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Abstract

We investigate the relation between the EUR/HUF exchange rate on the one hand and news announcements and order flow
on the other hand using intraday data. We extend the existing literature on foreign exchange market microstructure by
considering a small open transition economy. We find that the intraday exchange rate — independent from whether we focus
on the mean or the volatility — depends on both news announcements and order flow. We conclude that news on the
EUR/HUF market are transmitted directly via immediate reactions to news announcements as well as indirectly via order
flow. We decompose the news’ total effect on exchange rate and find that order flow accounts for approximately three
quarters, compared to one quarter for direct news impact. Although the HUF has been pegged to the EUR, the exchange
rate reacts qualitatively very similarly to exchange rates of major currencies as reported in the literature, but quantitatively
we observe a remarkable difference: the share of the indirect channel is higher on the EUR/HUF market. Furthermore we
extend the commonly used news by communication of central bankers and significantly improve the explanatory power of
the regressions. Our results imply that macroeconomic and microstructure variables together can explain a non-negligible
part of high frequency exchange rate movements and central bank communication is an important determinant of the
EUR/HUF rate.

JEL: F31, G14, G15
Keywords: microstructure, order flow, exchange rate, macroeconomic news, central bank communication.

Osszefoglalas

Irasunkban a forint—euro arfolyam, a fundamentumok és a devizapiaci tranzakciok kézotti kapesolatrendszert elemezziik na-
pon beliili adatok felhasznal4saval. Az elemzés egy kis, nyitott, feltorekvd piaci gazdasigra térténd alkalmazassal egésziti ki a
devizairfolyamok mikrostruktira-megkozelitésének — jellemz8en f6bb devizakkal foglalkozé — irodalmat. Empirikusan meg-
mutatjuk, hogy a makrogazdasagi hirek, bejelentések és az egyiranyu tranzakciokbdl szirmazé vételi/eladasi nyomas egyarant
befolyasolja mind az arfolyam szintjét, mind a volatilitdsit (ingadozasit). Eredményeink visszaigazoljik a nemzetkdzi tapasz-
talatokat: a makrogazdasigi bejelentések hatdsa részben kdzvetleniil, az arfolyam azonnali elmozduldsaval, részben kozvetet-
ten, a hir 4ltal kivaltott devizapiaci tranzakcidk informaciokozvetitd hatdsan keresztiil épiil be az drfolyamba. Ugyanakkor az
egyes kozvetit§ csatorndk relativ fontossagat tekintve érdemi eltérés mutatkozik a szakirodalomban jellemz&en elemzett f6bb
devizakhoz képest. A makrogazdasagi hirek 4drfolyamra gyakorolt teljes hatisinak dekomponélasa alapjan a hatds hiaromne-
gyed részét a devizapiaci tranzakciok kozvetitik, mikdzben a hir kozvetlen hatisa csak egynegyed részt tesz ki. Tanulmanyunk-
ban a makrogazdasagi hirek, bejelentések korét kibgvitettiik az irodalomban hagyomanyosan vizsgilt makrogazdasagi indika-
torok — inflacié, GDP stb. — mellett a jegybanki kommunikaciét megjelenitd véltozékkal is. A jegybank kommunikéciéjanak
bevondasaval a becslések magyarizo ereje szignifikdnsan javult, modelliink az 4rfolyamvéltozas szimottevd részét képes meg-
magyarazni. Ebbdl arra kovetkeztethetiink, hogy az arfolyam alakuldsdban — legalabbis magas frekvencian — a jegybanki kom-
munik4cié nem elhanyagolhaté szerepet jatszik.
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1 Introduction

During recent years there has been a growing interest in the microstructure of financial markets and the relations between
exchange rates, news and order flow. Whereas traditional macroeconomic models assume that news are directly transmitted

to prices, the microstructure approach explicitly assigns an important role to the process of trading.

The key concept is the order flow, showing a close empirical relation to the exchange rate (see e.g. Lyons, 2001; Evans, 2002;
Payne, 2003). The order flow is defined as the difference between trades initiated by the buyer, and trades initiated by the
seller of an asset. Therefore order flow can be described as buying (or selling) pressure on the market. Order flow significantly
differs from the turnover on the market. There are situations where the order flow is almost zero, if trades are symmetrically

initiated by buyers and sellers, although the turnover is high and vice versa.

Whereas in traditional asset market models information is assumed to be common, the microstructure approach claims that
information exists that is not shared by all market participants and/or is interpreted differently by them (see e.g. the models by
Kyle, 1985; Glosten and Milgrom, 1985; Evans, 1995; Evans and Lyons, 2006b). Thus, the trading mechanism itself becomes
an important feature. However, the microstructure approach does not insist that it is not the fundamentals, which drive prices,
but it focuses on the way potentially dispersed information about fundamentals is transformed to prices. Although some
standard assumptions of perfect markets are relaxed within this framework (i. e. perfect information, perfect competition), the
market may still be regarded as efficient in the sense, that prices reflect all known information. It implies that within both

frameworks the market reaction to public news announcements is expected to occur within very short time.

As dealers may revise their quotes based on news as well as on the quotes they receive from other dealers, one may distinguish
three different relations between news, order flow and the exchange rate (Evans and Lyons, 2006a; Sager and Taylor, 2006).
First, the information content of announcements, that is publicly available and evaluated in a similar manner by at least most
of the traders (the ‘common-knowledge’ part of macro news) affects prices directly and immediately. This channel directly
corresponds to what one would call a traditional exchange rate model. Second, there may be news that is not unambiguous
and difficult to interpret or not publicly available, so there can be a component of news that is not common-knowledge. In
this case, private information is dispersed and transmitted to prices via order flow (see also Evans and Lyons, 2002a; Osler,
2006). We refer to this channel as the indirect effect of macro news intermediated by the induced order flow. Third, order
flow unrelated to news announcements due to changing hedging or liquidity demands, or changing risk tolerances (Evans and
Lyons, 2002a) may also affect the exchange rate.

The relations between the different sources of exchange rate variation are illustrated in Chart 1. The main difference between
the microstructure approach and traditional asset price models is therefore that trading is considered as a substantial part

rather than an auxiliary activity to price formation and therefore deserves particular attention.

The recent empirical literature shows that particularly the first two channels of price impact are present on foreign exchange
markets: there is a vast empirical literature showing a significant relationship between high-frequency exchange rates and news
(Almeida et al., 1998; Andersen and Bollerslev, 1998a; Melvin and Yin, 2000; Andersen et al.; 2003; Bauwens et al., 2005)
and between exchange rates and order flow (Lyons, 1995; Payne, 2003; Yao, 1998). More recent papers simultaneously analyze

the relation between the exchange rate, news and order flow.

Love and Payne (2008) come for major exchange rates to the conclusion that news affects both, the exchange rates as well as
the order flow within a very short time, only one third of the news content immediately being impounded to prices, a result
that is roughly confirmed by Evans and Lyons (2006) for the USD/DEM rate. Both studies also find a significant increase of

the impact of order flow on prices around news announcements.

Evans and Lyons (2005), too, find for the USD/EUR that the impact of news on the order flow is stronger than on exchange
rate returns. Furthermore, they identify delays in the direct impact of news on the exchange rate and even longer ones for
the impact on order flow. In contrast, Berger et al. (2005) find a very quick reaction of the order flow on news, within one

minute.
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Cai et al. (2001) turn to the volatility of the JPY. They conclude that in 1998 order flow played a more important role than
news announcements and mainly contributed to the extraordinarily high volatility of the yen. Dominguez and Panthaki (2005)
come to the conclusion that both, scheduled and unscheduled news affect the volatility of the USD/EUR and the USD/GBP
rates. Frommel et al. (2008) find that the relation between order flow, news and the volatility of the EUR/USD rate depend

on the counterpart of one particular FX dealer.

While most of the literature focuses on exchange rates between the ‘big four’ USD, EUR (DEM), JPY and GBP, and there are
some papers dealing with smaller developed markets, such as the market for the Swedish (Lindahl and Rime, 2006) or
Norwegian krona (Rime, 2001), just fewer papers deal with microstructure of financial markets in Central and Eastern
European Countries (CEEC) (Hanousek and Podpiera, 2003 on the Czech stock market; Derviz, 2003 and Scalia, 2008 on
the efficiency of FX interventions, Menkhoff and Schmeling, 2008 on the Russian FX market). However, the small FX market
of a transition economy may show different characteristics than the markets for the major currencies. Besides the well known
facts that transition economies are characterized by large capital flows and frequent interventions by the central banks there
are two main characteristics that are directly linked to market microstructure: first, markets in transition economies are much
smaller, thus less liquid. Second, there may be more private information in the market. This may be due to the lower news
coverage, the low number of market participants, the more dynamic economic environment or simply structural deficits in an

evolving market. Both factors, liquidity and private information, are key determinants of a markets microstructure.

Another strand of literature focuses on the impact of central bank interventions and communication on the exchange rate.
A basic insight of the research on central bank interventions (for surveys see e.g. Sarno and Taylor, 2001; Vitale, 2007) is that
interventions are able to move the exchange rate. They affect the first two moments of the exchange rate (Scalia, 2008) and
the impact is usually stronger in emerging countries than in developed countries (Canales—Kriljenko, 2003). This may be due

to less sterilization, the market’s size and organization.

