theoretical exchange rate models that emphasize the importance of public information arrival as well. Our evidence is preliminary. Further results from other central bank episodes are necessary to see whether our findings could have broader support.
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Table 1. Polish central bank (NBP) announcements in the period from August 2000 to September 2003.

	
	Number of announcements:
	Frequency:
	Other comments:

	Money Supply (
[image: image121.wmf]MS

)


	38
	Monthly
	Usually middle of the month

	Reserve Money (
[image: image122.wmf]RM

)


	38
	Monthly
	Usually 5th-7th calendar day of every month

	Balance of Payments (
[image: image123.wmf]BOP

)
	38
	Monthly
	Usually end of every month

	Liquid Assets and Liabilities in Foreign Currencies (
[image: image124.wmf]AL

)
	36
	Monthly
	Usually end of every month

	Foreign Debt (
[image: image125.wmf]FDEBT

)


	5
	Quarterly
	Usually end of every quarter of the year


Note: The publication of data about Foreign Debt started in the second quarter 2002.
Table 2. Descriptive statistics for returns of the PLN/USD exchange rate and percentage changes of the PLN/USD volume of trade, daily data (August 2000 – September 2003).

	
	 Returns of the PLN/USD exchange rate
	 Percentage changes of the PLN/USD 

volume of trade

	Mean
	0.0024
	10.5415

	Median
	-0.0483
	-0.5103

	Maximum
	4.3494
	268.8525

	Minimum
	-2.6184
	-74.2072

	Std. Dev.
	0.6551
	52.0938

	Skewness
	0.7388
	1.4949

	Kurtosis
	6.7863
	6.1273

	Jarque-Bera
	545.1399
	617.7465

	Probability
	0.0000
	0.0000


Table 3. Equation (1) results: model of the PLN/USD volume of trade percentage changes with dummy variables in the mean equation.

	
	
[image: image126.wmf]MS


Money Supply
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Reserve Money
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Balance of Payments
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Liquid Assets and Liabilities in Foreign Currencies
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Foreign Debt 

	t-2
	20.6911 *** 

(6.6205)
	-9.2968 
(6.4563)
	15.1718 *

(9.0897)
	14.7385 
(9.0999)
	-0.0738
(15.0355)

	t-1
	-6.7467
(6.9701)
	-1.6219
(6.7684)
	-22.0000 ***
(7.5400)
	-22.2324 *** 
(7.7277)
	-20.6032 
(20.7682)

	t
	-6.0347
(8.4010)
	10.7143
(10.277)
	22.4452 ***

(8.1839)
	23.2502 ***

(8.4068)
	22.2395 
(29.0749)

	t+1
	2.0382
(7.9579)
	5.3743 
(10.032)
	-6.4718
(7.1531)
	-7.0476
(7.3272)
	-14.0183 
(12.2345)

	t+2
	1.7506 
(7.3894)
	-8.1729
(7.5205)
	7.0752 
(6.4649)
	8.4899 
(6.6015)
	7.9058 
(15.7739)

	
	Q(10) = 6.06 (p=0.11)

LM(10) = 0.65 (p=0.77)

Log likelihood = 
-4087.79

	Q(10) = 5.95 (p=0.11)

LM(10) = 0.63 (p=0.79)

Log likelihood = 

-4089.36

	Q(10) = 6.66 (p=0.08)

LM(10) = 0.71 (p=0.72)

Log likelihood = 

-4085.09

	Q(10) = 6.89 (p=0.08)

LM(10) = 0.73 (p=0.69)

Log likelihood = 

-4084.88

	Q(10) = 6.13 (p=0.11)

LM(10) = 0.66 (p=0.76)

Log likelihood = 

-4091.083



Notes: Values of the standard errors in the brackets. The value of the Q(10) test for autocorrelation, the LM(10) test for any remaining ARCH effects and the log likelihood are indicated in the bottom row.

