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Abstract

In this paper, we apply a series of empirical microstructure tests to the
NZD/USD and AUD/USD. In contrast to a more traditional macro approach
to explaining exchange rate changes, microstructure studies focus on the
role that transactions play in helping the market aggregate information on
individual market participants expectations of economic fundamentals and
risk preferences. Our data comes from the Reuters Spot Matching service,
the main interbank trading platform in both currency pairs, and covers
amost five and a half years of transactions from January 2001 to March
2006, a much longer and more representative time series than many
empirical microstructure applications to date. We find that there is a strong
contemporaneous relationship between net order flow (the net of buyer-
initiated and seller-initiated transactions) and changes in the NZD/USD and
AUD/USD at frequencies from one minute to one week, similar to studies
on other currencies. We aso find that cross-currency order flow has a
positive association with changes in the other exchange rate (ie AUD/USD
order flow has a positive contemporaneous relationship with changes in the
NZD/USD). Findly, we examine a wide range of New Zealand, Australian
and US data releases and central bank interest rate decisions and find that
order flow plays an important role in communicating different
Interpretations of macroeconomic news.
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1 Introduction

Explaining daily and high frequency exchange rate changes has long been a
difficult task for macroeconomists. Exchange rates have highly unstable
relationships with macroeconomic variables at short-to-medium term
frequencies. And exchange rates often fluctuate significantly from day to
day, even in the absence of macroeconomic news or changes in observed
‘fundamentals’. Perhaps the ultimate reflection of just how difficult it isto
model exchange rates using a macro approach was illustrated by Meese and
Rogoff (1983), who showed that a random walk outperformed a series of
macro models in a test of forecasting ability.> Meese and Rogoff’s results
imply that macroeconomists would do better to use yesterday’s level of the
exchange rate as their forecast for today than a model with macroeconomic
variables.

Market microstructure models represent a relatively new approach to
explaining exchange rate changes. In contrast to the macro approach,
microstructure models include a role for trading flows in determining the
exchange rate. Order flow — ‘signed’ trading volumes — is the transmission
mechanism in microstructure models that communicates information
relevant to the exchange rate to the market (Evans and Lyons, 2002a). This
information includes individual market participants’ interpretation of current
macroeconomic variables and their expectations for the future, and
individuals’ risk preferences. Order flow helps the market aggregate these
different views of the underlying determinants of the exchange rate.

Microstructure models therefore do not imply that macroeconomic variables
are unimportant or redundant, but that macro models do not accurately
capture expectations of future fundamentals or different interpretations of
publicly available information. Order flow to some extent is a proxy for
these variables, and is observed by the market in the course of trading
activity. In instances where macroeconomic news is released, order flow
hel ps market participants understand what the economic data or central bank
announcement means for the exchange rate. Surveys of dealers and
anecdotes from market participants suggest strongly that order flow is a key
driver of movements in the exchange rate (Cheung et a, 2004 and Gehrig
and Menkhoff, 2004).

% Meese and Rogoff’s test have been reproduced more recently by Neely and Sarno (2002)
and Cheung et a (2005) with the same conclusions.



The results from market microstructure studies have been startling
compared to previous macro studies. Evans and Lyons (2002a), for instance,
were able to explain amost two-thirds of the daily variation worldg 0

largest currency pairs, the USD/JPY and the EUR/USD, a significant
advance on previously published work in the macro literature. Evans and
Lyons found that interest rate differentials alone had almost no explanatory
power on exchange rate movements, but order flow exhibited a strong
contemporaneous relationship with both currency pairs. Subsequent
research has extended Evans and Lyon’s results to numerous other
currencies, over different sample frequencies, and using a variety of
aternative data sources (see Oder, 2006, and Gereben et al, 2005, for recent
surveys of the literature).