Besides direct interventions central bank communication may also be seen as a form of intervention, that is — although less
obvious at first sight — able to affect the exchange rate as well (Ehrmann and Fratzscher, 2007). There is a huge amount of
research providing some ambiguous empirical evidence on an impact of central bank communication on the exchange rate
(Fatum and Hutchinson, 2002; Fratzscher, 2004; Ehrmann and Fratzscher, 2007; Jansen and de Haan, 2005a; Jansen and de
Haan, 2005b; the survey in Blinder et al., 2008). The impact of verbal interventions or communication stems from their role
in anchoring expectations on future monetary policy, i.e. the signalling or expectation channel of monetary policy (Sarno and
Taylor, 2001), but also by functioning as a coordination advice for market participants (Reitz and Taylor, 2008). Thus,
communication may complement intervention (Beine, Janssen and Lecourt, 2004) or substitute it (Fratzscher, 2008).

Due to the more dynamic economic environment in a transition economy, verbal interventions may be more effective than in
developed markets. However, again most of the work deals with developed markets, mostly for the Fed, the ECB, the Bank
of England and the Bank of Japan, and there are only few papers that focus on transition economies: Rozkrut et al. (2007)
find for the Czech Republic, Hungary and Poland, that speeches about monetary policy affect the exchange rate. Egert (2007)
finds influence of central bank communication for Hungary, but not for other CEEC. He also concludes that the Hungarian
National Bank (MNB) used actual interventions very rarely, but mainly relies on verbal interventions. Gébriel and Pintér
(2006) show on a daily frequency that mainly MNB communication related to the future path of the interest rates and the
economic outlook were successful in influencing the EUR/HUF rate, the effects of exchange rate communication are

ambiguous and small.

The contribution of our paper to the literature is threefold:

First, we focus on a small, less liquid market in a transition economy. Our aim is to analyze, how much the results differ from
those for the major foreign exchange markets. One could expect a higher importance of order flow due to a higher share of
private information and a less stable and predictable economic environment.

Second, we use a broader data set of news, covering not only quantitative macroeconomic announcements, but also

communication variables. Again, the less stable economic environment, including uncertainty about monetary policy may lead

some importance of central bank communication, as it may anchor expectations. We also depart from most of earlier studies
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INTRODUCTION

in that we analyze the effects of the Hungarian quantitative news series individually and thus are able to compare the

importance of different news announcements.

Third, we had access to an outstanding quality database containing very detailed data from the Reuters D2000-2 trading
system, covering a period of two years, which is substantially longer than most of those used in the relevant literature on order
flow (e.g. 8-month-long period of Love and Payne, 2002; 4-month-long periods of Evans and Lyons, 2006; or Frommel et
al., 2008). We will use data with a frequency of one and ten minutes as well.

The outline of the paper is as follows: In section 1 we have given a brief overview on the role of order flow in the trading
process and recent empirical work. After describing the data in section 2, we present the empirical results in section 3. The
empirical analysis comprises four subsections: First, we address the question whether scheduled macroeconomic news releases
have an immediate impact on exchange rate and on order flows. Second, we investigate the exchange rate-order flow linkage
and its sensitivity to news announcements. In section 3.3 we decompose the news impact into a direct part and an indirect
part transmitted by order flow. Finally, we analyse the longer-term relationship between news, order flow and exchange rates
in section 3.4. Section 4 summarizes and concludes.

MNB WORKING PAPERS ¢ 2009/3
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2 Data set

The data set used in this study covers the whole years of 2003 and 2004 and contains exchange rate, order flow and
macroeconomic news release data. Our whole data set consists of three parts: the exchange rate data including the order flow,
macroeconomic announcements (quantitative data) and communication data (qualitative data). We will describe them briefly

in the subsequent subsections.
2.1 ORDER FLOW AND EXCHANGE RATE DATA

The data for the exchange rate and the order flow stems from the Reuters D2000-2 electronic trading system'. As the
competing electronic trading system EBS provides services on the EUR/HUF market only since February 2006 and the direct
bilateral interdealer trading is steadily loosing ground in the FX market (Rime, 2003) our data set can be assumed to cover
most of the whole interdealer EUR/HUF market”.

This part of our data contains details of all the posted quotes (time-stamp, entry type, price, quantity entered, quantity traded,

etc.) and the executed trades (time-stamp, trade price, quantity), but no information about the identity of market participants.

A number of additional advantages should be noted. First, with the help of “entry type” variable, which can be regarded as a
buy/sell indicator, the initiator of the trade can be determined quite easily without having to make uncertain assumptions.
Second, unlike in many other papers (Lyons, 1996; Love and Payne, 2002) the size of the trades is known, therefore order

flow measures can be computed more accurately, without any distortion.

Following the literature (Andersen et al., 2002; Bauwens et al., 2005; Berger et al., 2005) we exclude weekends and public
holidays from the data set due to the lack of trades and quotes during these days. For the same reason we drop the periods
from 17:30 CET to 08:00 CET next morning each day. There are few short time periods when the Reuters data feed was

broken, or other data problems occurred. We have removed these periods as well.

These data, which are accurate to the second decimal of the second, are then aggregated to two different frequencies: We use
1-minute frequency to analyse (1) the impact of five specific scheduled Hungarian quantitative news items on exchange rate
returns and order flow, (2) the linkage between order flow and exchange rate movements and (3) the joint dynamics of
exchange rate, order flow and pre-scheduled news. We use a 10-minute frequency to explore the relationship between an
extended set of news, order flows, exchange rate returns and volatility. This distinction is due to the characteristics of the
news variables and will be discussed in detail later. From these aggregated price series, we do then calculate the returns as 100
times the difference of the log prices. We use the quote series instead of the real transactions, as the number of real

transactions in the EUR/HUF market seems to be scarce for working such high frequencies.

The order flow is obtained by subtracting the seller-initiated traded quantities from buyer-initiated traded quantities
occurred within the given interval of 1 respectively 10 minutes. In the Reuters D2000-2 a trade may occur, because two
limit orders are paired by the system, or because a market order hits an existing limit order (which is the case in more than
75 per cent of all cases). In the first case the last limit order, the one that causes the trade, is regarded to as the initiating
order, whereas in the latter case the market order is the initiating one. This is in line with the microstructure literature
(Berger et al., 2005).

Doing so we get 293,550 observations for the 1-minute analysis and 29,355 for the 10-minute analysis left. Summary statistics
of the return and order flow series are presented in Table 1. Chart 2 shows the distributions of the order flow series at 1- and

10-minute frequencies.

! For a full description of characteristics and tendencies of spot FX market segments and the features of the available data see Lyons (2001).
? For a more extended specification of the given Reuters D2000-2 database, including a detailed description of data and a comparison to other datasources see Gereben
and Kiss M. (2006), where the same database is used as here.
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DATA SET

2.2 MACROECONOMIC ANNOUNCEMENTS

This part of the news database consists of 5§ quantitave news items containing the exact time, the announced value and the
market expectations for the included fundamentals. According to previous examinations, to the results of the existing
literature and to our intuition, four Hungarian macroeconomic variables are selected (CPI, GDP growth, budget deficit and
current account deficit), whose effects on the EUR/HUF market can be regarded as relevant. We also include the Monetary
Council meetings in this subset, as base rate decision are regarded as one of most important information among fundamentals
(Kiss M., 2004; Pintér and Wenhardt, 2004).’ For a brief description of the variables see Table 2.

We define the “news” component of these macro variables as the difference between the actual values and the expectations
that are extracted from the regular monthly survey conducted by Reuters Hungary among 15-25 market analysts. The only
exception is Monetary Council’s rate decision. This question has become standard in the survey only during 2003, so for our
sample period no expectation data are available. Therefore, we use the change in the short-term (3-months) government bond

benchmark yield as the measure of surprise, which is in line with the expectations hypothesis.

We use this surprise or news component of the macroeconomic announcements in absolute terms as well as in a standardized
manner that enables us to compare the relative impact of announcement categories. This approach has turned out to be
standard in the empirical literature (Balduzzi et al., 2001; Andersen et al., 2003; Love and Payne, 2008):

4,-E[4,] 1)
o]

S =

it

where A, is the announced value of data i, E[A, ] is the expected value of data 4, and & is the sample standard deviation of
A -E[A, ].}
1t 1,1

An announcement is regarded as “positive/good” (positively signed) if it implies the appreciation of the forint (i.e. lower-than-
expected inflation or deficit figures, restrictive base rate decisions) and is regarded as “negative/bad” analogously.’

As all these mentioned news items are pre-scheduled, i.e. market participants know the hour and minute of their release in
advance and may react within a very short time, an analysis at the high frequency of one-minute intervals seems to be most
appropriate to capture their effects on the exchange rate. Our methodology is based on the approach of Love and Payne

(2008), but with some necessary modifications.
2.3 COMMUNICATION VARIABLES

The second part of our news database includes qualitative and (mainly) non-scheduled news items concerning central bank
communication. We use news headlines reported on Reuters screen and all kind of written communication by the MNB to
create the variables describing central bank communication. We include only those items in the database containing some kind
of guidance about the future stance of monetary policy, and each statement counted only one time, when it is mentioned first.
Three main (monetary policy related) topics determine the content of the MNB’s communication: exchange rate (for
example, hints on the preferred exchange rate level, intervention), policy rate (hints on the short-term interest rate path),

economic outlook.