* - denotes significance at the 0.1 level

** - denotes significance at the 0.05 level

*** - denotes significance at the 0.01 level

Table 4. Equation (4) results: model of the PLN/USD volume of trade percentage changes with dummy variables in the conditional variance function.
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Foreign Debt 

	t-2
	401.32

(743.70)
	-234.26
(340.01)
	1723.19 **

(835.10)
	1578.22 *

(846.60)
	-1517.46 ***

(232.58)

	t-1
	-718.49
(481.63)
	-1204.85 * 

(664.56)
	-596.22 

(657.57)
	-556.01
(678.15)
	-1685.51 **

(655.41)

	t
	640.07
(1136.76)
	1505.42
(1196.69)
	1612.03 *

(955.02)
	1678.36 *

(982.54)
	2827.44 ** 

(1111.77)

	t+1
	52.41 
(516.69)
	134.20 

(529.45)
	-598.93 **

(287.00)
	-582.87 **

(291.43)
	-1044.41 ***

(251.27)

	t+2
	89.94
(477.16)
	71.79
(531.52)
	-411.62
(364.01)
	-400.98
(370.98)
	-780.56 

(518.15)

	
	Q(10) = 5.73 (p=0.13)

LM(10) = 0.61 (p=0.80)

Log likelihood = 
-4099.24

	Q(10) = 5.63 (p=0.13)

LM(10) = 0.60 (p=0.81)

Log likelihood = 
-4097.23

	Q(10) = 6.51 (p=0.09)

LM(10) = 0.69 (p=0.73)

Log likelihood = 
-4091.70

	Q(10) = 6.62 (p=0.09)

LM(10) = 0.70 (p=0.72)

Log likelihood = 
-4092.42

	Q(10) = 6.36 (p=0.10)

LM(10) = 0.68 (p=0.74)

Log likelihood = 
-4097.32



Notes: Values of the standard errors in the brackets. The value of the Q(10) test for autocorrelation, the LM(10) test for any remaining ARCH effects and the log likelihood are indicated in the bottom row.

* - denotes significance at the 0.1 level

** - denotes significance at the 0.05 level

*** - denotes significance at the 0.01 level

Table 5. Equation (5) results: model of the PLN/USD exchange rate returns with dummy variables in the mean equation (with percentage changes of volume in the conditional variance function). 
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	t-2
	-0.0074

 (0.1008)
	-0.0368

 (0.0682)
	-0.0338

 (0.0944)
	-0.0362

 (0.0924)
	0.1394

 (0.1896)

	t-1
	0.2164 **

(0.0888)
	0.0810

 (0.0947)
	-0.1189

 (0.1014)
	-0.1432

 (0.1060)
	-0.4058 

(0.3013)

	t
	0.0555

 (0.0704)
	-0.0019 

(0.1080)
	-0.0952 

(0.1008)
	-0.0594

(0.1012)
	-0.0825 
(0.1819)

	t+1
	0.0645

(0.0928)
	0.0319 
(0.1050)
	-0.0298 
(0.0814)
	-0.0215 

(0.0831)
	-0.1877

 (0.1822)

	t+2
	0.0144

 (0.0967)
	-0.1593 *

(0.0888)
	-0.0261

(0.0923)
	-0.0188

 (0.0961)
	0.3937 *** 

(0.1383)

	
	Q(10) = 8.10 (p=0.52)

LM(10) = 0.87 (p=0.56)

Log likelihood = -706.20


	Q(10) = 9.53 (p=0.39)

LM(10) = 1.01 (p=0.43)

Log likelihood = -707.11


	Q(10) = 9.41 (p=0.40)

LM(10) = 1.00 (p=0.45)

Log likelihood = -707.79


	Q(10) = 8.83 (p=0.45)

LM(10) = 0.93 (p=0.51)

Log likelihood = -707.76


	Q(10) = 4.93 (p=0.84)

LM(10) = 0.95 (p=0.48)

Log likelihood = -705.97




Notes: Values of the standard errors in the brackets. The value of the Q(10) test for autocorrelation, the LM(10) test for any remaining ARCH effects and the log likelihood are indicated in the bottom row.