Recently, Berger et al (2005) showed that order flow explained around 50%
of daily exchange rate movements in the USD/JPY and EUR/USD, using
five years of data from the EBS interbank electronic broker system — the
main trading platform for both currencies. To date, however, there have
been very few studies on either the AUD/USD or NZD/USD. Froot and
Ramadorai (2002), as part of a wider study of 19 currencies using
StateStreet data, find a positive relationship between monthly order flow
and changes in the AUD/USD and NZD/USD, athough they argue this
effect is only temporary. Carpenter and Wang (2003) study the AUD/USD
using data from a large Australian commercial bank, and find that order
flow from financial customers and the Reserve Bank of Australia (RBA) has
a positive association with changes in the AUD/USD, although order flow
from non-financial customers — such as exporters and importers— does not
have a significant effect.

The Reserve Bank of New Zealand (the Bank) has an ongoing research
interest in understanding what drives the exchange rate. New Zealand is a
small, open economy and therefore is exposed to movements in the New
Zedland dollar. Monetary policy must consider both the expected path of the
New Zealand dollar in the future, and the impact that interest rate decisions
might have. The Bank also has a foreign exchange intervention mandate,
whereby it can choose to buy or sell New Zealand dollars at extremes in the
exchange rate cycle, if the New Zealand dollar is exceptionally low or high,
deemed to be unjustified by fundamentals, market conditions are opportune

for intervention to have a meaningful impact, and if the action is consistent
with the Bank ’s Policy Targets Agreement (Eckhold and Hunt, 2005). The
Bank also has the power to intervene in the foreign exchange market in



times of extreme market disorder (Gordon, 2005). During an intervention
period the Bank will generate order flow by transacting with the market.
Examining the influence of order flow on the New Zealand dollar, and how
this compares to the Australian dollar, is important in gaining a greater
understanding of how large an impact and how persistent the effects of
intervention might be on the exchange rate.

In this paper we examine the relationship between order flow and changes
in the NZD/USD and AUD/USD using amost five and half years of
transaction-level data from the Reuters Spot Matching service _ gp

electronic broker system. The Reuters system is now the dominant
electronic broker and the main interbank trading platform in both these
currencies, accounting for upwards of 80% of interbank turnover by dealer
estimates.* So our dataset covers a large portion of total trading in, and
should be fairly representative of, the NZD/USD and AUD/USD markets®
Our dataset is much longer than those used for most microstructure studies,
which have been limited to just days in some cases (Evans, 1995 and Payne,
2003).

We find that order flow has a positive contemporaneous relationship with
changes in the NZD/USD and AUD/USD at frequencies ranging from one
minute to one week. At a daily frequency, we find an R of around 30% for
the NZD/USD and around 50% for the AUD/USD, similar to studies on
other currency pairs that have used data from electronic broker systems
(Danielson et al, 2002, Berger et al, 2005, and Rime et al, 2007). We also
find cross-currency order flow has a significant effect on exchange rate
returns in both currencies — for instance, AUD/USD order flow is positively
associated with movements in the NZD/USD. The inclusion of cross-
currency order flow improves the explanatory power of our specifications
by around 15% for the NZD/USD and by around 3% for the AUD/USD.

We also study the reaction of the exchange rate around data releases and
central bank announcementsin New Zealand, Australia and the US. We find

4 A recent paper by the BIS suggests that 68% of spot interbank trading takes place via
electronic broker systems (BIS, 2009). However, dealers suggest this number is probably
higher for the NZD and AUD than other less developed currencies, which contribute to
total spot turnover.

® Since interbank turnover accounts for close to half of all spot FX trading (BI'S, 2007), our
dataset probably represents around 40% of total market-wide trading, a much larger
proportion than those studies that have relied on data from individual banks.



that the exchange rate reacts to both the initial headline ‘surprise’ and order

flow in the first minute after release. In the following minutes, there is
amost no relationship between the headline surprise and movements in the
exchange rate, implying the information contained in the headline release is
incorporated in the exchange rate very quickly. Order flow continues to be
positively associated with exchange rate movements in the minutes and hour
that follows the announcements, suggesting that the market learns the
information that is contained in the detail of the data release gradually.