* Of course, we included the meetings, when the decision was no change. However, we excluded from the examination the decisions of the extraordinary meetings, as
they were announced unexpectedly under turbulent market circumstances, therefore market must have reacted to them in a very different way than to scheduled
interest rate changes. In addition, we excluded the so-called non-ratesetting meetings, as well, because according to the communicated policy Monetary Council is
not expected to make an interest rate decision at these meetings.

*In the empirical part of the paper we report results for both the absolute and the standardized measures of surprise, where it is meaningful and has additional
information content.

* Different theoretical exchange rate determination models differ in their predictions concerning the expected direction of the exchange rate response of news
surprises. For example, central bank reaction function model predicts appreciation after higher-than-expected inflation data, while the same surprise is expected to
cause depreciation according portfolio-balance approach (for more details see Hoffman and Schlagenhauf, 1985). We used an event-study analysis to the
classification, where the expected direction of the exchange rate response was not unambiguous. Our experiences were consistent mainly with the portfolio-balance
model.

MNB WORKING PAPERS ¢ 2009/3



MAGYAR NEMZETI BANK

Similarly as for the quantitative news in subsection 2.2, we transform the communication dataset into 3 dummy variables,
according to the “sign” of the news. Positive and negative news sum up to approximately 73 per cent of the selected
statements, while we consider the rest of the communication as being neutral.

We take into account that the same statement can carry different meanings at different points in time. We code the pieces of
news from the market participants’ point of view, so the sign of statements is determined compared to market expectations.
The comparison to market expectations is most important in case of interest rate communication, as a rising/declining interest
rate path was often present in expectations. Accordingly, we consider hints on a smaller cut than the anticipated interest rate
cut as tightening®.

We have performed the encoding of statements as follows: Four people compiled the data set, and then two of them again
checked the coding. Several people independently reviewed doubtful cases to reduce the subjectivity of the coding as far as
possible. This procedure already hints at this news category being a natural candidate for indirect price impact via order flow

as suggested by Evans and Lyons (2006), due to its narrative and sometimes-controversial character.

Only part of the communication (some pieces of written communication) is pre-scheduled. Most of the communication news
items appear without announcement in the Reuters newswire screen. This makes it difficult to determine the exact time when
these pieces of information arising from the central bank reach the market. For this reason, we conduct the part of the analysis

including communication variables at a lower, ten-minute frequency.

¢ As for the macroeconomic announcements, the difference between the three-month benchmark and the policy rate is considered as the anticipated interest rate cut.
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3 Empirical analysis

Due to the aforementioned attributes of our news variables the empirical analysis embraces two different time aggregation
frequencies — 1-minute and 10-minute intervals —, and according to characteristics of the specified approaches we used
different methodological approaches — event study, VAR and conventional regression analysis — to analyse how news, order

flow and exchange rate interdepend from each other. We proceed in four steps:

First, as a preliminary exercise we analyze the direct impact of news announcements on the EUR/HUF rate, without

considering the role of order flow.

Second, we investigate the relation between the exchange rate and order flow, and whether this relation changes during news

release times.

Third, we decompose the impact of news on the exchange rate into a direct and an indirect effect by means of a VAR. The
first three steps are performed in line with Love and Payne (2008) and applied to data at the frequency of one-minute

intervals.

Fourth, we add the communication variables to our system of equations and turn to a lower frequency of ten-minute intervals.
This approach covers effects on exchange rate returns as well as on the volatility of exchange rates and is in line with, inter
alia, Cai et al. (2001), Dominguez and Panthaki (2006) and Frommel et al. (2008).

3.1 THE IMMEDIATE IMPACT OF MACROECONOMIC NEWS ON EXCHANGE RATE AND
ORDER FLOWS

Following the approach by Love and Payne (2008), as a first step, we analyse the impact of the surprise content of
macroeconomic announcements on exchange rate returns and on order flows separately. Both traditional exchange rate
models and microstructure models imply that the market reaction to public macroeconomic news announcements is expected
to occur within very short time. Therefore, we begin our empirical analysis by testing two hypotheses, namely whether the
surprise component of the included announcements has significant influence on the EUR/HUF exchange rate (equation 2) and
on order flow (equation 3). We follow the commonly used approach by Andersen et al. (2003) and Berger et al. (2005) and
separately estimate the following equations for exchange rate returns and order flow:

!

Apr,n =0 i’ + z Bl{]mei,n,m-'- Er,n (2)

i=k

!
_ of
OF,, =a”+3 BN, ,,+n,, 3)
i=k
where Ap, is 100 times the logarithmic change in the exchange rate from time ¢-1 to time ¢ on day n, OF,  is order flow in
the same interval, in terms of million euro, and N, is the surprise component of news category m, €, and 7, are the error

7
terms.

We show results for each news category (CPI, GDP growth, C/A, budget deficit, base rate decision) and for absolute as well
as standardized news measures separately for a short event window with k=3, and with /=-1 minutes".

7 We use OLS for our estimations and correct the coefficient variance/covariance matrix using Newey-West standard errors to compensate for autocorrelation and
heteroscedasticity. This does, however, not substantially change the overall picture.

® Actually, we estimated the equations for k=60 and I=-10.There were, however, few significant coefficients and no clear pattern. Furthermore we only show the results
for the absolute measure as those for the relative measure are basically the same. We only refer to them in text if necessary. All results not shown here are available
from the authors on request.
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In Table 3. we report estimates for specifications with the absolute news measures. At a first glance, the overall picture is that
most of the macro news have significant immediate impact on returns as well as on the order flow. The comparatively low
R? imply that macroeconomic information accounts for only a small proportion of exchange rate variation. However, this is
partly due to the small number of news releases relative to the number of observations, as well and in line with the literature
(Love and Payne, 2002; Andersen et al., 2003).

Four out of the five announcements significantly affect both, the exchange rate as well as the trading pattern. In the majority
of cases the coefficients are significant and well-signed in the minute(s) right after the announcement. The only exception is
GDP releases, where — potentially due to the only eight GDP data releases in our sample — our data do not give evidence of
impact of GDP news neither on returns nor on order flow within short time. The effect of GDP news, if there is any, must
be slight, disperse and slowly impounded.

For the other news categories (CPI, budget deficit, C/A and monetary council meetings) we find similar patterns: there is an
immediate impact on the return as well as the order flow, these coefficients are signed as expected. For instance for CPI
surprises we find that 1 percent higher than expected inflation causes almost half a percent depreciation of the Hungarian
currency, and euro purchases/forint sales worth 17,2 million euro on average in the minute immediately following the release.

For CPI, C/A and the monetary council meetings we also find that the effects of a surprise last for several minutes.’

The standardized measures indicate that CPI surprises have the strongest impact: One “unit” of CPI surprise implies about
more than 4 million euro net one-sided trading. Furthermore, it causes an almost three times higher change in exchange rate,
than the second powerful one, the base-rate decision surprise. This latter even has twice more influence on exchange rate than
budget deficit and current account deficit surprises, which have approximately the same effect on exchange rate in the terms
of the size of the impact.

3.2 THE SENSITIVITY OF EXCHANGE RATE-ORDER FLOW RELATIONSHIP TO NEWS
RELEASE TIMES

In the preceding analysis we showed that news about fundamentals do not only influence exchange rate determination, but
also trigger net buying or selling pressure on the currency in accordance with the sign of the surprise. Thus, one should expect
that order flow is correlated with exchange rate returns, at least around news announcements. Therefore, we turn to the

examination of the potential connection between order flow and exchange rate.
First we estimate the following benchmark equation (4) to answer the question whether there is a relationship at all':
Ap,,=a" +B" OF,, +e, (4)

As the effect of order flow on exchange rate originates in conveying private or dispersed information, the association between
order flow and exchange rate may be quite different in the immediate aftermath of macro news releases. This can be justified
by theoretical models as Kyle (1985), where the market maker’s price sensitivity changes around news releases. There are
theoretical justifications for both, a weaker as well as a stronger connection between the exchange rate and order flow when

news is published:

If the new information is not ambiguous and is interpreted similarly by most of the market participants, then trades convey
less information about the fundamental value of the asset in the presence of news. Market makers may then update their
beliefs and change their quotes according to this unambiguous information instead of depending upon the noisy trading. This
attitude can cause a temporary disconnection between exchange rate and order flow. In addition, as liquidity and trading
activity are assumably higher around news releases (see Chaboud et al., 2004; Fleming and Remonola, 1999), due to the larger

volumes placed in the order book, a unity of trade might cause less price movement.

°In few cases, even a lead is significant, which may indicate position taking in advance (monetary council meetings) or just relate to the early release time or 8:30 a.m.
(C/A) when the trade intensity is low (Gereben and Kiss M., 2006).

