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Order flow in the Foreign Exchange Market∗

Anna Lindahl†

Abstract

Price discovery in foreign exchange markets is explored using Swedish data

including trades from both the customer and the interdealer market. The

data set represents a majority of all executed trades in the EURSEK exchange

rate over a four-year time period. I confirm the presence of an association

between interdealer order flows and exchange rate returns on a daily and

weekly frequency. At longer horizons the association disappears. Aggregate

interdealer order flow appears to be informed, pushing and driving changes

in the EURSEK rate. In contrast, both corporate and financial customers

seem to react negatively to a price change and get pulled into the market,

reacting to previous trade events.

Keywords: Foreign exchange market microstructure; price discovery; private

information;
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1 Introduction

The literature on foreign exchange market microstructure has emerged to sug-

gest that the quality of traditional fundamental-based exchange rate forecasts in

the short run can be improved by incorporating features of the actual foreign

exchange trading process. Unlike traditional macro models, the microstructure

models see the trading process as central, where relevant information to trading

decisions become embedded in the price discovery process via order flow (Evans

and Lyons, 2002, 2005; Evans and Rime, 2019). Order flow is defined as the net of

buyer-initiated and seller-initiated currency orders submitted to a dealer in for-

eign exchange. It is a measure of the buying pressure that results from shocks to

customers’ hedging and liquidity demands and different interpretation of public

news.1

Lyons (2001) defines private information as information, not known by all,

that produces better price forecasts than public information alone. Several stud-

ies confirm that price discovery is an important part of the price formation pro-

cess in asset markets. Hasbrouck (1991), Evans and Lyons (2002a) and Brandt

and Kavajecz (2004) document that contemporaneous order flow explains a sub-

stantial part of daily price changes in stock markets, foreign exchange markets,

and government bond markets, respectively. The fact that order flow adjusts

prices gradually reveals that information in the market is not common knowl-

edge as we know it from the standard macro exchange rate models. According

to these models new information reach the market symmetrically and prices

1Order flow is a measure of the net buying pressure in the market. It is calculated by
subtracting seller-initiated trades from buyer-initiated trades during a specific time interval. A
buyer-initiated trade will have a positive sign and a seller-initiated trade will have a negative
sign.
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adjust accordingly without any order flows being exchanged.

The foreign exchange market is characterized by a two-tier structure, reflect-

ing that customers trade with dealers only, while dealers trade both with their

customers and with other dealers in the interbank market.2 The tier where deal-

ers trade with their customers is referred to as the end user market, or customer

market, and the tier where dealers trade with other dealers is referred to as

the interdealer market. The end user market is heterogeneous since it contains

transactions initiated by many different types of traders (e.g. financial agents

such as hedge- and investment funds versus non-financial corporations and cen-

tral banks) with different incentives, reaction speeds to data innovations and

risk/return expectations. This makes their order flow an important source of

private information (Ito et al., 1998; Bjønnes and Rime, 2005). Dealers may learn

and use this private information for their subsequent trades. This assumption is

very different from the Kyle (1985) model where dealers are uninformed, only

trying to match the net incoming order flow from traders who in turn may be

informed or not. Order flow allows the market to learn about the private in-

formation and trading strategies of better informed participants, and therefore

represents a way for informational asymmetries to become embedded within

market prices (Lyons, 1995; Bjønnes and Rime, 2005).

The purpose of this paper is to investigate the role of different market par-

ticipants in the short run price discovery process of exchange rates. This is

interesting since the movements of floating exchange rates are not well under-

stood and raising our knowledge of the market mechanisms may improve our

2The trading structure has become more complex in the last decade and customers can now
trade on additional venues like single- and multi-bank platforms. For a recent overview of the
FX market structure see Evans and Rime (2019).
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understanding. Such an understanding requires knowledge of the types of cus-

tomers prevalent in the market and of the ways in which they trade and interact.

Besides, although the actual trading has been facilitated by various electronic

trading portals, the transparency of transactions is still low. Compared to the

equity market, the lack of disclosure requirements in the foreign exchange mar-

ket makes much of the trading in this market a black box. The theory of market

making predicts that a positive demand shock, i.e., a purchase by the aggressive

part in the trade, will lead the market maker to revise prices upwards. Hence,

there is a positive contemporaneous correlation between the purchase of the ag-

gressive part and the change of the exchange rate.3 The supplier of the asset will

fill the role of liquidity provider whose net flows will be negatively correlated

with the change in the value of the currency.

Previous research using transaction data show that order flow from inter

dealer banks and financial customers is positively correlated with exchange

rates whereas order flow from commercial customers tends to be negatively

correlated. In particular, inter dealer banks and financial customers engage in

exchange rate research and from this receive a private signal (information) re-

garding the actual value of the unobservable fundamental. On the basis of the

private as well as publicly available information they submit orders to their FX

dealer.

Our results indicate a positive and significant relation between exchange rate

movements and net transactions of foreign currency made in the interdealer

sector (i.e., for the market making banks) at both daily and weekly frequency.

That is, a net purchase leads to a positive change in the exchange rate. This

3We denote a purchase by the aggressive part in the trade a positive order flow, while a sale
is negative.
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relation holds only contemporaneously and not for any lags of order flows. It is

somewhat matched by a significant, but negative relation between net purchases

of Corporate customers and changes in the exchange rate. Financial customers’

order flow is negative and significant, although the results are not as strong as

for corporate order flow so the informational impact that financial customers

would have according to the theory of market making is not apparent in our

study.

Research in the microstructure field using transaction data from different cus-

tomer segments include Bjønnes, Rime and Solheim (2005), Froot and Ramadorai

(2005) and Evans and Lyons (2006). Bjønnes, Rime and Solheim (2005) have

nine years of aggregated data from the primary dealers of Sveriges Riksbank

for Financial as well as non-Financial customers and market making banks in

the Euro against Swedish krona. Froot and Ramadorai (2005) have data from

the global custodian State Street Corporation, covering foreign exchange trans-

actions in institutional investor funds over a period of seven years in 111 curren-

cies. While the data employed by Froot and Ramadorai (2005) and Evans and

Lyons (2006) only represent a small market share of total currency transactions,

Bjønnes, Rime and Solheim (2005) and our data reflect almost the entire market

activity in EURSEK.4 However, in contrast to previous studies, the data used in

this paper contain information on all individual trades including the identity of

all market participants. Our data is totally disaggregated and this allow us to

construct specific customer groups and test how these are related to changes in

4Bjønnes et al. have data from Sveriges Riksbank. The Riksbank collects daily turnover data
from Swedish and a few foreign banks in financial instruments. The classification into financial
and non-financial customer were not determined in the data but constructed from an assumption
that flows from financial customers have a positive correlation with financial variables like stock
indexes and interest rates. Those customers without this correlation were classified as non-
financial customers.
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the foreign exchange rate. Although the sample period that the data set covers

is now somewhat remote, there is still, to the best of our knowledge, no other

data set that gives such detailed description on the trading of foreign exchange

under such a long period of time.