* - denotes significance at the 0.1 level

** - denotes significance at the 0.05 level

*** - denotes significance at the 0.01 level

Table 6. Equation (8) results: model of the PLN/USD exchange rate returns with dummy variables in the conditional variance function (with percentage changes of volume in the conditional variance function).
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	t-2
	-0.0457

 (0.0841)
	-0.0904 ***

(0.0249)
	-0.0187

 (0.0861)
	-0.0251

(0.0909)
	-0.6915 

(0.4901)

	t-1
	0.0905 
(0.0748)
	0.0659

(0.0695)
	0.0773

(0.1028)
	0.0966

(0.1058)
	0.7052

 (0.6700)

	t
	-0.1020 **

(0.0439)
	-0.0088

(0.0338)
	0.0478 
(0.0549)
	0.0226 
(0.0527)
	0.0418 
(0.1229)

	t+1
	-0.0202

(0.0812)
	0.1422 
(0.1084)
	-0.0178

(0.0806)
	-0.0209 

(0.0815)
	-0.1223 

(0.0745)

	t+2
	0.0056 
(0.0944)
	0.0924 
(0.1253)
	0.0142

(0.1010)
	0.0176

(0.1010)
	-0.1672 *

(0.0866)

	
	Q(10) = 8.20 (p=0.61)

LM(10) = 0.83 (p=0.60)

Log likelihood = -707.92


	Q(10) = 9.98 (p=0.35)

LM(10) = 0.96 (p=0.47)

Log likelihood = -698.69


	Q(10) = 9.09 (p=0.43)

LM(10) = 0.94 (p=0.49)

Log likelihood = -707.12


	Q(10) = 8.92 (p=0.44)

LM(10) = 0.93 (p=0.51)

Log likelihood = -707.33


	Q(10) = 6.17 (0.72)

LM(10) = 0.13 (0.99)

Log likelihood = -757.27 




Notes: Values of the standard errors in the brackets. The value of the Q(10) test for autocorrelation, the LM(10) test for any remaining ARCH effects and the log likelihood are indicated in the bottom row. The estimates for the model with the FDEBT dummies exclude the volume variable in the conditional variance function (there was no convergence in any variant of this model when volume was introduced there).

* - denotes significance at the 0.1 level

** - denotes significance at the 0.05 level

*** - denotes significance at the 0.01 level

Table 7. Equation (9) results: model of the PLN/USD exchange rate returns with dummy variables in the mean equation (with percentage changes of volume in the conditional variance function) and with control variables (EUR/USD returns and interest rate differentials).
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	t-2
	-0.0404
 (0.0876)
	-0.0177
 (0.0656)
	-0.0418
 (0.0837)
	0.0062
 (0.0854)
	0.1350
 (0.2161)

	t-1
	0.1930 **

(0.0911)
	0.0176
 (0.0967)
	-0.0603
 (0.0974)
	-0.0403
 (0.1012)
	-0.3893 

(0.3011)

	t
	0.0594
 (0.0623)
	-0.0554 

(0.1256)
	-0.0290 

(0.0928)
	0.0151
(0.0924)
	0.2965 ** 
(0.1365)

	t+1
	-0.0007
(0.0825)
	-0.0045 
(0.0941)
	0.0308 
(0.0760)
	0.0364 

(0.0782)
	-0.1397
 (0.2148)

	t+2
	0.0447
 (0.0861)
	-0.1449 *

(0.0888)
	-0.0785
(0.0691)
	-0.0649
 (0.0708)
	0.3128 *** 

(0.1201)
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	-0.0051
(0.0052)
	-0.0052
(0.0053)
	-0.0054
(0.0052)
	-0.0055
(0.0052)
	-0.0052
(0.0053)
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	-0.3419 ***
(0.0274)
	-0.3419 ***
(0.0280)
	-0.3430 ***
(0.0277)
	-0.3438 ***
(0.0278)
	-0.3459 ***
(0.0279)

	
	Q(10) = 9.40 (p=0.49)

LM(10) = 0.92 (p=0.51)

Log likelihood = -641.32

	Q(10) = 8.73 (p=0.56)