' As earlier, here we also used OLS and corrected the coefficient variance/covariance matrix using Newey-West standard errors to compensate for autocorrelation and
heteroscedasticity.
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On the other hand, if traders disagree about the interpretation of a given piece of news, well-informed or “smart” market
participants are believed to trade more intensively around news releases. In this case dealers pay more attention to trading
activity, and increase the probability of private information content of one-sided flows. Under these circumstances a positive
(negative) order flow more probably indicates that the informed traders consider the asset more valuable (less valuable) than
its actual market price. Moreover, the previously demonstrated results from subsection 3.1 suggest a stronger connection, as

well.

Still following Love and Payne (2008) we use dummy variables to determine the answer by decomposing the impact of order
flow into two components: a “usual” part, and another one related to news release time. However, we depart from them in
the manner, that we let the additional impact differ across different kind of news items, as well, and we estimate the following

specifications for all included macro variables separately:

k
Ap,,=o+B,-OF,, +3,, OF,-1(),,+",, (5)
i=k
where I(i),  is a dummy variable indicating that a news release concerning macroeconomic variable 7 occurred in period ¢.
We adopt an event-study approach and estimate equation (5) only on announcement days, broken down by announcement

type."!

Regarding the results of equation (4) as a benchmark, we can now compare, whether the explanatory power of the model can
be improved by letting the coefficients of order flow differ from its usual level around news releases, and differ by
announcement types. We set k to 5, namely under the expression “around news releases” we mean the five minutes before
and after the announcements. Our estimation results for the benchmark regression and the five announcements separately are

presented in Table 4 and Table 5, respectively.”

First, order flow plays a significant role in exchange rate determination in the Hungarian FX market and corroborates
previous results on the EUR/HUF market obtained from daily data (Gereben et al., 2006) as well as the literature on other
exchange rates (see inter alia Evans and Lyons, 2002a). The parameter of order flow is positive and highly significant, the R’
is 1690.” A net excess of forint buyer-initiated trades is worth 1 million (in the base currency of euro) leads to about 0.01
percent appreciation of the forint (Table 4).

We run the regression over two subsamples (the year of 2003 and 2004) to check the robustness of the connection. The value
of order flow parameter 8 is the same in the subsamples as in the whole sample, so the regular impact of order flow on
exchange rate seems to be robust.

Second, as expected, the order flow parameter significantly changes at announcement times. All order flow coefficients are
highly significant (in the majority of the cases at 1%) and positive (Table 5), interestingly even in the case of GDP, for which
we did not find significant coefficients in the previous subsection. This means that order flow has a significantly larger impact
on the exchange rate, consequently it conveys additional private information about the fundamentals in the minute, when
scheduled public information reaches the market. The substantially increased R* show a close relation between order flow and

the exchange rate.

Consequently, these results provide evidence that around news announcements order flow plays a larger role in exchange rate
determination than at other times. If we put together this result and the previously found conclusion, that news strongly
influences order flow, we may assume that the total impact of new public information is transmitted to exchange rates
partially via order flow. In the following, we further explore this issue.

" We also estimated equation (5) only for announcement days, broken down by announcement type. Berger et al. (2005) apply this event-study approach similarly, but
do not use dummy variables and estimate the regressions only in the minute after the releases.

2 As well as in the previous section, due to convenience reasons we only report the results for i=—1to 1.

* However, it should be noted that the statistical power of the benchmark regression is lower to some extent (R’=16%), than is commonly found in the empirical
literature. This is probably due to the 1-minute frequency and the relatively low trading activity in Hungarian FX market compared to the big markets (EUR/USD,
JPY/USD etc.), as on average there is only one trade in every third minute. This view is confirmed by the fact that the R* was particluarly low during the first year of
our sample, when trading activity was much lower on the the EUR/HUF market (Gereben and Kiss M., 2006) and speculative attacks against the band took place.
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3.3 DECOMPOSING THE CHANNELS OF THE NEWS’ IMPACT - A MULTIVARIATE VAR
ANALYSIS

Now we carry on with the decomposition of exchange rate responses to news into direct and indirect (intermediated) parts,
and try to measure the contribution of order flows to total exchange rate responses to news. For analysing this issue and

testing the order flow intermediating role we estimate a VAR model for exchange rate changes and order flows, as follows.

R TN 1) PSRN PV 20
[OF;:|:(X +|:0:|OF; +ZFI[OF;’}+Z ZG,JN,T,__/.+8, (6)

i=1 =1 j=0

In this system, we allow contemporaneous order flows to have an effect on the price quotations, but the flows are not affected
by the contemporaneous returns. This assumption seems to be a reasonable economic restriction, as the market is less liquid
than the markets for major currencies, and within the 1-minute frequency we are analysing the number of trades is very
limited. So we do not expect almost simultaneous feedback trading, which would allow the order flow to respond to price

movements at a frequency of less than a minute. We further assume, that the structural form innovations, (g, , &,,) are

1,0
independent. This allows us to estimate the equation separately by OLS".

Table 6 summarizes the results and for brevity, we only report the results for the first five lags, the contemporaneous order
flow and the news."” There is a relatively strong and persistent high-frequency negative autocorrelation in returns, while the
high-frequency order flow exhibits positive autocorrelation. The contemporaneous order flow affects the returns as expected:
a net forint purchase of 1 million euros goes along with an appreciation of the forint by 0.94 basis points. Lagged flows have
a similar but smaller effect. The order flow exhibits positive dependency on recent returns up to 8 lags: forint appreciation
leads to forint purchases and vice versa, which can be interpreted as an indication of positive feedback trading in the market.
News affect the order flow significantly: all types but the GDP announcements have a significant contemporaneous effect,
and several types of news affect the flows for several minutes. The coefficients are in line with intuition: positive surprises
(good news) lead to an increase in net forint purchases, and with one exception the lagged effects have the same sign. The
direct effect of news on the exchange rate is less pronounced: only the surprise content of the CPI announcement has a
significant effect. But in this case the effect is strong: a one-standard deviation positive surprise causes the EUR/HUF rate to
appreciate by 27.34 basis points.

To highlight the particular effect of CPI surprises as the obviously most effective news category, and the role of the order
flow, Chart 3 shows the (cumulative) impulse responses of the exchange rate and the order flow to a CPI announcement. We
follow Love and Payne (2008) and compare the actual IRF of the exchange rate returns to a hypothetical IRF, which would
prevail if the news had no affect on the order flow." The hypothetical impulse response shows the direct effect of the news
shock on the exchange rate returns, and the difference between the actual and the hypothetical impulse responses indirect

impact via the order flow.

The share of the direct and indirect components is given in Table 7. At the time of the announcement the direct channel
dominates, 93.7% of the change in the exchange rate can be attributed to the news announcement directly. The share of the
order flow has in the impounding the news into the prices increases rapidly over the time: 5 minutes following the
announcement it amounts to almost 60%, and stabilizes around 57%, indicating that order flow indeed plays a substantial

part in processing news, even in the presence of a strong direct effect.

To our best knowledge we are the first who do this kind of decomposition for an emerging market, so the comparison of
our results is possible only with developed markets. Evans and Lyons (2006a) found that around two-thirds of news’ total
effect can be linked to trading activity in the USD/DEM market. They rejected the test for whether the direct channel is

"This departs from Love and Payne (2008), as they allow for contemporaneous effects, and impose a multivariate GARCH structure on the residuals to identify the
structural parameters.

*The lag lenghts were selected according to the Schwartz information criterion.

' In our framework this means computing IRF from a model where the 6 coefficient in the order flow equation is restricted to 0. This hypothetical model still allows for
the order flow to influence the exchange rate, but assumes that neither the size of the order flow nor its effect on the returns changes following a news
announcement.
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more important than the indirect channel, concluding order flow accounts for at least half of the effect of macro news on
exchange rate. Love and Payne (2008) examined three big FX markets and showed that on average one third of the new
information is transmitted via order flow. In general, our result is in line with the findings of international literature,
although the share that order flow has in incorporating news into prices is even higher in our case than it was found

concerning big FX markets.

3.4 LONGER-TERM INTERDEPENDENCE OF NEWS, ORDER FLOW AND EXCHANGE
RATE

As the inclusion of communication variables requires a ten-minute frequency we move on to explore the longer-term

relationship between exchange rate, order flow and fundamentals.
3.4.1 Methodology

We measure volatility following the approach by Andersen and Bollerslev (1998a), which has become a standard in high-
frequency analysis and is commonly used in the recent literature (see inter alia Cai et al., 2001; Dominguez and Panthaki,
2006; Frommel et al., 2008) and calculate the volatility of ten-minute returns. The approach is based on the model

Apt,n_“:(sn'ct,n'zt (7)

where u is the unconditional mean of the return process, o, is the contribution of the daily volatility level to the return
volatility and o, , consists of high-frequency contributions, in particular an intraday pattern, day of the week effects, which
are reported for exchange rates in previous empirical work (see inter alia Andersen and Bollerslev, 1998; Cai et al.; 2001),

and the impact of various kinds of news.
After the equation is squared and expressed in logs it evolves to

h ,=2

tn —

‘Apt,n - H‘ z
~log7=c+p(t)+2yk~dayk+0L~X,yn+ut'n (8)
On k=1
where p(t) is the above mentioned intraday volatility pattern, day, are dummies capturing potential day-of-the-week effects

and X, , is a set of further determinants, including news, central bank activities and order flow, which will be specified later.