The rest of the paper is organized as follows. Section 2 describes some of the

related literature. Section 3 briefly covers the foreign exchange market and the

data. The empirical model used for the regression analysis followed by results

are presented in section 4. Finally, section 5 provides a discussion of the results

and concludes.

2 Related literature

Past work within the microstructure field has mostly focused on interdealer trad-

ing since customer transactions are considered confidential and have therefore

not been available for research. However, non-dealer customer order flow is cen-

tral to microstructure theory where it represents the underlying demand for cur-

rencies in the real economy and therefore some limited customer data sets have

been created. Our study is related to Bjønnes, Rime and Solheim (2005), who

investigate whether there is a particular group of market participants that act

as liquidity providers overnight. Interdealers are primarily taking the inventory

risk intraday but are unwilling to do it overnight. According to microstructure

models prices will increase when customers submit buy orders and decrease

when they submit sell orders. This may be explained by inventory control mod-

els (e.g., Amihud and Mendelson, 1980; Ho and Stoll, 1981) where risk-averse

dealers use the price to moderate their inventory of an asset, and information-
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based models (e.g., Kyle, 1985; Glosten and Milgrom, 1985) with focus on ad-

verse selection where the dealer will adjust prices upward in order to protect

himself against a better informed trader. Bjønnes et al. find a negative correla-

tion between the net purchases of foreign currency made by Non-Financial cus-

tomers and changes in the exchange rate. The negative correlation is matched by

a positive correlation between net purchases by Financial customers and changes

in the exchange rate.5 Fan and Lyons (2003) address the trading of FX customers

(investors, importers, exporters, corporate treasurers, etc.) at Citibank and find

that the different customer categories behave differently with the highest price

impact being from financial customers. Fan and Lyons argue that Citibank has

relatively many "high-impact customers" who are, on average, better informed.

Although customers order flow are important, there is valid justification for

focusing on flow between dealers, the interdealer trading. The justification re-

lates to the differential transparency of customer-dealer versus interdealer flow.

Interdealers do observe order flow from interdealer trades including trades in

which they are not involved. Customer-dealer trades, on the other hand, are not

observable except by the bank that receives them. Dealers therefore learn about

other dealers’ customer orders as best they can by observing other dealers’ in-

terdealer trades, and they set market prices accordingly. The paper by Bjønnes,

Osler and Rime (2012) show that large banks have an information advantage,

relative to small banks, in the foreign exchange interdealer market. They then

5The fact that Bjønnes et al. defined financial customers according to their correlation with
financial variables may have contributed to the results for this customer group. The correlation
between the Swedish stock index OMX and the Swedish krona has been strong for long peri-
ods of time. Hence, if Bjønnes et al. defined financial customers as customers with a strong
correlation with the OMX stock index and the OMX stock index has a strong, correctly signed
correlation with the EURSEK exchange rate, -0.45, it is not unlikely that the Financial group has
a strong "push" effect (Sager and Taylor, 2006) on the EURSEK rate.
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trace that advantage to two sources of private information: the larger banks

more extensive network of hedge funds and other relatively aggressive financial

customers, and the large banks’ own ability to generate market insights. The

data comprise the complete record of interbank transactions at a big Scandina-

vian bank during four weeks in 1998 and 1999. They document the information

advantage of large banks by comparing average post-trade returns to banks of

different sizes. They evaluate the information content of order flow from nine

types of customers, using cross-sectional regressions in which the dependent

variable is each bank’s average post-trade return and the key independent vari-

ables are its customer market shares. They find that some customer types do

not bring information to the market, namely non-financial corporations, govern-

ments, unit trusts, mutual funds, and insurance firms. Information comes from

a group of financial customers that includes hedge funds, investment managers,

pension funds, and non-dealing banks. Bjønnes et al. also suggest that currency

banks bring their own information to the market. This is in contrast to the liter-

ature which uniformly assumes that all private information in currency markets

originates with end users. Their findings are in accordance with Valseth (2013)

who investigates the price impact of interdealer order flow relative to customer

order flow. The results show that aggregate interdealer order flow contains in-

formation while aggregate customer flow does not. It can be because dealers are

skilled and collect information while customers do not, but it can also be because

the trades of informed customers are not reflected in aggregate customer order

flow. In order to find out which is the case she employs a proxy for informed

customer order flow by identifying so called delayed publication trades. These

are trades chosen by dealers to be hidden temporarily from the other dealers
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in the market. Dealers are likely to choose this alternative if the trades contain

private information that may be exploited first, before the trade is registered.

Delayed publication customer trades are therefore used as a proxy for informed

customer trades. The results show that inter dealer order flow in the Norwegian

bond market explains 25% of daily yield changes whereas aggregate customer

trades explain up to 1% of daily variation in yields. The differences in the ex-

planatory power of interdealer order flow and customer order flow suggest that

dealers are better informed than their customers.

Likewise, Osler and Vandrovych (2009), with a data set of foreign exchange

transactions from Royal bank of Scotland, report that order flow generated by

leveraged investors, such as hedge funds and banks, have a strong and lasting

impact on the exchange rate whereas order flow from unleveraged institutional

investors, large corporations, government agencies, and central banks appears

to convey little private information. They also suggest that banks are better

informed than their individual customers, possibly because they aggregate in-

formation from many customers.

Our study is related to all of the above mentioned papers. Instead of exam-

ining either the interdealer market, like Bjønnes, Osler and Rime (2012), Valseth

(2013) or the customer market, like Fan and Lyons (2003) and Bjønnes, Rime and

Solheim (2005), the analysis in this paper studies both and can therefore exam-

ine the relationship between the two parts. Osler and Vandrovych (2009) also

include both the interdealer and customer markets, but only for one bank.
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3 Market structure and data

The foreign exchange market is decentralized in the sense that market partic-

ipants are generally separated from one another and transactions take place

through various trading platforms. The first implication of decentralization is

that the market is fragmented in the sense that transactions occur simultane-

ously at similar prices. The second is that it is opaque, lacks transparency in

the sense that the absence of a physical marketplace makes the process of price-

formation interaction difficult to observe and understand. Moreover, the foreign

exchange market is the most liquid market in the world. According to the BIS

Triennial Survey the daily average foreign exchange turnover increased in 2001

from approximately $1.2 to $1.9 trillions in 2004.6 Swap transactions have the

highest daily turnover in all foreign exchange markets with 53% of total trades.