LM(10) = 0.85 (p=0.58)

Log likelihood = -642.77

	Q(10) = 8.01 (p=0.63)

LM(10) = 0.79 (p=0.64)

Log likelihood = -643.45

	Q(10) = 8.01 (p=0.63)

LM(10) = 0.80 (p=0.63)

Log likelihood = -643.81

	Q(10) = 8.34 (p=0.60)

LM(10) = 0.83 (p=0.60)

Log likelihood = -640.92



Notes: Values of the standard errors in the brackets. The value of the Q(10) test for autocorrelation, the LM(10) test for any remaining ARCH effects and the log likelihood are indicated in the bottom row.

* - denotes significance at the 0.1 level

** - denotes significance at the 0.05 level

*** - denotes significance at the 0.01 level

Table 8. Equation (15) results: model of the PLN/USD volume of trade percentage changes with dummy variables in the mean equation and with the variance of exchange rate returns 
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 as the in-mean component in GARCH-in-mean specification.
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	t-2
	21.7310 *** 

(6.5809)
	-9.7492 
(6.3629)
	14.2482
(9.0481)
	13.9027 
(9.0628)
	-1.3185 
(15.2278)

	t-1
	-6.7627 
(6.9566)
	-0.9899 
(6.6689)
	-22.7399 ***

(7.4802)
	-22.9792 *** 
(7.6540)
	-20.7587 
(20.9779)

	t
	-4.5936 
(8.3531)
	10.6599 
(10.2045)
	21.4966 ***

(8.0929)
	22.346 ***

(8.2976)
	22.4321 
(28.3213)

	t+1
	1.7679 
(7.8424)
	5.0277 
(9.9685)
	-6.5040 
(7.3173)
	-7.0130 
(7.4861)
	-14.5705 
(11.7650)

	t+2
	1.4635 
(7.2501)
	9.0382
(7.4806)
	6.1305 
(6.3594)
	7.6770 
(6.4843)
	8.5955 
(15.4225)
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	-20.7813 ***

(7.3623)
	-19.6933 ***

(7.4353)
	-18.1294 **

(7.6797)
	-18.3238 ***

(7.6637)
	-19.5495 ***

(7.5246)

	
	Q(10) = 4.37 (p=0.22)

LM(10) = 0.60 (p=0.81)

Log likelihood = 

-4084.61
	Q(10) = 4.25 (p=0.24)

LM(10) = 0.62 (p=0.80)

Log likelihood = 

-4086.45
	Q(10) = 5.71 (p=0.13)

LM(10) = 0.68 (p=0.74)

Log likelihood = 



-4082.73

	Q(10) = 5.80 (p=0.12)

LM(10) = 0.71 (p=0.72)

Log likelihood = 

4082.46

	Q(10) = 4.69 (p=0.20)

LM(10) = 0.63 (p=0.79)

Log likelihood = 

-4088.24


Notes: Values of the standard errors in the brackets. The value of the Q(10) test for autocorrelation, the LM(10) test for any remaining ARCH effects and the log likelihood are indicated in the bottom row.

* - denotes significance at the 0.1 level

** - denotes significance at the 0.05 level

*** - denotes significance at the 0.01 level
Table 9. Equation (18) results: model of the PLN/USD volume of trade percentage changes with dummy variables in the conditional variance function and with the variance of exchange rate returns 
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 as the in-mean component in GARCH-in-mean specification.
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	t-2
	474.45 
(720.32)
	-223.09 
(325.87)
	1667.50 **

(800.61)
	1529.14 *

(812.46)
	-1399.84 ***

(256.02)

	t-1
	-675.03 
(486.47)
	-1292.81 ** 

(592.84)
	-547.28 
(620.02)
	-506.69 
(638.15)
	-1498.68 **
(673.51)

	t
	639.37 
(1175.96)
	1532.42 
(1190.95)
	1555.03
(950.85)
	1617.33 *

(979.16)
	2626.48 ** 

(1213.03)

	t+1
	78.09 
(523.68)
	82.50 
(509.10)
	-546.61 *

(289.61)
	-530.57 *

(294.29)
	-933.11 ***

(278.58)

	t+2
	46.66 
(474.82)
	102.41 
(526.18)
	-465.54 
(341.42)
	-463.06
(347.94)
	-875.10 * 
(485.91)
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	-19.0794 ***