The daily volatility level o, is usually obtained by estimating a GARCH model based on daily data. We do, however, vary the
approach: while Andersen and Bollerslev (1998a) use a standard GARCH(1,1) model with normally distributed conditional
variances to the daily volatility'’, we apply a model with t-distributed errors. We do this because it is known (see e.g. Hughes
Hallett and Anthony, 1997; Frommel and Menkhoff, 2001) that managed exchange rates as the EUR/HUF show a much
higher kurtosis than the flexible USD/DEM rate analyzed by Andersen and Bollerslev (1998a). In this case the use of a
conditionally normally distributed GARCH-process may lead to the underestimation of the “true” volatility. The results of
the daily volatility and the intraday volatility estimations are illustrated in Chart 4. The estimated conditional volatility shows
a huge increase in January and again in June 2003, when the market was characterized by turmoil due to speculative pressure
on the forint.

The intraday pattern is simpler than the one usually found for the USD/EUR or USD/DEM market'*. However, the figure
shows a clear pattern. One can easily distinguish the start from a very low activity level in the morning, the peak between
9:00 and 9:20 a.m., when Hungary’s main macroeconomic news are usually published and trading starts getting more active,
the subsequent slowdown during lunchtime and the repeated increase in the afternoon when the US markets open.

7 Andersen and Bollerslev (1998b) show that even in the case of a continuous-time price process the GARCH-model provides accurate forecasts.

'® For the intraday pattern we use a HP filter, which describes the pattern sufficiently well. We did, however, fit several possible trend functions and concluded that no
one figures out the data better. As Melvin and Yin (2000) point out, if the pattern is simpler than the one in, for instance, Anderson and Bollerslev (1998) there is a
priori no need to work with the more complex flexible Fourier form, and may consider using a simpler pattern.
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For analyzing the effects of news on volatility we estimate the following system of equations, taking into account the relation

between order flow (of) and volatility (h):

hl,rl :(Dl +(Xp(t) + BO‘OE,n

OF;—h,n

2 2 4 K m
+ Z B + ZIYihl—i,l1 + EI,C /'dayj + z Zsk,lNk.l—l,n €,
i=] Jj=

h=1 k=1 l=—m
2 K m (9)
+ zyihl—i,»z + z zsk,]NkJ*Hm mr,n
k=1l=—m

i=1

2
OF, =0, + z Bh ‘Oth,n
h=1

where the variables N, , cover, as in the previous section, various types (k) of news as well as lags. The news variables may
affect order flow as well as volatility. Again, the volatility depends contemporaneously on order flow, whereas order flow
itself may react to volatility with a delay of one interval only. Note that we use absolute order flow in the volatility equation,

as volatility is a one-sided measure.

The equation looks similar for the conditional mean, there are, however, some small differences. First, we refer to the signed
order flow instead of the absolute one, as the return shows a distinctive direction and so does the signed order flow (positive
values of the order flow mean that market participants seek to buy forint and sell euro). Second, there is no need to include
day of the week effects and an intraday pattern. Therefore, the equations (9) evolve to:

2 2 K m
Apt,n =w;+ B()OFt,n + EBhOF}—h,n + ZYiApr—i,n + 2 281\’,/Nk,t—l,n+£t,n
h=1 i=1 k=1l=—m

2 2 K m
OFI,n = 0‘)2 + ZBhOFI—h,n + ZYiApl—i,n + 2 Zsk,/Nk,tH,n'H]t,n
h=1 i=1 k=1l=—m

(10)

In the case of the return analysis including lagged returns to the order flow equation is even more appealing as it explicitly
allows for the existence of feedback trading, i.e. market participants react on recent price changes for exploiting (potentially

small and short) trends.
3.4.2 Results

The estimation results for the equations (9) are given in Table 7. It is obvious that in the order flow equation there is a strong
negative relation between present absolute order flow and lagged volatility, and at the same time there is positive
autocorrelation of the absolute order flow. Similarly, in the volatility equation positive autocorrelation of the volatility and
some negative relation is present between the volatility and lagged absolute order flow. Furthermore, a highly significant
intraday pattern can be observed in volatility. We do not find a day of the week effects.

These results are in line with the empirical literature. Intraday volatility patterns are a well-know feature of FX markets, as
well as positive autocorrelation observable in financial variables, such as volatility, order flow, etc. (Andersen et al., 2003;
Bauwens et al., 2005; Froemmel et al., 2007). The negative relation between (present/lagged) order flow and (lagged/present)
volatility is reasonable, as well. Both variables can be regarded as a measure of market uncertainty about an asset’s fair value.
If the volatility is increasing showing higher uncertainty, then trades will be more probably symmetrically initiated by sellers
and buyers, and the chances of one-directional pressure on the asset (which is shown by absolute order flow) should be less
in the following period(s). Similarly, the higher selling/buying pressure occurs in the market, that means, the more traders (the
smarter, or those having private information) agree on the overvalued/undervalued price of the asset, which may cause a

decrease in the uncertainty about asset’s value.

Monetary policy meetings, especially when the base rate is changed, apparently significant affect both, absolute order flow
and volatility. Prior to the meetings, the absolute value of order flow, i.e. the one-sided trading activity, and volatility increase
and decrease after the meeting. We interpret this as position taking in expectation of the meeting’s decision. Whereas the
variable meeting does not distinguish, whether there was an interest rate decision, this is captured by the following variables.
Accordingly, a change in the base rate causes the buying or selling pressure to be higher after the meeting, which reflects the
position taking due to the new interest rate settings. In contrast, there is only little impact on order flow before the interest
rate decision. Interestingly, volatility tends to be low prior to interest rate cuts.
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Macro news announcements do not imply aggressive one-sided trading. The only exception is the interval 20 minutes after
positive news has been published, when the one-sided trading seems to be more intense than other times. This phenomenon
can be due to the lower frequency, as we have seen previously that the impact of news releases on order flow emerges within
very short time. Thus, some of the effects may have already been offset. In contrast, there is a measurable direct effect of news
on volatility. The impact is especially strong in the case of negative news items: while volatility decreases before the releases,
as everybody expects the figures, volatility increases considerably contemporaneously and after the announcements, as the
surprise triggers heavy trading. The reaction on positive news is less unambiguous, but still consistent with our previous

results: there is an increase in volatility only 10 minutes after the publication.

It seems that there is no clear-cut tendency concerning the effects of central bank communication. The significance and the
sign of the parameters vary along the relative time and the type of the communication. Moreover, as central bank
communication is not pre-scheduled in the most of the cases, it is not expected to have significant impact on the market prior
to the events. Thus, we can draw just a cautious conclusion: Four significant and relevant parameters indicate that central

bank communication (essentially negative communication) might decrease the uncertainty in the market.

The intensity of trading, measured with the number of deals conducted is positively related both to the absolute order flow
and volatility. The explanatory power of the order flow regression is very impressive with an R* higher than 65%, that means
two thirds of market pressure stemmed from asymmetrically initiated trades can be explained by fundamentals, such as macro
news, monetary policy decisions and communication, and lagged/contemporaneous values of volatility, absolute order flow
and trades variables. Meanwhile in the case of volatility regression the R* shows that the mentioned variables account for 16%
of price variability, which can be regarded as relatively high, as well.

The estimation results for the returns are presented in Table 8. The order flow equation shows significant negative
autocorrelation of the order flow, and a strong negative relation between present order flow and lagged returns. This may be
caused to some amount by negative feedback trading present on the Hungarian FX market.” On the other hand, returns are
negatively autocorrelated, while there is significant positive (negative) relation between the returns and the contemporaneous
and first (second) lag order flow.

Monetary policy meetings can coincide with either appreciation or depreciation after the meetings depending on the relative
time, and around the meetings net forint purchases are observable. One has, however, to keep in mind that the variable
meeting captures very different meetings, including those with and without decision, which may be surprising or not. Again,
a look at the interest rate decisions seems to be more informative, as interest rate changes significantly affect both the returns
and the flows.

Interest rate cuts mainly coincide with depreciation of the forint, the only exception is 10-minute lead prior to the decision.
The impact of rate cuts on order flows is not fully consistent along the time: both buying and selling pressure can be observed.
In contrast, the impact of interest rate hikes on order flow is unambiguous: hikes cause aggressive one-sided trading on the
HUF buy side. In accordance with this, if the Monetary Council increases the base rate, the forint tends to appreciate. The
reaction on interest rate changes is therefore almost fully consistent with theory, and shows a close relation between the news
and both, order flow as well as volatility.

The results on macroeconomic announcements are mainly consistent with theory, too: The strongest reaction follows positive
news on the Hungarian economy, i.e. news those are expected to cause an appreciation of the forint. They are linked up, with
a lag of about ten minutes, with buying pressure and accordingly with appreciation of the forint. Together with results from
the previous section it is shown that news do not show only a very short-lived effect on volatility during the most recent
minutes after publication of the news, but also have an ongoing impact on the exchange rate after publication of the news.
The impact of negative news is also visible, but less strong. Whereas the order flow shows significant sales after the news,
there is only a slight, albeit not significant depreciation of the forint. Therefore we find a strong asymmetric behaviour of

market participants.