Spot transactions amount to 35% and the remaining 12 % are outright forwards.

According to the BIS survey, 48% of the total turnover of spot trades are in-

terdealer transactions, which is close to the share of 54% for our data set. The

transactions with financial customers amounts to 34% in the BIS survey and 32%

for our data. Finally, trading with non-financial customers has a market share of

17% in the BIS survey and 14% in our data. Foreign exchange market structure

and participant group interactions have changed substantially since the begin-

ning of the 21st century in most currencies, including the EURSEK rate, and most

of the increase in turnover comes from the various customer groups in the mar-

ket.7 The motivation for these flows has also changed in the sense that investors

increasingly see the foreign exchange market as a potential source that can pro-

6Net-net basis. In 2016 the total daily turnover had increased to $5.1 trillions.
7Customer here includes asset management firms, hedge funds, commodity trading advisors

(CTAs), central banks, corporations and high net worth private individuals.
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vide important diversification benefits when combined in a portfolio of other

assets. The turnover in SEK against other currencies has been fairly constant at

two percent of the total foreign exchange market from 2001 and onwards.

The foreign exchange market is structured as a two-tier market, where end-

users of currency (households and firms) transact with intermediaries (banks)

in the first tier, then the intermediaries transact with each other (Interdealer) in

the second tier. The intermediaries have either self-imposed limits or regulated

limits on how much currency to hold overnight and cannot be expected to take

lasting open positions. Hence, intermediaries provide liquidity intraday but are

less likely to provide liquidity over longer horizons. In this sense they are truly

intermediating the currency transactions by the firms and households.

Our data sample covers the period January 2001 to December 2004 and con-

sist of spot exchange transactions in EURSEK executed by seven major market

making banks in the SEK currency. Compared to previous end-user data sets as

in Marsh and O’Rourke (2005), Evans and Lyons (2005), Bjønnes et al. (2005) or

Evans and Lyons (2007) e.g., this data set is more complete in that it has a very

high coverage of both customer and interdealer transactions. Since customer

data is considered highly confidential, most previous studies of exchange rates

and order flow have used interbank data only. According to the agreement with

the reporting banks, the identity of banks and counterparties will not be revealed

in the study. While the major currencies USD, EUR and JPY are traded world

wide the SEK is traded mostly locally by a limited number of market making

banks, which facilitates the collection of data. In order to avoid a large number

of very small orders we have excluded order sizes below 100000 EUR. The data

set is unusually rich in features, since it includes information on counterparty
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names, volume and execution price of transactions, who sells and who buys,

and the exact time of transaction. Previous data sets are usually aggregated

and filtered in some way by the data supplier in order to protect the customer

identities from being revealed. In contrast, our data are collected and treated by

ourselves, which means that we have control of the entire sequence.

Since the time of our sample, the FX market has evolved and new trading sys-

tems have changed the transaction structure. Algorithmic and high-frequency

trading has increased and the relative importance of market and limit orders

has changed the nature of price discovery (Chaboud, Hjalmarsson and Zikes,

2018). Very large and active hedge funds have now direct access to the inter-

dealer market. However, the basic structure and the underlying reasons most

agents trade currencies have not changed. Financial customers continue to rely

on currencies as a value-enhancing asset and therefore still have an incentive to

gather information; Non-financial customers continue to use currencies primar-

ily as a medium of exchange so their incentive to gather information is relatively

limited. Dealers continue to provide liquidity and bear inventory risk, and thus

still have a strong incentive to gather information from customers (Osler, Mende

and Menkhoff, 2011).

According to microstructure theory, different customers may have diverse in-

formation regarding the state of the macroeconomy and they may have different

motives for trading currencies (Evans, 2017). This means that dealers can receive

order flow containing information that varies according to the end-user counter-

party in each transaction. With our data we are able to examine the differences

in the information expressed by order flows to the extent that it is reflected in

the behavior of spot rates. Marsh and O’Rourke (2005) and Evans and Lyons
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(2005) find that the main differences in the response of spot rates to order flows

from different customer groups appear between the flows of financial and non-

financial end-users. Our data contain all identities of the counterparties in each

trade but in line with the findings in the above mentioned studies, we decided

to group these into the purchases and sales of three types of trades: Financial,

Corporates and Interdealers. Specifically, the financial group consist of hedge

funds, insurance companies, asset management funds, pension funds, broker-

age firms, trust funds and treasury departments. Corporates would typically

include export companies whose primary interest refers to making profits from

selling goods in the world market, not speculating in foreign exchange. Finan-

cial customers on the other hand are more likely to treat the foreign currency

as an asset yielding a potential profit. Interdealers act as intermediaries ren-

dering exchange services to other market participants, i.e., not trading for their

own account, but also have skills in interpreting relevant information that they

subsequently trade on in order to make a profit.

Following previous studies (e.g. Love and Payne, 2008) we define order

flow as the difference between the volume of buyer-initiated trades and seller-

initiated trades, measured in the base currency. It is hence a measure of net

buying pressure. A buyer-initiated trade is a transaction where a dealer at a

bank places a quote offering to sell Euro for kronor (for example) in an elec-

tronic limit order book. This is dealt on by another dealer or a trader, who buys

the EUR and thus is considered the agressor, or the initiator of the transaction.

A seller initiated trade is, of course, analogously defined. Order flow is a mea-

sure of signed transaction flow: Trades initiated by the buyer are positive order

flow and trades initiated by the seller are negative order flow. The trades in our
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dataset are signed as buyer-initiated or seller-initiated by the reporting banks,

so we do not have to rely on an algorithm to estimate the direction of trade. The

transactions during a given day are aggregated from 8:00 to 16:00, Stockholm

time, in order to get daily values. Weekly values are obtained by aggregating

over Monday to Friday every week. The change in the spot rate EURSEK is the

log change in the exchange rate between 4pm on day t and 4pm on day t-18. Our

exchange rate data denote the amount of Swedish kronor required to buy one

Euro.

[Figure 1 about here.]

Panel 1A in Figure 1 shows the exchange rate during the relevant time pe-

riod. The data covers a period during which the EURSEK was rather stable with

the exception of a large movement in the beginning of the period. The daily

standard deviation is only 0.4 percent for the four years we study. Panel B to D

show the cumulative order flows for each counterparty group.

[Table 1 about here.]

Table 1 reports some summary statistics for the daily and weekly exchange

rate, order flow and macro data. Along the lines of the seminal paper by Evans

and Lyons (2002a) and Evans and Rime (2016) we add two macro variables,

available daily, to represent public information in macro models; the difference

in short rate interest rates and the yield curve differential for EUR and SEK.9

The table shows the mean, median, max and min, standard deviation as well as
8World market rate, mid 4pm fix
9We refer to IDIFF as the difference between three month Treasury bill rate in EUR and SEK.