Our paper is divided into seven sections. In Section 2 we provide a short
history of the theory and motivation for the microstructure approach to
exchange rate determination. In Section 3 we describe the structure of the
global FX market. In section 4 we describe our dataset and outline some
general features of alimit order market. In Section 5 we report our empirical
results on the relationship between order flow and the NZD/USD and
AUD/USD over our five and a half years of data. In Section 6 we study the
reaction of the NZD/USD and AUD/USD around data releases and central
bank announcements between January 2004 and March 2006, and in Section
7 we conclude.

2 Mar ket microstructure — a selective history

Market microstructure models have been applied to the equity market since
the 1980s. Only more recently however have they been extended to foreign
exchange (FX) market, primarily because transaction level data in the FX
market was difficult for researchers to access prior to this. Kylés (1985)
model was one of the first microstructure models, and is still applied widely
to arange of markets today, including the FX market.

In Kyle’s model, dealers make prices for two types of customers— informed
customers with private information about the underlying value of the asset,
and uninformed customers who trade randomly (for example, because of
shocks to their liquidity requirements). Dealers cannot differentiate between
the two types of customers, so they revise their price quotes after customers
trade with them to reflect the possibility they have traded with a more
informed party. Therefore, there is a positive and causal relationship from
customer order flow (X ) to changes in the asset price, known as the

information effect. Equation 1 shows the reduced form equation from



KYle:s model, where 8 > 0 and measures the sensitivity of the price maker's
guotes to incoming customer orders.

AP, = o + X, + &, (1)

Kyle’s model has a natural application to the equity market, where
individuals sometimes have private information and trade in advance of
upcoming earnings results and corporate announcements. In the FX market,
it is rare for market participants to have private information on upcoming
macroeconomic data releases or other information that is relevant for the
exchange rate. Instead, a better interpretation of informed investors in the
FX market are those market participants who have better quality analysis of
public macroeconomic and market information which provides more
accurate forecasts of the exchange rate in the future (Evans and Lyons,
2005b).6 Although the coefficient 8 can only be interpreted as the price-
impact of order flow under certain restrictive assumptions (such as the
dedler and informed investors are risk neutral), Kyle’'s model has been
heavily used in empirical applications to the FX market (for instance,
Berger et al, 2005 and Rime et al, 2007 among others).

In contrast to the Kyle model, the Evans and Lyon’s (2002a) model is based
specificaly on the structure of the FX market, and provides a stronger
theoretical basis for the relationship between order flow and exchange rate
changes. Evans and Lyons model the exchange rate (ER ) as an asset price,
which is equal to the sum of discounted future interest rate differentials,

such as that shown in Equation 2 below.” In this framework, the exchange
rate will change if expectations of future interest rate differentials

® There are variations on traditional macro models that incorporate some heterogeneity
among market participants. Some models assume that market participants are
symmetrically heterogeneous — that is, they differ, but in the same way. Some asset price
models have incorporated ‘noise’ or ‘liquidity’ traders who trade in a different way to
rational speculators (Kyle, 1985, Black, 1990). Finally, some models incorporate a central
bank that has private information about future monetary policy settings. However, none of
these methods fully incorporate the diverse nature of market participants in the FX market.

" In reality, market participants invest in a range of instruments besides just interest rate
products, such as equities and property, whose value also depends on movements in the
exchange rate. Therefore, in a broader sense, the exchange rate is the discounted sum of
future payoffs which depends on a broad set of fundamentals.



D E (rt -1 )Hk change, or if the market-wide discount rate (which
k=0

represents the collection of individuals' risk preferences), d, changes.

- . Et (rt _rt* )t+k
R =2y ‘2’

In the Evans and Lyons model, there are three stages to trading over the
course of a day. At the start of the day, public information on the

fundamental value of the currency, (r —r ) is revealed, after which dealers

quote prices and then customers trade with the dealers. Customers trades
are driven by exogenous factors which influence their demand for the
currency, like hedging requirements, and are not related to interest rate
differentials. In the second stage, dealers trade with each other in the
interbank market, and in the process learn about the market-wide customer
demand for the currency. Finally, at the end of the day, dealers clear their
positions by trading with the customers again. The exchange rate adjusts in
the last round to trading via the discount rate to entice customers to take the
dealers’ positions from them.