1° Csavas and Varga (2006) find that depending on the sample period both negative and positive feedback trading is observable in the Hungarian FX market.
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Central bank communication seems to affect more intensively the trading process, than the exchange rate movements.
Though, as it could be seen earlier, it is also true in this equation system, that the significance and the sign of the parameters
differ depending on the relative time and the type of the communication. This is in line with the in general more ambiguous
character of this “news” category and the fact that they are not scheduled. The latter point makes it even difficult to explain

the significance of leads, but this may also be due to the difficult timing of communication events.

Positive communication, however, appears to imply forint purchases and appreciation, there seems to be some kind of
overshooting, as part of the initial purchases are offset within the next ten minutes. Neutral communication implies some
negative order flow and depreciation, while negative communication goes along with forint sales. The reaction of the
exchange rate, is only slightly significant, but wrong-signed.

The results on the communication variables demonstrate the importance of central bank communication for the EUR/HUF
exchange rate and are in line with Rozkrut et al. (2007), Egert (2007) and Gabriel and Pintér (2006).

We experience a relatively low explanatory power of the order flow equation, but on the contrary the fit of the exchange rate
return equation may be considered rather good (R’=22%). Together with the previously found consequences these results
imply that macroeconomic and microstructure variables together can explain a non-negligible part of exchange rate

movements and the characteristics of the trading activity on the EUR/HUF market.
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4 Conclusions

During recent years the analysis of order flow has become an important issue, being extensively debated in academia as well

as by policy makers.

Our study adds to this discussion by complementing earlier empirical papers. While most of the earlier studies focus on
exchange rates between the world’s major currencies, we consider the exchange rate of a small open economy, characterized
by a less liquid market and comparatively high capital flows, and raise the question, whether the role of order flow in this
market is the same as for the major ones. To make the results comparable we conduct our analysis in the standard framework

of order flow analysis.

Our results regarding the relation between news, order flow and exchange rate seems to be qualitatively independent from
the size of the market, in the sense that we find a strong immediate reaction of the EUR/HUF exchange rate to news and also
a strong relation between the exchange rate and order flow as reported in the literature. Order flow itself can explain a
significant part of exchange rate variation. In addition, the order flow — exchange rate relation changes significantly around
news releases, namely order flow has additional information content and stronger impact on exchange rate (i.e. the same
magnitude buying/selling excess causes larger appreciation/depreciation), when scheduled public information reaches the

market.

Overall, our study supports the notion that although the exchange rate has been kept in a band to the euro, the relation
between order flow, news and exchange rate does not differ in its basic structure. This is even more remarkable as our sample

covers a period of a strong pressure on the forint.

However, although the results are qualitatively the same, they are not comparable in quantitative terms. Not surprisingly, the
importance of order flow seems to be higher than it was found in major currency markets. Decomposing exchange rate
responses to news into direct and indirect (intermediated) parts, we quantify the contribution of order flows to total exchange
rate responses to news. Our results suggest that three quarters of total price reaction are intermediated by order flow, whereas

the share for major markets is usually estimated as 30-50 per cent.
The differences are even more striking for the communication variables. In contrast to most other currencies they seem to
play an important role in the EUR/HUF market, reflecting the experience that the MNB relied on verbal intervention rather

than on actual interventions in most times (Egert, 2007).

Both differences of the EUR/HUF market — higher importance of order flow and relevance of communication — may be

attributed to the presence of private information due to the factors mentioned in the introduction.

MNB WORKING PAPERS ¢ 2009/3

19



20

References

ALMEIDA, ALVARO, CHARLES GOODHART AND RICHARD PAYNE (1998): The Effects of Macroeconomic News on High Frequency
Exchange rate Behavior, Journal of Financial and Quantitative Analysis 33(3), pp. 383-408.

ANDERSEN, TORBEN AND TIM BOLLERSLEV (1997): Intraday Periodicity and Volatility Persistence in Financial Markets, Journal
of Empirical Finance 4, pp. 115-158.

ANDERSEN, TORBEN AND TIM BOLLERSLEV (1998a): Deutsche Mark-Dollar Volatility: Intraday Activity Patterns,

Macroeconomic Announcements and Longer Run Dependencies, Journal of Finance 53(1), pp. 219-265.

ANDERSEN, TORBEN AND TiM BOLLERSLEV (1998b): Answering the Sceptics: Yes, Standard Volatility Models Do Provide
Accurate Forecasts, International Economic Review 39(4), pp. 885-905.

ANDERSEN, TORBEN, TiM BOLLERSLEV, FRANCIS X. DIEBOLD AND CLARA VEGA (2003): Micro Effects of Macro Announcements:

Real-Time price Discovery in Foreign Exchange, American Economic Review 93(1), pp. 38-62.

BANDI, FEDERICO M. AND JEFFREY R. RUSSEL (2003): Microstructure Noise, Realized Volatility and Optimal Sampling,
unpublished manuscript, University of Chicago.

BALDUZZI, PIERLUIGI, EDWIN J. ELTON AND T. CLIFTON GREEN (2001): Economic News and Bond Prices: Evidence from the
U.S. Treasury Market, Journal of Financial and Quantitative Analysis, 36, pp. 523-543.

BAUWENS, Luc, WALID BEN OMRANE AND PIERRE GIOT (2005): News Announcements, Market Activity, and Volatility in the
Euro/Dollar Foreign Exchange Market, Journal of International Money and Finance 24, pp. 1108-1125.

BEINE, MICHAEL, GUST JANSSEN AND CHRISTELLE LECOURT (2004). Should central bankers talk to the foreign exchange

markets?, manuscript.

BERGER, DAVID W., ALAN CHABOUD, SERGEY CHERNENKO, EDWARD HOWORKA, RAJ S.K. IYER, DAVID LU AND JONATHAN H.
WRIGHT (2005): Order Flow and Exchange Rate Dynamics in Electronic Brokerage System data, FRB International Finance
Discussion Paper No. 830.

BJoNNES, GEIR HoIDAL AND DAGFINN RIME (2005): Dealer Behavior and Trading Systems in Foreign Exchange Markets,
Journal of Financial Economics 75(3), pp. 571-605.

BLINDER, ALAN S., MICHAEL EHRMANN, JAKOB DE HAAN, MARCEL FRATZSCHER AND DAVID-JAN JANSEN (2008): Central Bank
Communication and Monetary Policy: a Survey of Theory and Evidence, ECB Working Paper no. 898.

CAl, JUN, YAN-LEUNG CHEUNG, RAYMOND S.K. LEE AND MICHAEL MELVIN (2001): ‘Once in a Generation’ Yen Volatility in
1998: Fundamentals, Intervention, and Order Flow, Journal of International Money and Finance 20, pp. 327-347.

CANALES-KRILJENKO (2003): Foreign Exchange Intervention in developing and Transition Economies: Results of a Survey, IMF
Working Paper 03/95.

CHABOUD, ALAIN P., SERGEY V. CHERNENKO, EDWARD HOWORKA, RaAJ S. KRiSHNASAMI IYER, DAVID Liu AND JONATHAN H.
WRIGHT (2004). The High-Frequency Effects of U.S. Macroeconomic Data Releases on Prices and Trading Activity in the
Global Interdealer Foreign Exchange Market, FRB International Finance Discussion Paper No. 823.

CsAvAs, CsABA AND LORANT VARGA (2006): Main characteristics of non-residents’ trading on the foreign exchange and

government bond markets, MNB Bulletin volume 1., issue 1.

MNB WORKING PAPERS * 2009/3



REFERENCES

DERviz, ALEXIS (2003): FOREX Microstructure, Invisible Price Determinants, and the Central Bank’s Understanding of
Exchange Rate Formation, CNB Working Paper 6/2003.

DOMINGUEZ, KATHRYN M. E. AND FREYAN PANTHAKI (2006): What defines “News" in the Foreign Exchange Markets?, Journal
of International Money and Finance 25, pp. 168-198.

EGERT, BALAZS (2007): Central Bank Interventions, Communication and Interest Rate Policy in Emerging European
Economies, Journal of Comparative Economics 35(2) pp. 387-413.

EHRMANN, MICHAEL, AND MARCEL FRATZSCHER (2007): Communication by Central Bank Committee Members: Different
Strategies, Same Effectiveness?, Journal of Money, Credit, and Banking, 39(2-3): pp. 509-41.

Evans, MARTIN D. D. (2002): FX Trading and Exchange rate Dynamics, Journal of Finance 57, pp. 2405-2448.

Evans, MARTIN D.D. AND RICHARD K. LYONs (2002a): Order Flow and Exchange Rate Dynamics, Journal of Political Economy
110, pp. 170-180.

Evans, MARTIN D. D. AND RicHARD K. LYONs (2005): Do Currency Markets Absorb News Quickly? Journal of International
Money and Finance 24, pp. 197-217.

Evans, MARTIN D. D. AND RICHARD K. LYONs (2006a): How is Macro News Transmitted to Exchange Rates?, NBER Working
Paper No. 9433.