We refer to ISLOPEDIFF as the yield curve differential where we take the difference between the
five year bond rate and the three month Treasury bill rate for EUR and SEK respectively and
then use the difference between them.
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first and second order autocorrelation. Financial order flow (FIN) is only serially

correlated at the weekly horizon and interdealer order flows (BANK) are serially

correlated at both the daily and weekly horizon. The estimated autocorrelation

coefficients are quite small, but positive and statistically significant. We see that

interdealer flows are much more volatile than any of the customer flows and

that financial flows are more volatile than corporate flows. All flows seem to be

skewed to the left.

[Table 2 about here.]

Table 2 shows the correlations between the different order flows and some macro

variables at the daily frequency. Correlations are mostly not significant and very

low with the exception of the interest rate variables. Noteworthy is the very

low correlation between the EURSEK exchange rate change and order flows

where the coefficient on interdealer flows is the highest, positive and significant.

The correlation between the change in the Swedish stock index OMX and the

EURSEK rate is -0.33 and significant at the 1% level implying a stronger SEK

when the Swedish stock market return increases. Weekly values give slightly

higher correlations but interdealer flows turn negative in accordance with the

rest of the flows.

4 Informed order flow

In microstructure finance models order flow conveys information that needs to

be aggregated to be regarded as a proximate determinant of price. The informa-

tion may include anything that can have an impact on the demand for the cur-

rency (different interpretations of news, shocks to hedging demands and shocks
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to liquidity demands) so long as that information is not common knowledge in

the market. Common knowledge, as we know it from the macro exchange rate

models, is defined as new information which reaches the market symmetrically

and with prices adjusting accordingly without any order flows being exchanged.

If we assume the additional existence of private information as well, order flow

becomes the intermediate link between new information and price - a proximate

cause of price movements (Evans and Lyons, 2002a).

As discussed in section 3 the customer order flow data sets available for aca-

demic research are few. Ours cover a longer period, four years, and is more de-

tailed than most other data sets. Following the empirical analysis by Marsh and

O’Rourke (2005) we first establish that there is a correlation between customer

flows and exchange rates in our data using the following simple regression:

log(st)− log(st−1) = α + β1(OFf in,t + OFcorp,t) + ut (1)

The dependent variable is the change in the log of the spot exchange rate

and the single independent variable is the aggregated customer order flow, con-

taining the aggregate net order flows of financial and corporate customers but

without interdealer order flows. A positive β would suggest that order flow

into a currency - the net buying pressure - is related to an appreciation of the

currency.

[Table 3 about here.]

Table 3 reports the OLS estimation of equation (1) at one-day and one-week

horizons for EURSEK. At both frequencies we use heteroscedasticity robust stan-

dard errors. The results show that financial and corporate flows together have a
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significant, but negative, price impact at the 5% level for the daily horizon and

at the 1% level for the weekly horizon. The R2 is around 0.5% for the daily and

4.5% for the weekly horizons.

4.1 Disaggregated order flow and exchange rate change

The regression in equation (1) above made the assumption that the impact of

the net order flow on the exchange rate is equal for all customer types. If the

correlation between the exchange rate and order flow is due to liquidity effects

this may be reasonable because then the nature of the counterparty should be

irrelevant and the market maker should set his price equally for a trade of equal

size whether it is from a corporate or financial customer. However, if the order

flow is due to private information the constraint may not be appropriate. It is

then possible that some types of customers are more informed than others. The

papers of Fan and Lyons (2003) and Carpenter and Wang (2007) discuss and find

evidence that in FX markets, transactions initiated by financial customers convey

more information, at least in the short run, than do transactions initiated by

commercial customers. The constraint from equation (1) is relaxed in equation

(2) and the exchange rate is regressed on disaggregated net order flows as well

as interest rate differentials.

log(st)− log(st−1) = α + β1OFf in,t + β2OFbank,t + β3OFcorp,t

+β4didi f ft + β5dislopedi f ft + ut

(2)

[Table 4 about here.]
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[Table 5 about here.]

Tables 4 and 5 show the results from estimating equation (2), with and with-

out the interest rate variables included, respectively. Consistent with many ear-

lier studies, we find that the interest rates account for little of the variation in

the exchange rate. None of the interest rate coefficients are significant at con-

ventional levels at the daily or weekly horizons and the R2s of the regressions

change only marginally with the inclusion of the interest rate variables.

[Table 6 about here.]

The R2s for models with only interest rate variables are essentially zero as

shown in the model specification I in table 6. In contrast, Tables 4 and 5 show

that all order flow variables are significant at the five percent level. These re-

sults are summarized in table 6 where we present the results from regressing

the EURSEK exchange rate change on different combinations of interest rates

and the three order flows; financial, corporate and interdealer banks as defined

above. The dependent variable in these regressions is the one-day and one-week

change in the log exchange rate. Heteroscedastic-robust t-values are reported in

parentheses below the coefficient estimates.

According to Bjønnes and Rime (2005); Sager and Taylor (2006), the financial

customers’ buy orders may coincide with appreciations of the currency. Finan-

cial customers are analysing the currency market continuously and by placing

orders by either electronic platforms or directly through a dealer at a market

making bank they may supply the market with information that is not yet com-

mon knowledge. Hence, in equation (2) above we could expect the coefficient

β1 for financial order flow to be positive. However, the estimates in Tables 4 - 6
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show that the coefficients on financial and corporate order flows are significant

and negative; a net purchase of EURSEK would result in a weakening of the cur-

rency at both daily and weekly horizons. The impact from corporate customers

is in accordance with the market microstructure hypothesis. Acting in response

to an exchange rate movement, the expected sign is negative. The results thus

support our view that corporate customers are "pulled" into the market follow-

ing a change in the exchange rate, possibly caused by some other customer

group. Our order flows are only weakly correlated. Financial and interdealer

flows have the highest correlation of 0.2, statistically significant.

Regarding interbank dealer flows, we note correctly signed (i.e., positive) and

(highly) significant results. Trading in the interbank segment is characterized by

a large number of dealers who can buy or sell foreign currency to customers

and other dealers. Customer orders are only observed by the recipient dealer

and so may represent a source of private information to the dealer. Dealers then

quote prices and trade in the interdealer market. The disclosure requirement of

trades in this segment makes this market more transparent and information is

dispersed quickly. In this sense, interdealer order flow is considered as semi-

public information. Compared to customer trades, interdealer trades are the

most observable and thus easiest for the market to condition on in order to set

prices. We may think about the interdealer flows as characterized by a very

large turnover with high volatility, absorbing and digesting new information

very actively, hence learning fast. The main advantage should be the fact that

dealers are located in the aggregated flow of trades. This makes it possible for

them to extract a signal about the demand and direction of the exchange rate.