Evans and Lyons estimate the change in the exchange rate as a linear
function of cumulative order flow and changes in the interest rate
differential (see Equation 3). Similar to the Kyle model, 8 > 0 and measures
the sengitivity of the exchange rate to interbank order flow. In Evans and
Lyon’s model however, order flow in the interbank market communicates
information about the market-wide discount rate associated with holding a
currency. The impact of order flow on the exchange rate due to changes in
risk preferences is referred to as the portfolio balance effect or the liquidity
effect.® y measures the sensitivity of the exchange rate to changes in the
interest rate differential.

AER, = BX, + yA(r, - rt*) T & ©)

8 Evans and Lyon’s model requires that assets in different currencies are imperfect
substitutes and market participants are risk averse, which implies the market demand curves
for different currencies are downward sloping. Osler (2006) suggests that there is good
reason to believe both these conditions are met, and shows a chart of RBS take-profit orders
in USD/JPY asillustration that demand isindeed downward sloping.



A broader interpretation of the Evans and Lyons model is that order flow
communicates information on both market participants ;g preferences and

macroeconomic fundamentals not captured by changes in interest rate
differentials. This can include information on (1) informed investors
expectations of future interest rates and other economic variables, and (2)
timely information on the state of the economy that is generated by the FX
activity produced by businesses and consumers (Evans and Lyons, 2006).
While dealers might know nothing of the individual circumstances of
businesses and consumers, they can gradualy learn how the economy as a
whole is doing by observing the aggregate trading activity in the market
(and before government agencies publish economic statistics for past
months and quarters).

3 The global foreign exchange mar ket

The FX market is larger and more liquid than any other financial market in
the world. Average daily trading volumes in the spot FX market— which is
the market of most relevance for the determination of the exchange rate —
across all currencies was just over USD 1 trillion in 2007 (BIS), compared
to around USD 565 hillion in the US Treasury market and USD 120 hillion
on the New York Stock Exchange (see figure 1)° The FX market is a 24
hour global market, starting at 8am Sydney time on Monday morning and
running uninterrupted until 5om New Y ork time on Friday afternoon (with
the exception of public holidays).

The FX market has a very diverse range of participants.'® These participants
include financial customers such as hedge funds and pension funds, non-
financial customers, such as exporters/importers and central banks, and
dealers, whose main role is to intermediate between buyers and sellers.
These players have different objectives (from making speculative profit to
purchasing foreign currency to pay for goods and services), time horizons
for their positions, risk tolerances, and different opinions on the economic
outlook and exchange rates.

® Trading in the FX swap market, which is the largest component of the FX market, has no
effect on the exchange rate. When most people refer to trading in the FX market, they are
usualy referring to the spot market, in which parties agree to settle the transaction two
business days later (for most currencies)

19 See Sager and Taylor (2006) for a detailed explanation on the structure of the global FX
market and Smyth (2007) for a profile of the NZD FX market using the same dataset from
Thomson Reuters.



Figurel

Average daily trading volumes on the NYSE, US Treasury bond
market, and the spot FX market
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http://www.newyorkfed.org/markets/gsds/search.cfm . The data from the Federal Reserve
Bank of New Y ork does not include all trading activity because it does not include trading
between non-primary dealers and it includes some double counting from trading activity
between primary dealers.

Customers buy and sell currencies from dealers at investment and
commercial banks (the customer-dealer market is represented by the blue
areas in schematic below). Most customers tend to deal directly with
dealers — either electronically or by phone— however, an increasing number
of financial customers now use electronic trading portals run by investment
banks to trade currencies.** Some financial customers, like hedge funds,
prefer ‘portals’ because they offer anonymity, so other market participants
can’t discover their trading positions and styles. Trading between financial
customers and dealers represents around 40% of total turnover in the FX
market, while trading between non-financial customers and dealers
represents around 17% (BIS, 2007). Interbank trading represents the
remaining 43% of total turnover in the FX market.