Evans, MARTIN D. D. AND RICHARD K. LYoNs (2006b): Understanding order flow, International Journal of Finance &
Economics 11(1), pp. 3-23.

Evans, MARTIN D. D. AND RICHARD K. LYONs (2002b): Time varying liquidity in foreign exchange, Journal of Monetary
Economics, 49, pp. 1025-1051.

FaTuMm, RASMUS AND MICHAEL M. HUTCHISON (2002): ECB foreign exchange intervention and the EURO: Institutional

framework, news and intervention, UCSC International Economics Working Paper No. 02-3 22.

FLEMING, MICHAEL J. AND ELI M. REMONOLA (1999): Price Formation and Liquidity in the U.S. Treasury Market: The
Response to Public Information, Journal of Finance 54, pp. 1901-1915.

FRATZSCHER, MARCEL (2004): Communication and exchange rate policy, ECB Working Paper No. 363.

FRATZSCHER, MARCEL (2008): Oral Interventions Versus Actual Interventions in Fx Markets — An Event-Study Approach,
Economic Journal 118(530), pp. 1079-1106.

FROMMEL, MICHAEL AND LUKAS MENKHOFF (2001): Risk Reduction in the EMS? Evidence from Trends in Exchange Rate
Properties, Journal of Common Market Studies, 39, pp. 261-281.

FROMMEL, MICHAEL, ALEXANDER MENDE AND LUkAs MENKHOFF (2008): Order Flows, News, and Exchange Rate Volatility,
Journal of International Money and Finance, forthcoming.

GABRIEL, PETER AND KLARA PINTER (2006): The effect of the MNB’s communication on financial markets, MNB Working
Papers 2006/9.

GEREBEN, ARON, GYORGY GYOMAI AND NORBERT Kiss M. (2006): Customer order flow, information and liquidity on the
Hungarian foreign exchange market, MNB Working Papers 2006/8.

MNB WORKING PAPERS ¢ 2009/3

21



22

MAGYAR NEMZETI BANK

GEREBEN, ARON, AND NORBERT Kiss M. (2006): A brief overview of the characteristics of interbank forint/euro trading, MNB
Bulletin volume 1., issue 2.

GLOSTEN, LAWRENCE R. AND PauL R. MILGROM (1985): Bid, Ask, and Transaction Prices in a Specialist Market with
Heterogeneously Informed Agents, Journal of Financial Economics 14, pp. 71-100.

HANOUSEK, JAN AND RICHARD PODPIERA (2003): Informed Trading and the Bid-Ask Spread: Evidence from an Emerging
Market, Journal of Comparative Economics 31, pp. 275-296.

HOFFMANN, DENNIS AND DON EDWARD SCHLAGENHAUF (1985): The Impact of News and Alternative Theories of Exchange
Rate Determination, Journal of Money, Credit and Banking, 17, pp. 328-346.

HUGHES HALLETT, ANDREW AND MYRVIN L. ANTHONY (1997): Exchange Rate Behaviour under the EMS Regime: Was there
any Systematic Change?, Journal of International Money and Finance, 16, pp. 537-560.

JANSEN, DAVID-JAN AND JAKOB DE HAAN (2004): Look who’s talking: ECB communication during the first years of EMU,
CESifo Working Paper No. 1263.

JANSEN, DAVID-JAN AND JAKOB DE HAAN (2005a): Were verbal efforts to support the euro effective? A high-frequency analysis
of ECB statements, DNB Working Papers 033.

JANSEN, DAVID-JAN AND JAKOB DE HAAN (2005b): Talking heads: the effects of ECB statements on the euro-dollar exchange
rate, Journal of International Money and Finance 24, pp. 343-361.

Kiss M., NORBERT (2004): The Effects of Macroeconomic News on Money Markets, MNB Occasional Papers 2004/30.
KYLE, ALBERT S. (1985): Continuous Auctions and Insider Trading, Econometrica 53(6), pp. 1315-1335.

LINDAHL, ANNA AND DAGFINN RIME (2006): Forecasting the Foreign Exchange Market Using Private Information, unpublished

manuscript.

LOVE, RYAN AND RICHARD PAYNE (2008): Macroeconomic News, Order Flows and Exchange Rates, Journal of Financial and
Quantitative Analysis 43, pp. 467-488.

Lyons, RiCHARD K. (1995): Tests of microstructural hypotheses in the foreign exchange market. Journal of Financial
Economics 39, pp. 321-351.

Lyons, RICHARD K. (2001): The Microstructure Approach to Exchange Rates, MIT press.

MENKHOFF, Lucas, CAROL L. OSLER AND MAIK SCHMELING (2007): Order-Choice Dynamics under Asymmetric Information:
An Empirical Analysis, unpublished manuscript.

MELVIN, MICHAEL AND XIXI YIN (2000): Public Information Arrival, Exchange Rate Volatility, and Quote Frequency, The
Economic Journal 110, pp. 644-661.

OSLER, CAROL L. (2006): Macro lessons from microstructure. International Journal of Finance and Economics 11, pp. 55-80.

PAYNE, RICHARD (2003): Informed Trade in Spot Foreign Exchange Markets: An Empirical Analysis, Journal of International
Economics 61, pp. 307-329.

PINTER, KLARA AND WENHARDT TAMAS (2004): A jegybanki kamatdontések elSrejelezhetSsége és hatdsa a hozamokra (only in
Hungarian), MNB Occasional Papers 2004/31.

MNB WORKING PAPERS * 2009/3



REFERENCES

REITZ, STEFAN AND MARK P. TAYLOR (2008): The Coordination Channel of Foreign Exchange Intervention: A Nonlinear
Microstructural Analysis, European Economic Review 52(1), pp. 55-76.

RIME, DAGFINN (2001): Private or Public Information in Foreign Exchange Markets? An Empirical Analysis, SSRN Working
Paper No. 14/2000.

RIME, DAGFINN (2003): New electronic trading systems in foreign exchange markets. In Derek C. Jones (ed.) New Economy
Handbook, Elsevier Science.

ROZKRUT, MAREK, KRzYSTOF RYBINSKI, LUCYNA SZTABA AND RADOSLAW SzZwAJA (2007): Quest for central Bank
Communication. Does it Pay to be Talkative?, European Journal of Political Economy 23(1).

SAGER, MICHAEL J. AND MARK P. TAYLOR (2006): Under the microscope: the structure of the foreign exchange market,
International Journal of Finance & Economics 11(1), pp. 81-95.

SARNO, Lucio AND TAYLOR, MARK P. (2001): Official Intervention in the Foreign Exchange Market: Is it Effective, and if so,
How does it Work?, Journal of Economic Literature 39, pp. 839-868.

ScaLiA, ANTONIO (2008): Is Foreign Exchange Intervention Effective? Some Microanalytical Evidence from the Czech
Republic, Journal of International Money and Finance, 27, pp. 529-546.

VITALE, PAOLO (2007): A Guided Tour of the Market Microstructure Approach to Exchange rate Determination, Journal of
Economic Surveys 21, pp. 903-934.

YAo0, JIAN (1998): Market Making in the Interbank Foreign Exchange Market, New York University Salomon Center Working
Paper #5-98-3.

MNB WORKING PAPERS ¢ 2009/3

23



Charts and tables

Table 1

Order flow and exchange rate returns summary statistics

Horizon h=1min h =10 minutes

Returns Order flow Returns Order flow
Number of observations 293 550 293 550 29 355 29 355
Mean 0.00004 0.005720 0.00046 0.0574
Standard Deviation 0.31 1.15 0.21 5.18
Skewness -0.50 0.21 -0.59 6.78
Kurtosis 63563 308 3347 369
JB normality test 4.94e+13 1.14e+09 1.37e+10 1.64e+08
Proportion positive 0.53 0.51 0.51 0.50
Autocorrelation of order 1 -0.308 0.218 -0.409 0.137
Autocorrelation of order 2 -0.184 0.129 -0.007 0.074
Autocorrelation of order 3 0.000 0.089 -0.002 0.053

Table 2

Description of news announcements

Observations' Source’ Release time® Sign*
Consumer price index 24 cso 9:00 -1
GDP growth 8 CSO 9:00 +1
Current account balance 24 MNB 8:30 +1
Public sector balance 24 Ministry of Finance Varies: 17:00 or 10:00 +1
MPC meetings - base rate decisions 42 MNB 14:00 +1

Notes:

! Total number of observations in the sample period.

? CSO: Central Statistical Office, MNB: Magyar Nemzeti Bank (the central bank of Hungary).

* Central European Time.