Dealers may also obtain extra information by using effort and skill in collecting
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and interpreting other relevant information. In this case dealer skill is a source

of information. Anand and Subrahmanyam (2008) find that dealers contribute

more to price discovery than their customers and conclude that dealers are better

informed than other market participants. Given their high activity, interdealer

flows are expected to affect the exchange rate contemporaneously. Previous

order flows are less likely to have an impact since it continuously gets replaced

by order flows containing new information.

On the contrary, corporate flows are assumed to originate from international

trade of goods and services and as such show less variation and would need

longer to learn about new information relevant for the exchange rate. Financial

flows are assumed to be found in between the two.

The economic significance of the estimated model in table 4 is that a net flow

of 1 million into the Euro from corporate customers is associated with 0.079

basis points (0.00079%) depreciation of the Euro daily and 0.169 basis points

(0.00169%) weekly. A similar net flow from interdealers is associated with 0.041

basis points (0.00041%) rise in the value of the Euro over one day and 0.032

basis points (0.00032%) over a week. Hence, the corporate order flow has a

larger effect on both daily and weekly return changes. The adjusted explanatory

power R2 for the regression model (2) is 7.6% at the daily frequency and 13.6%

at the weekly frequency.

4.2 Robustness

The coefficient on financial flows in the OLS regressions are in fact negative and

significant at the 5% significance level. Interdealer flows and corporate flows

are (strongly) significant at 1% significance level. These results show that ag-
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gregate interdealer flows have information relevant for future returns and play

a role in the price formation process. Corporate customers act as profit takers,

reacting to a change in the exchange rate, with a negative coefficient. Put differ-

ently, corporate customers follow negative feedback rules in that they buy the

currency that has just depreciated. Conversations with dealers and foreign ex-

change sales employees in banks reveal that corporates take advantage of short-

term exchange rate changes to exchange money for non-speculative reasons (e.g

repatriation of funds; Marsh and O’Rourke, 2005). Since the sign is negative on

both corporate and financial flows, negative feedback trading could of course

also hold for the latter. However, given our assumption that financial customers

are more informed it seems irrational by them to react to an exchange rate move-

ment instead of using their superior information to take active positions. By

regressing interdealer order flow on corporate and financial order flow we note

a non-significant relation with corporate order flow and a positive and signifi-

cant coefficient for financial order flow. Hence, although the direct impact from

financial order flow on the exchange rate is negative, interdealers seem to find

the financial flows somewhat informative for future trading. In this way there

is an indirect impact from financial customers flow on the exchange rate. It is

possible to think of a situation where financial customers are informed only so

much such that their order flow has a positive impact on interdealer order flow

but no impact on the exchange rate directly. The reason for this could be that

financial flow only affect the "non-informative" part of dealer flow i.e., the part

that does not correlate with changes in the exchange rate, or that dealers in some

way uses the information of financial flows without financial customers actually

receiving any benefit from it.
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We examine the robustness of our results by estimating a VAR model in order

to check whether there are lead-lag relationships for the three different types of

order flows and the exchange rate. As exogenous variables we use the two

interest rate variables IDIFF and ISLOPEDIFF. The lag order for the endogenous

variables are five for the daily and one for the weekly VAR model.

[Figure 2 about here.]

In figure 2 we show the cumulative impulse responses of the exchange rate

in the VAR to a one standard deviation shock to each of the order flow variables.

The responses are estimated and plotted for each pair of shock and exchange

rate over ten periods. In both daily and weekly figures we have estimated a VAR

with financial order flow first, interdealer flow second, corporate flow third and

the change in the EURSEK rate as the last.10 The two interest variables idiff

and islopediff are considered as exogenous. The cumulative responses indicate

that the effects of the different shocks are permanent as the initial effects are not

reverted. The red lines describe the confidence intervals of our estimates and we

note that the intervals for financial customers include zero in both the daily and

weekly cases. Hence, in contrast to the OLS-results we can conclude that the

IRF for financial customers is not significantly different from zero. On the other

hand, a shock to inter dealer flows generates a positive effect on the exchange

rate whereas a shock in corporate flows affects the exchange rate negatively,

both significantly. Based on the VAR model, the result for financial customers

seems less robust than those for corporate customers and inter dealing banks;

for the latter two, the VAR and the OLS regressions deliver the same qualitative

conclusions. However, the VAR puts considerably greater demands on the data
10Modifying the ordering of the endogenous variables do not change the reactions.
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and estimates many more coefficients than the simple OLS regressions, and one

should not simply disregard the OLS results. To the extent one believes that the

financial flows has some impact on the exchange rate, the OLS results strongly

suggest that it is negative, but the VAR arguably puts some doubts on whether

this impact is permanent or merely transitory.

5 Conclusion

So far there is little evidence that standard macroeconomic models of exchange

rates have anything to say about short term movements other than the impact

of news announcements. There has been a growing literature that suggests the

microstructure approach has something more positive to contribute. In general,

there is a broad consensus that order flow is the central mechanism by which

private information is carried over to exchange rates. In this paper we have

addressed the question whether different market participants act differently in

their trading in EURSEK, which leads to different impacts on the exchange rate.

The conclusion from our study is that overall, the change in the EURSEK ex-

change rate is difficult to explain on the basis of the information contained in

the set of customer order flows. The results are not strongly suggestive of any

significant "push effect" of customer order flow on the variation of the foreign

exchange return. The framework suggested by Sager and Taylor (2006) where

financial customers push the exchange rate can not be confirmed in our data.

Instead, our results confirm the more recent results in the Microstructure litera-

ture that interdealer order flow contains information while customer order flow

does not. Buy orders from financial customers do not cause an appreciation of
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the currency whereas interdealer flows do. For corporate customers, significant

coefficients are found at the daily and monthly horizon. This supports the view

that corporate customers are "pulled" into the market by the price movement

first after a change in the exchange rate has been effected by others. In this

respect they act as liquidity providers since they enter the market in a reaction

to the action of others. So, despite the established view that customer order

flow is considered to be the vehicle incorporating non-public information into

exchange rates, our analysis rather support the view that interdealer flows con-

tain information. Being at the centre of large trading volumes and having access

to skills in treating and interpreting economic data provide interdealers with an

advantage.
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Figure 1
EURSEK and cumulative order flow series
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(C) Corporate customers
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Note: The Figure show four years of the EURSEK exchange rate and cumulative order flows for financial, corporate and
interdealer market participants. Millions of Euro. Source: World Market Rate, Thomson Reuters Data. Sample period:
January 2001 – December 2004.
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Table 1
Descriptive Statistics