" Barclays, Deutsche Bank and UBS operate the three main portals.


http://www.world-exchanges.org/statistics/time-
series/value-share-trading
http://www.bis.org/press/p071219.htm
http://www.newyorkfed.org/markets/gsds/search.cfm

Stylised view of the modern FX market
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Dedlers at investment banks also trade actively amongst themselves in the
interbank market. Dealers clear customer flows in the interbank market, as
well as take speculative positions themselves if they have a view on the
likely direction of the exchange rate. In the past, banks would trade with
each other directly, either over the phone, or over an electronic trading
system that allows for bilateral conversations between dealers, like the
Thomson Reuters Dealing. Dealers were expected to show liquidity— that is
show a two way, buy and sell price on an agreed parcel size — when
requested by another bank. Hence, most early microstructure studies used
data either from investment banks’ individual trading records (for instance,
Carpenter and Wang, 2003, and Evans and Lyons, 2006) or from the
Thomson Reuters Dealing (for instance, Evans and Lyons, 2002a). The vast
majority of interbank trading now takes place through electronic brokers, in
particular the Reuters Spot Matching service and the EBS system.

The interbank market has traditionally been where the price discovery
occurs in the FX market because bank dealers have traditionally been the
main active players in the market, trading frequently during the day to
manage their positions. While most of the price discovery still goes on in
the interbank market, price discovery also now takes place over the portals,
where hedge funds and other financial customers trade actively.



4 Data

Our data comes from the Reuters Spot Matching service. The Reuters Spot
Matching service is essentially an electronic limit order book, where dealers
at banks can leave limit orders (orders to buy or sell a specific quantity of a
currency at a specific price) or use market orders (orders to buy or sell a
specific quantity at the best available limit order price(s)). The market can
always see the best available limit orders— that is, the highest bid and the
lowest offer — and the quantities attached to these, but deaers cannot see
any orders behind the best prices® When a trade takes place over the
electronic broker, the market sees the price of the trade and the direction of
the trade (that is, whether the incoming order that completes the trade is a
buy or a sell order). However, the market does not find out who the
counterparties to the trade were or the volume that was traded.

Our dataset covers the period from 1 January 2001 to 16 March 2006 and
includes details on every single order that was entered into the system over
this time — around 14 million AUD/USD data entries and 4 million
NZD/USD data entries — time stamped to the millisecond. From the original
dataset of orders, we constructed a derived dataset of transactions using an
algorithm to match up the two (and sometimes more) sides of each trade.
Our transactions dataset has details on the volume traded, the direction of
the trades, the price, and the type of order (ie l[imit order or market order).
Our dataset includes around 4.9 million AUD/USD transactions and 1.2
million NZD/USD transactions.

To measure order flow, we multiply the traded volume by the direction of
the trade (where a buy order that results in an immediate trade takes a value
of +1 and a sell order that results in an immediate trade takes a value of —1).
Figure 2 and figure 3 below show the relationship between the NZD/USD
and AUD/USD and cumulative order flow between January 2001 and
March 2006.

12 Dealers actually see the best prices available to the market and the best prices available
to them posted by counterparties they can deal with. Sometimes, a bank will not have
counterparty limits with the bank that has a best limit order price that is shown to the
market. It is also possible to leave “iceberg” limit orders — these are orders that do not
reveal the total quantity, and appear as a smaller order than they actually are.

10



Figure?2
NZD/USD and cumulative order flow
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Figure 3
AUD/USD and cumulative order flow
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We have six daily observations each week. We measure daily order flow for
Mondays from the first trade on Monday morning until 17:10 NZ time

11



Monday evening, then for Tuesdays from 17:10 NZ time Monday to 17:10
NZ time Tuesday etc. We measure daily order flow on Friday from 17:10
NZ time Friday until the last trade on the Saturday _ usually around 10:00-

11:00 NZ time — just before the New Y ork market closes for the week. Our
approach differs slightly from most order flow studies on major currencies,
which usually exclude observations on Monday morning NZ time because
trading volumes are relatively light (Berger et al, 2005). However, we did
not consider this appropriate for the NZD/USD or AUD/USD because local
data is sometimes released on Monday mornings, and the exchange rates
can react significantly around these times.