* +1 (-1) if greater than expected news is assumed to coincide with appreciation (depreciation) of Hungarian forint.
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Table 3

The effects of macroeconomic announcements on exchange rate and order flow
(absolute measure of surprises)

News variable Dependent Constant 1-min-lead Release 1-min-lag 2-min-lag 3-min-lag R? (adj)
(unit of variable minute
surprise)
returns 0.001 0.006 -0.490%** 0.044 0.047%* 0.026* 0.13
(1,70) (1.19) (-5.40) (0.43) (2.10) (1.88)
CPI (1%) order flows 0.06 0.27 -17.200%** -3.06 0.26 0.59 0.09
(1.17) 1.16 (-8.60) (-1.06) (0.42) (0.61)
returns -0.001 0.000 0.019 -0.009 0.034 0.025 0.00
(-0.84) (0.01) (1.04) (-1.11) (0.98) (0.76)
GDP (1%) order flows 0.016 -0.000 -0.528 -1.279 0.45 237 0.00
(0.11) (-0.01) (-0.58) (-1.22) (0.95) (1.52)
returns -0.004 0.010 0.021** -0.006 0.011 0.001 0.01
BD (-0.05) (0.84) (2.06) (-0.44) (1.14) (0.45)
(100 billion HUF) |  order flows 2.246 0.094 1.453%* 0.051 0.449 0.392 0.01
(0.42) (0.25) (2.06) (0.10) (0.72) (1.31)
returns -0.047 -0.008*** 0.005 0.002* 0.001** 0.001** 0.01
CA (-0.18) (-8.17) (1.04) (1.76) (2.20) (2.35)
(100 million EUR)|  order flows -3.598 -0.227%** 0.167 0.152%*% 0.207%** 0.158%** 0.02
(-0.82) (-9.02) (1.02) (3.72) (11.45) (3.87)
returns 0.001*** 0.020 0.014** -0.006 0.001 -0.004 0.04
MC meeting (3.26) (1.31) (1.96) (-0.48) (0.21) (-1.58)
(10 bp) order flows 0.101* 0.760* 1.449%%* 0.902* 0.238** 0.653*** 0.10
(3.97) (1.89) (3.50) (1.80) (2.27) (2.82)

Asterisks refer to level of significance, ***: 1 per cent, **: § per cent, *: 10 per cent.

Table 4

The effect of order flow on exchange rate

constant OF R? (adj)
Whole sample 0.000 (1.42) 0.010%** (34.63) 0.16
Eq (4) 2003 0.000 (0.55) 0.010%** (20.31) 0.12
2004 0.000 (1.54) 0.010%*** (32.00) 0.26
Asterisks refer to level of significance, ***: 1 per cent, **: § per cent, *: 10 per cent.

Table 5

The sensitivity of order flow parameter to news releases

Announcement Constant Order flow OF*I(-1) OF*1(0) OF*I(1) R? (adj)
(1 min lead) Release time (1 min lag)

CPI -0.000 0.008*** 0.012 0.012*%** -0.006 0.26
(-0.40) (21.38) (0.24) (5.44) (-1.49)

GDP -0.002 0.009%** -0.008*** 0.006** 0.007 0.20
(-1.38) (6.49) (-5.56) (2.46) (0.50)

Eq (5) BD -0.000 0.008*** 0.001 0.013*** 0.001 0.23
(-0.42) (5.36) (0.25) (6.94) (0.12)

CA 0.000 0.010%** 0.022 0.023*%* 0.001 0.16
(0.03) (2.73) (1.08) (4.50) (0.21)

MC meeting 0.000 0.011** 0.045%%* 0.028*** -0.002 0.28
(0.61) (7.60) (3.99) (5.55) (-0.97)

Asterisks refer to level of significance, ***: 1 per cent, **: § per cent, *: 10 per cent.
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Table 6

VAR results
Dependent variable OF Return
return
1-min-lag -0.020%* -0.627%**
2-min-lag -0.028%** -0.670%**
3-min-lag -0.031*** -0.596%**
4-min-lag -0.031%* -0.565%**
5-min-lag -0.026* -0.525%**
OF -0.009%**
1-min-lag 0.189%** -0.005%**
2-min-lag 0.069*** -0.005%**
3-min-lag 0.036%** -0.005%**
4-min-lag 0.030%** -0.004%**
5-min-lag 0.012%** -0.004***
Surprises
Budget deficit -1.447%%% 0.006
2-min-lag -0.640%*
Current account -0.872%** -0.019
1-min-lag -0.660***
2-min-lag -0.749%%*
3-min-lag -0.540%**
CPI -3.826%** 0.273%**
2-min-lag 0.448*
GDP 0.204 0.017
3-min-lag -1.160%**
MT -1.097%** 0.041
1-min-lag -0.609%**
2-min-lag 0.320*
3-min-lag -0.828***
4-min-lag -1.618%**
8-min-lag 0.898***
9-min-lag -0.404%*
Trade -18.200%** -0.065
2-min-lag -14.882%**
3-min-lag 4.985*
D_MT(1) -0.380**
R* (adj.) 0.061 0.320
DW 2.003 2.004

Asterisks refer to level of significance, ***: 1 per cent, **: § per cent, *: 10 per cent.

Coefficients for leads and lags are only shown if significant at least at the ten per cent level.
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Table 7

Regression on volatility and absolute order flow

Dependent variable |OF,.| h,,
const 0.2771*** -0.463%**
Intraday pattern 0.908***
Volatility
10-min-lag -0.010%* 0.094*%*
20-min-lag -0.009%* 0.033***
|OF| 0.064%**
10-min-lag 0.060%** -0.004
20-min-lag 0.015%* -0.026***
Monday 0.010
Tuesday -0.014
Thursday -0.022
Friday 0.033
Monetary policy
Meeting -2.010%** 0.076
10-min-lead 0.734* 1.220%*
10-min-lag -1.148%** 0512
20-min-lag -0.654* 0.285
Interest rate down -0.277%** -0.022**
10-min-lead -0.009 -0.054%**
20-min-lead 0.070%** -0.022%**
10-min-lag 0.015** -0.026***
20-min-lag 0.027*** -0.010
Interest rate up -0.016*** 0.008
10-min-lag 0.011* -0.045%**
20-min-lag 0.038*** -0.001
Macro news Hungary
Negative news"” 0.000 1.533%**
10-min-lead -0.141 -0.931%*
20-min-lead 0.068 -0.562
10-min-lag 0.363 1.255%*
20-min-lag 0.499 0.927**
Positive news" -0.373 0.343
10-min-lag -0.501 1.138%**
20-min-lag 0.907** -0.275
Communication
Positive communication™ 0.412 0.792
20-min-lead 0.841* -0.108
10-min-lag -0.721* 0.206
Neutral communication®” -0.685* 0.211
10-min-lead 0.801** 0.121
20-min-lag 0.752* -0.472
Negative communication® -0.528 -0.173
10-min-lag 0.437 -1.046%**
20-min-lag 1.153%** -1.060**
Trades 0.690%** 0.160%***
10-min-lag -0.088*** -0.006
R’ (adj.) 0.652 0.156
DW 2.003 2.003

Asterisks refer to level of significance, ***: 1 per cent, **: § per cent, *: 10 per cent.

Coefficients for leads and lags are only shown if significant at least at the ten per cent level

@ Negative news and communication events are those which are assumed to imply depreciation of the forint, and vice versa.
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Table 8

Regression on returns and order flow

Dependent variable OF Return
const 0.063** -0.000
return
10-min-lag -4,192%** -0.146%**
20-min-lag -0.981%* -0.033***
OF 0.007***
10-min-lag -0.126*** 0.0002*
20-min-lag -0.0371*** -0.0002*
Monetary policy
Meeting -0.941 -0.056***
10-min-lead 0.412 0.015
20-min-lead 2.060%** 0.003
10-min-lag 1.876** 0.035%**
20-min-lag 0.899 0.0371***
Interest rate down 0.039%** -0.004***
10-min-lead -0.257%** 0.0017***
20-min-lead 0.234%%* -0.001***
10-min-lag 0.126*** -0.001***
20-min-lag -0.060*** -0.000
Interest rate up 0.024%** 0.002%**
10-min-lead 0.021** 0.000
20-min-lead -0.012 0.000
10-min-lag 0.152%%* -0.001***
20-min-lag 0.042*** 0.001*%*
Macro news Hungary
Negative news"” -0.033 -0.003
10-min-lead -0.114 0.002
20-min-lead 0.310 0.007
10-min-lag -1.679%** -0.012
20-min-lag -0.910 0.001
Positive news" -0.778 -0.010
10-min-lead -0.013 0.017
20-min-lead -0.053 -0.028**
10-min-lag 2.588%** 0.067***
20-min-lag 1.523* 0.037*%*
Communication
Positive communication™ 0.424 -0.008
10-min-lead 3.556%** 0.040%**
20-min-lead -0.783 0.002
10-min-lag -1.684** 0.006
20-min-lag 2.409%** -0.019*
Neutral communication” -0.034 -0.008
10-min-lead -2.703%** -0.020*
20-min-lead 0.190 -0.016
10-min-lag -0.905 0.014
20-min-lag -0.036 -0.010
Negative communication® 0.029 0.017*
10-min-lead -2.207%** 0.002
20-min-lead 0.796 0.014
10-min-lag 0.765 0.014
20-min-lag -1.995%** 0.011
R* (adj.) 0.065 0.222
DW 2.005 2.003
Asterisks refer to level of significance, ***: 1 per cent, **: § per cent, *: 10 per cent.

@ Negative news and communication events are those which are assumed to imply depreciation of the forint, and vice versa.
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Chart 1

Determinants of price variations
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Chart 4

Seasonal patterns of volatility
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