DAILY
∆st BANK CORP FIN IDIFF ISLOPED

Mean 0.003 -5.380 1.428 -3.233 0.418 0.252

Median 0.008 0.000 0.000 0.000 0.520 0.170

Maximum 1.904 1190.036 372.308 423.804 1.210 1.070

Minimum -1.753 -1718.714 -596.260 -618.670 -0.830 -0.435

Std. Dev. 0.004 221.315 48.613 89.201 0.534 0.366

Skewness -0.058 -1.131 -0.937 -0.742 -0.488 0.248

Kurtosis 5.267 12.826 40.209 9.609 2.254 1.741

AC(1) 0.037 0.110 0.040 0.006 0.929 0.913

Prob. 0.234 0.000 0.220 0.834 0.000 0.000
AC(2) 0.074 0.140 0.030 0.045 0.911 0.904

Prob. 0.029 0.000 0.279 0.344 0.000 0.000
Jarque-Bera 224.360 4426.347 60436.840 1997.850 65.734 79.749

Probability 0.000 0.000 0.000 0.000 0.000 0.000

Sum 0.027 -5621.876 1492.249 -3378.881 436.860 263.646

Sum Sq. Dev. 0.015 51135549 2467224 8306828 297.612 139.952

Observations 1045 1045 1045 1045 1045 1045

WEEKLY
∆st BANK CORP FIN IDIFF ISLOPED

Mean 0.000 -28.849 6.779 -16.456 0.422 0.244

Median 0.001 36.972 3.147 -1.587 0.520 0.150

Maximum 0.032 1208.780 492.206 494.612 1.150 0.943

Minimum -0.025 -3599.683 -660.331 -1072.593 -0.790 -0.350

Std. Dev. 0.008 624.455 116.434 203.283 0.526 0.360

Skewness -0.037 -1.249 -0.304 -0.878 -0.485 0.297

Kurtosis 4.434 7.790 9.905 6.299 2.262 1.716

AC(1) -0.160 0.265 0.103 0.233 0.882 0.868

Prob. 0.020 0.000 0.135 0.001 0.000 0.000
AC(2) 0.040 0.254 -0.008 0.136 0.859 0.851

Prob. 0.057 0.000 0.324 0.000 0.000 0.000

Jarque-Bera 17.860 252.885 416.388 121.033 12.873 17.347

Probability 0.000 0.000 0.000 0.000 0.002 0.000

Sum 0.015 -6000.661 1409.979 -3422.836 87.850 50.823

Sum Sq. Dev. 0.012 80718468 2806257 8554065 57.351 26.775

Observations 208 208 208 208 208 208

Note: The table shows descriptive statistics for daily and weekly observations of order flows for
the EURSEK exchange rate change, financials (FIN), corporates (CORP) and interbank dealers
(BANK). IDIFF is the difference in three month EUR and SEK Treasury bill rates and ISLOPED
is the interest rate differential of the EUR and SEK yield curve slopes. The EURSEK exchange
rate change ∆s is calculated as the daily and weekly change in the natural log of the spot price
(EURSEK) x 100. The order flows are daily and weekly aggregates for the SEK in millions of
EUR. Sample period: Jan. 2001 – Dec. 2004.
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Table 2
Correlation coefficients

Correlation BANK FIN CORP ∆st IDIFF ISLOPEDIFF D(OMX)
BANK 1

FIN 0.20 1

(0.00)

CORP 0.05 0.08 1

(0.12) (0.02)

∆st 0.23 -0.03 -0.10 1

(0.00) (0.30) (0.00)

IDIFF 0.18 0.04 0.06 -0.01 1

(0.00) (0.18) (0.05) (0.70)

ISLOPEDIFF -0.21 -0.05 -0.04 0.00 -0.92 1

(0.00) (0.16) (0.22) (0.89) (0.00)

D(OMX) -0.07 0.00 0.04 -0.33 0.02 0.00 1

(0.02) (0.88) (0.22) (0.00) (0.58) (0.92)
Note: This table shows the unconditional correlations between the EURSEK log exchange rate
rate ∆s, volumes of order flows, interest rate differentials and the Swedish stock index (OMX).
The change in the foreign exchange rate is daily change in the EURSEK rate. Numbers in
parentheses are p-values. Sample period: Jan. 2001 – Dec. 2004.

Table 3
Customer order flow regressions

Daily

Variable Coefficient (×104) Std. Error (×105) t-Statistic p-value
C 0.140 10.300 0.136 0.892

FIN+CORP -0.026 0.119 -2.135 0.033
R2

0.006

Weekly
C 0.099 43.810 0.023 0.982

FIN+CORP -0.065 0.206 -3.148 0.002
R2

0.045

Note: The table reports OLS estimates, t-statistics and R2 of the coefficients from regressions
of the log exchange rate ∆s on aggregate net customer order flow FIN + CORP. Estimates are
computed over the daily and weekly horizon. Bold p-values denote coefficients significant at the
5% level. Sample period: Jan. 2001 – Dec. 2004.
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Table 4
Disaggregated order flow regressions

Daily

Variable Coefficient (×104) Std. Error (×105) t-Statistic p-value
C 0.435 10.000 0.434 0.664

BANK 0.041 0.069 5.964 0.000
FIN -0.030 0.142 -2.070 0.039
CORP -0.079 0.279 -2.810 0.005
D(IDIFF) -0.001 43.600 -1.859 0.063

D(ISLOPEDIFF) 0.001 65.600 0.862 0.389

R2
0.076

Weekly
C 1.980 44.000 0.450 0.653

BANK 0.032 0.061 5.245 0.000
FIN -0.053 0.210 -2.521 0.013
CORP -0.169 0.471 -3.583 0.000
D(IDIFF) 14.920 218.300 0.684 0.495

D(ISLOPEDIFF) 28.150 244.500 1.151 0.251

R2
0.136

Note: The table reports OLS estimates, t-statistics and R2 of the coefficients from regres-
sions of the form: log(st) − log(st−1) = α + β1OFf in,t + β2OFbank,t + β3OFcorp,t + β4didi f ft +
β5dislopedi f ft + ut. The dependent variable is the log exchange rate ∆s over the daily and
weekly interval. The explanatory variables are interest rates and net order flows for financial, in-
terdealer and corporate customers. Bold p-values denote coefficients significant at the 5% level.
Sample period: Jan. 2001 – Dec. 2004.