(7.2288)
	-19.8993 ***

(7.0695)
	-17.8991 **

(7.4503)
	-18.0923 **

(7.4405)
	-21.3710 ***

(7.2658)

	
	Q(10) = 4.76 (p=0.19)

LM(10) = 0.59 (p=0.82)

Log likelihood = 

-4096.44

	Q(10) = 4.81 (p=0.19)

LM(10) = 0.61 (p=0.81)

Log likelihood = 

-4094.05

	Q(10) = 5.40 (p=0.15)

LM(10) = 0.63 (p=0.79)

Log likelihood = 

-4089.28

	Q(10) = 5.53 (p=0.14)

LM(10) = 0.64 (p=0.78)

Log likelihood = 

-4089.97
	Q(10) = 8.10 (p=0.15)

LM(10) = 0.69 (p=0.74)

Log likelihood = 

-4119.15



Notes: Values of the standard errors in the brackets. The value of the Q(10) test for autocorrelation, the LM(10) test for any remaining ARCH effects and the log likelihood are indicated in the bottom row.

* - denotes significance at the 0.1 level

** - denotes significance at the 0.05 level

*** - denotes significance at the 0.01 level
Fig. 1. Returns of the PLN/USD exchange rate, daily data (August 2000 – September 2003).

 [image: image167.emf]-3.00%

-2.00%

-1.00%

0.00%

1.00%

2.00%

3.00%

4.00%

5.00%

Aug-00Sep-00Oct-00Nov-00Dec-00Jan-01Feb-01Mar-01Apr-01May-01Jun-01Jul-01Aug-01Sep-01Oct-01Nov-01Dec-01Jan-02Feb-02Mar-02Apr-02May-02Jun-02Jul-02Aug-02Sep-02Oct-02Nov-02Dec-02Jan-03Feb-03Mar-03Apr-03May-03Jun-03Jul-03Aug-03Sep-03


Fig. 2. Percentage changes of the PLN/USD volume of trade, daily data (August 2000 – September 2003).
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Fig. 3. Returns of the EUR/USD exchange rate, daily data (August 2000 – September 2003).
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Fig. 4. Levels of the PLN/USD and EUR/USD exchange rates, daily data (August 2000 – September 2003).
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Fig. 5. Interest rates and interest rates differentials between Poland and USA (FOMC fed funds rate and NBP Stopa Referencyjna), daily data (August 2000 – September 2003).
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FOMC Fed Funds Rate NBP Stopa Referencyjna Differential


� For example, the mixture of distributions model (MODM) and the recent microstructure theories rely on public information arrival to explain movements in asset returns. MODM models are associated with Clark [2] and Tauchen and Pitts [3], while microstructure theories are reviewed in O’Hara [4] and Lyons [5].


� Melvin and Yin [6] and Edmonds and Kutan [7] provide a review of recent work.


� See, for example, Cutler et al. [8], Berry and Howe [9], Mitchell and Mulherin [10] and, Andersen et al. [11].


� To our best knowledge there are two other related studies on Poland (see Serwa [12] and Rozkrut et al. [13]). Our paper is quite different from these studies, however. We explain the differences between our and their contribution in the next sections.


� For a review of these issues, see Modigliani [14], Mishkin [15] and [16], Kamin et al. [17], Gilchrist and Leahy [18], and Ehrmann and Fratzscher [19].


� Poland is the largest currency market in the CEE region. According to the Bank for International Settlements (BIS) triennial reports, the snapshot surveys conducted in 2001, 2004, 2007 and 2010 show that it was roughly twice as large in size as the second biggest markets in the Czech Republic and in Hungary (see: Triennial Central Bank Survey, September 2010 [20]).