Table 5
Disaggregated order flow regressions, no interest rates

Daily

Variable Coefficient (×104) Std. Error (×105) t-Statistic p-value
C 0.421 10.000 0.420 0.675

BANK 0.041 0.069 5.964 0.000
FIN -0.030 0.142 -2.129 0.034
CORP -0.078 0.279 -2.812 0.005
R2

0.072

Weekly
C 1.890 44.200 0.427 0.670

BANK 0.032 0.059 5.495 0.000
FIN -0.054 0.205 -2.614 0.010
CORP -0.164 0.499 -3.276 0.001
R2

0.132

Note: The table reports OLS estimates, t-statistics and R2 of the coefficients from regressions
of the form: log(st) − log(st−1) = α + β1OFf in,t + β2OFbank,t + β3OFcorp,t + ut. The dependent
variable is the log exchange rate ∆s over the daily and weekly interval. The explanatory variables
are interest rates and net order flows for financial, interdealer and corporate customers. Bold
p-values denote coefficients significant at the 5% level. Sample period: Jan. 2001 – Dec. 2004.
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Table 6
Model estimates

Specification didiff dislopediff FIN CORP BANK R2

Daily
I -7.060 5.000 0.003

t-stat (-1.484) (-0.742)
II -0.013 0.001

t-stat (-0.930)
III -0.074 0.010

t-stat (-2.640)
IV 0.0376 0.054

t-stat (-5.647)
V -8.110 5.650 -0.030 -0.079 0.041 0.076

t-stat (-1.859) (-0.862) (-2.070) (-2.810) (-5.964)
Weekly

I 23.530 5.820 0.003

t-stat (-0.805) (-0.290)
II -0.046 0.014

t-stat (-2.187)
III -0.169 0.064

t-stat (-3.275)
IV 0.025 0.042

t-stat (-4.174)
V 14.920 28.150 -0.053 -0.169 0.032 0.136

t-stat (-0.684) (-1.151) (-2.521) (-3.583) (-5.245)

Note: The table reports OLS estimates, t-statistics and R2 of the coefficients from regressions of
the dependent variable log exchange rate ∆s on daily and weekly interest rates (specification
I), financial order flow alone (specification II), corporate order flow alone (specification III),
interdealer order flow alone (specification IV) and all variables together (specification V). The
dependent variable ∆s is the change in the log spot EURSEK from 16.00 on day t− 1 to day t.
All coefficients are multiplied by 104. Sample period: Jan. 2001 – Dec. 2004.
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����

�����	
�����
�

���������
�	�
��
	

��������������
��
	������
�	��
��
�
��
������
���
�
����
��
��
	�
�
����
����
	
�
	��
������
�����
�	�
��
	

���������
��
������
��������
�����
������
�����������
�
��
����
�
�
������
����
��	��	����
��������
��
����
�������
�	�
��
	

��������������
��
	������
�	��
��
�
��
������
���
�
����
��
��
	�
�
���
	
�
	��
������
�	���
	���
��
�
�
�������
��
�
��
������
���
���
��������
��	�
��
	

����������
��
������
������
������
�
���	�������
��
�
��
������
���
�
����
��
��
	�
�
���
	
�
	��
������  ����
�!��"�����#��$%��������
�
�&����
��
�����������
��
'
�	
�
���
���
�
��
��
������
��!��"�����"��#��()�*+����
����,��
��	�
����������
�	�
��
	

����������
��
����������
�	�
��
	

��������
��-������������
��
	������
��.��������
����
����������
���
��
�������()�����/�()����
����
	
����������
�����������
����������	���������
��������
���
��
�������/�����/�()�����������
�
�
'	����
����
���
����)���012�����345���
�	�
��
	

����������
�
6�
����
��
�
��
������
���
���
�����
����������
��
����
�����	��
�������
����
������
������������
����������������
������
�
���	�����
'	����
����
��
�
��
���
����
���
�
������	���������
���������
�������
�
�
�����
��-��
��������
�	�
��
	

����������
��
��������
� �7�
����
������������
����
��
��
��������
�	�����
����
	
�
	��
������
������
�����
����
�����
����()�����/�()���
	��
��
	��
��������
���
���������
������
�������
���
����
���� �7��
��
��
��
���
6���
������������
�
�����
������
��
�����
�
�	���
��������
����
����������
���
����
���

����	
����
�
���
��
����������
�
�	���
���������
�������������
��
���������������
�
8
���
��
	��������
�	�
��
	

����������
��
����������
�	�
��
	

��������������
��
	��������
���	���������
������
����
�()�*+����
����
��������
��
�
�����
���
���	�������
�
����
���
������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
��
�
��������
������
������
8
���
���
�������
����
������
8
�����9��������������
�����	��
�������
���



����

������	�
����
��
����	�����������������
����
��
����������	�
�	������	��	�����
	�
�����������������
�	��������������
��
�		���	�����
������
������������
 �	��������	��
��
�		���	���
����
�����!"#$%�&'(�)$*��
�
��+���	�
�
�	����,-�����.�����.����	����/

�
�������
����	�.
	��

���������
�	����
�
�,��0.�
����

������123��456�7896:;<=>8?@�89A<B7�CD�DE?F<96?7<GH�I���
��
����	���,������
��
�������
,�
����.�����������/

,��������.���������
����
�	�JK�KL&MN'K�N'�(KO&NP�P&QO�QKRONS'TQ�UKVUKQQNS'Q�WSU�MS(KPQ�X�
������������
����������������/

�
���	�

������������,�	����
���
��
����
��
������
�	��.��/��,-�
��
�		�����������
.
��/

�
���	����� Y����
�	���ZZ�
���Z���Z�
�������
��[������
�	���ZZ�
���Z���Z��

. �����	�����.�����.����	�
�����	�
��	��.	-�
�	��.��/��,���
��
.���������/

�
���	��
������	������
�������
��
�		���	��+���������������
����
�	�
���

	�������	�
������������0.�
����

���
��
�		�����
������
��
������
��
�		�����\,�	����,��,���
������������������
�	����
���

	���
��������	�
�����,��������]̂_��������	�������
�
	��
��,��
�.�����,�
�	����

���	�
�����,��������]�����_������������	
���
��
�����
������
/��
�
�	���������
�����
���������	�
��	��.	��������
�	��.��/�������	���� Y�
����ZZ�
���Z��
�������
��[��I����
�	�������
�����	��	�.����
�����,�����.�

��
��������	�����
�����	�
��	��.	-�
	�	���������
����ZZ�
���Z���̀Q�KLaKROK(b�OcKd�&UK�&PMSQO�&PP�aSQNONeKf�g'�OcK�R&QK�SW�hi%b�	�0�����������/���.�

��
�����.�����.����	��������
�������	�����.�����.����	�

��
��/�������
��-�
�����/��



����

������	
�������

�����
���
�
�����������
��
	
��
����	���	���������������
�����������������������������	
�������

�����
���
�
��������������������

�����
��	���
� ���
�
�����������
��
	
��
����	���	!�������������"#$�%&'�()*��+�,����
��
����
������
�������	
����+�,����������� 
��
��������������	
�������

�����
���
�
��������������������

�����
��	���
���������	
�������

�����
���
�
�����������
��
	
��
����	�����������������
���
� ��	
����	-����
������ �
��	�����-�,�	
�,�	.���,�
�����/������ �����/��	��+�"#$+��	��������������������

�����
�������	
�����	!���������	�
+�
������
�	���	�� ���
����
�������0�������� �
�������	
��
�	
�-	����
 ��	-��
	���	

��
�!�
������	�����	
��	���������
��,����
����	-�������
����	��������
��
����	-����
��
���1������	���������� 	��-	����
 ��	-��
	��,����	�
�	����	����	
����/�
���	���-�
���
�-���������	������������,�	�� ��
	!������	
����,�
��
���
�����������	�����	
��2	���������
��,3������
�-�+�������
��,�,���������	/�	�-�����
	!����-�	�
����
�������	�����	
���������
�!���-���	�����/�
���
�����
������
��
�
 ��	-��
	����4��
����,	/+�������
��,�	�
��	��	��� �����	
��
��� ���,�����
���
��-������
���-	�.�
�,����-	
���	��5�+����-	

���,�����-	�����	��	!��������-��	
����
���-	�.�
�	
�
���-�-��
���676��89:�;<=>:�=?;@>A�BC�?@><BD=EFG>:F�B<F:<�CHBI�0���	�	�/����������
������J�	!����� ����
��
�	
�������
��,�������	
���
����	��������
����-���
	�����
�-	��������-���
 ��	-��
	���
���
�������	�����	
�+����� 
���

����
�/+�
����	����������	����	
�����	�	
������K����� ������	�����	�����,��
�	
�������
��,�����
���
�	����/��
�����������
���
�������	�����	
��-���-��
�+�! 
�,���
���������
��	���	����	�� �����
	�������
�,�/��4
�
���-���-��
�����������
��,���� ����!/�
�����	������
�� ���
�
���-	�.�
�	����-��������	�����	
���,��-	/��	����	�����	�!�

��� �����
	�������
�
�������	�����	
��	���������
��,����	
��������-�
������������������������
�������
��,����
 ��	-��
	���������
������J�,�� ���
������

�����
��	���- �
���/�
�����,�
��
���-	�����	��	!����
�����	
��	�������
���������
��,L�



����

�� �����	
������
��������������� ������������ !"#$��!�$� �#!�%&�%#'$#�&(%)�!��!������!�*$+,�#-�./�&".�!�%.�%&�&".'�*$.!�(�0��1$10�%&�!�$�&".'�*$.!�(���.'�!�$�#�!�*$+,�#-�./��%$&&���$.!�1�2$�(�3$(�!����*��#%+�.'"�$'�%#'$#�&(%)1�4.�%!�$#�)%#'�0��.-����&!��.�!�$�#$(�!�,$��* %#!�.�$�%&�!�$�'�&&$#$.!�*��#%�&".'�*$.!�(���.'0��.-����./$��.�!�$�#��(% $��%$&&���$.!��)�((�3$��� !"#$'�3-�!�$�*��#%+�.'"�$'�%#'$#�&(%)1�4.��''�!�%.0�)$��%* "!$�%#'$#�&(%)�#$��'"�(�0�!��!���0�!�$�'�&&$#$.�$�3$!)$$.�!�$���!"�(�%#'$#�&(%)��.'�*��#%+�.'"�$'�%#'$#�&(%)�!%��� !"#$�!�$� �#!�%&�%#'$#�&(%)�!��!����".#$(�!$'�!%�*��#%�&".'�*$.!�(�0��"�����5��$'/�./0�#��6��.'��.,$.!%#-�*�.�/$*$.!�!#�'$�1�� 7��3($�89��.'�8:��3%"!��$#$1;��<��./�!�$�$�!)%��%.�$ !�0���3($��89��.'�8:�#$ %#!�#$�"(!��&%#�'�&&$#$.!�*%'$(�� $��&���!�%.��&%#�!�$�&�,$��"##$.�-� ��#�1�4.�=>?+80�� %!�#$!"#.��@ABCDE�F��#$�#$/#$��$'�%.�3%!��!�$�*��#%+�.'"�$'�%#'$#�&(%)������	
���.'�%#'$#�&(%)�#$��'"�(�����G���H�	
���1$10�%#'$#�&(%)���"�$'�3-�%!�$#�&��!%#��!��.�*��#%�&".'�*$.!�(�1��� @ABCDE�F���IJD���G���H�	
�FK�IL�����	
��MJN�� �O��� 4.�!����*%'$(�� $��&���!�%.0�*��#%�&".'�*$.!�(���&&$�!�!�$�$P���./$�#�!$��.'�#$�!(-�!�#%"/��!�$�*��#%+�.'"�$'�%#'$#�&(%)1�>%#��%* �#��%.� "# %�$�0�)$��(�%�#$ #%'"�$�!�$�?�� $��&���!�%.��.�!�3($��89��.'�8:��.�)������ %!�#$!"#.���#$�#$/#$��$'�'�#$�!(-�%.�!�$��$!�%&�



����

�������	
����

����������
���
�	
��
������	�������������������������
	���������
�������������������� !"�#$%�&'(�)*+��
���������
	���������
��,�����������������
���+*-��./0$%�&'(�120$%3�4���
���
�	
��
����������
�������������4���	���������
�������������������������	���
����3�5������	�
����
�����
��
����������6������

��������
���7����
��7���
8����
�������
��
��
��
�
�����
������������������������	�����������������	���
�����������7���
�����+*-��
�
����	�����������94:;�����������8�� �<
��
�
���������
���:����������
��
��
�6��������
���
	�
��������8��������
��
������������������3�=
�����
��
������
���������������
���
�����������
��������;�
�	�������������6�>��������?@�ABCDEF��
�94:;�������8
�����

��
��������
�����8
����
������
�����������
������������6������	����>?@DGHIJF3�=
����6��
����8���8�
�
8�
��
��
�
���)*+��./0$%�&'(�120$%�������
��������������
����
��������;�
�	�������������6�������8���
��
�
��
�������������6������	���3�4���
���
�	
��
����������
�������	�
�!�K(L�����#$%�&'(�)*+3����=
���������
�����
��������
�����M��
��
�
��
������;�
�	�������������6�����
�
��
������
	���
��������
8��	
�
����������
�����������	
���������
	���
����	������
����������
�
��
����
�
�
���������
8�����������	
����

���3�5����������
�����6�����
��������6�
8N�
����������
�	�������������6������8��������
�
�����
�����������	
����

����ON��� ?@PAQRSTUVPWXYZ[V\]PŴP� >_F�� 5�����
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