� MPC believed that the adoption of the DIT strategy was the most beneficial as other strategies (i.e., monetary aggregate or exchange rate targeting) did not guarantee a lasting reduction of the inflation rate (in the case of the monetary aggregates control) or exposed the economy to the risk of serious distortions on the financial market with all their adverse consequences for the real economic sector (with maintained exchange rate targeting).


� According to the Article 227, Paragraph 1, of the Constitution of the Republic of Poland “the National Bank of Poland shall be responsible for the value of Polish currency”. The Act on the National Bank of Poland of 29 August 1997 states in Article 3 that “the basic objective of NBP activity shall be to maintain price stability, and it shall at the same time act in support of Government economic policies, insofar as this does not constrain pursuit of the basic objective of the NBP”. 





� After the year 2003, which is the period beyond our study, the NBP changed its policy due to a low inflation. After a long period of lowering the inflation rate, its monetary policy after 2003 was oriented towards its stabilization at a low level. Equally important, the Council believed that Poland’s prospective membership in the EU beginning in 2004 necessitated the stabilization of inflation at a level consistent with an economic policy strategy that assumes Poland’s joining the euro-zone at the earliest date possible (Monetary Policy Strategy Beyond 2003 [31]). Since the beginning of 2004, the NBP has pursued a continuous inflation target at the level of 2.5% with a permissible fluctuation band of +/- 1 percentage point. The MPC pursues this strategy under a floating exchange rate regime. The NBP maintains interest rates at a level consistent with the adopted inflation target by influencing the level of nominal short-term interest rates on the money market. The set of monetary policy instruments used by the NBP enables it to determine interest rates on the market. These instruments include open market operations, reserve requirements and credit-deposit operations (Monetary Policy Guidelines for 2009 [30]). Currently, the basic objective of the monetary policy (conducted from 2009) is to maintain inflation at the level of 2.5% in the medium term. At the same time, monetary policy will continue to be conducted in such a way as to support sustainable economic growth.


� Prior to 1st March 2006 all regular announcements were always made at 4:00 p.m. (after that date at 2:00 p.m.).


� To deal with the endogeneity bias issue we also tried using one-period lagged volume variable in equation (6), and the results did not change qualitatively.


� The NBP announcements are usually disseminated only in numerical form (just the information about the new values of macroeconomic figures) without any verbal commentary, so it is also not possible to evaluate the meaning of such news using the context of any accompanying descriptions because they are simply not reported by the central bank NBP.


� This is the time frame that the data provider released and no other, more recent information was made available at this time. Unfortunately, this is very typical in the microstructure finance and empirical research.


� Before that time, the central bank had a totally different method of information dissemination. There was no regular schedule, which would be published in advance. The NBP press office was sending the announcements only to selected news agencies (by fax). This means that not all market participants could be receiving the information at the same time (depending on which news agency service they subscribed and what was the delay of news publication in those agencies). Additionally, it is not possible to identify the exact time of those announcements. That is why we focus on this time frame in this paper. 


� The holidays were: Polish national holiday Independence Day (November 11), religious holidays (Easter on various dates, usually beginning of April; Christmas on December 25-26; August and June holidays, the latter two also on various dates), and other holidays (such as, e.g., May 1).


� All estimations are based on the normal distribution assumption about the error term and hetoroscedasticity-consistent errors (i.e. Bollerslev-Wooldridge hetoroscedasticity-consistent variance) are used.


� We also analyzed the robustness of those estimates in shorter sub-periods but the results are inconclusive due to lack of convergence of the estimation procedure in many models because of a very small number of observations in the time series that does not allow estimating a GARCH model (i.e. 396 for two equal sub-samples, 199 for four equal sub-samples etc.) All the robustness tests are available from the authors upon request.


� The US interest rate used is the FOMC Fed Funds Rate while the Polish interest rate is Stopa Referencyjna of the NBP.


� Estimation results for models (1)-(4) and (7)-(8) with control variables (interest rate differentials and EUR/USD exchange rate returns) are not reported here due to space considerations, but are available upon request.
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