Table 1 provides some descriptive statistics for our dataset. Over the five
and a quarter year period, both NZD/USD and AUD/USD order flow has
been positive on average. Our dataset captures a period of extended
appreciation for both currencies, so it is unsurprising that we find order flow
has been positive on average, although it is interesting to note that order
flow does not fall by much during times when the two currencies have
depreciated (such astook place in 2005).

Tablel

Descriptive order flow statistics— January 2001 - Mar ch 2006
NZD/USD | Average Absolute Standard Maximum  Minimum

Average Deviation

Minute 0.07m 3m 4m 112m -230m
Hour Im 14m 25m 284m -551m
Day 25m 91m 133m 759m -882m
Week 151m 288m 389m 1787m -1618m
Month 651m 775m 795m 3480m -822m

AUD/USD | Average Absolute Standard Maximum  Minimum
Average Deviation

Minute 0.21m 6m m 177m -204m
Hour 8m 41m 64m 773m -680m
Day 255m 302m 383m 1688m -1232m
Week 1528m 1544m 942m 4383m -751m
Month 4148m 4258m 2562m 9358m -1869m

Source: Thomson Reuters, RBNZ calculations

12



5 Econometric Results

5.1 Priceimpact analysis

We start by examining the contemporaneous relationship between order
flow and changes in the exchange rate shown in Equation 4 in the spirit of
Kyle’s (1985) asymmetric information model. We estimate Equation 4
using Newey-West standard errors to correct for heteroscedasticity and
serial correlation in the residuals.

AER =a+ X +¢, (4)

We find that the B coefficient is positive at frequencies ranging from one
minute to one month for both the AUD/USD and NZD/USD, consistent
with microstructure ex ante expectations. Moreover, the coefficient gets
larger for higher sampling frequencies — table 2 shows that at a minutely
frequency the B coefficient is 0.0024 for the NZD/USD and 0.0012 for the
AUD/USD over the full five and a quarter year period. The coefficient
estimates suggest that NZD 100 million positive order flow over a one
minute period is associated with a 0.0024 (or 24 ‘pip) appreciation in the
NZD/USD on average, while AUD 100 million positive order flow is
associated with a 0.0012 (12 pip) appreciation in the AUD/USD. Although
the B coefficients will be biased if there is feedback trading — that is, if
changes in the exchange rate also have a contemporaneous impact on order
flow — our informa discussions with traders provide us with some
confidence our coefficient estimates are of arealistic magnitude.

The coefficient estimates for  are much higher for the NZD/USD than the
AUD/USD.™ This result could be due to two factors. First, given the
AUD/USD market is larger and more liquid, it may be more informationally
efficient, in which case the market might assign alower probability to order
flow carrying private information — that is, order flow might have a smaller
information effect on the AUD/USD.* Second, because the AUD/USD

2 We note that our findings here are the opposite of Froot and Ramadorai (2002).

 Here we refer to private information very broadly (Lyons, 2001). For instance, private
information could refer to individual analysis of the economy and the exchange rate. If the
NZD/USD market is not covered to the same extent as the AUD/USD market by analysts
and ingtitutional investors, then there may be greater asymmetric information in the
NZD/USD market.

13



market is more liquid that the NZD/USD market, similar size flows might
have a smaller impact on the AUD/USD if there are more potential
counterparties to take the other side of the transaction _ th4 is order flow

might have a smaller liquidity effect on the AUD/USD." Our discussions
with market participants suggests that the latter is likely to be a far more
important driver of this result, as both currency markets tend to be widely
followed and are both very informationally efficient.

Table2
Coefficients from pricelimpact regressons for NzZD/USD and
AUD/USD

AER =a+ pX +¢,
Frequency Stats NZD/USD AUD/USD

Minute B 0.0024 0.0012
t-stat (90.8) (206.8)
R? 0.14 0.21

Hour B 0.0019 0.0009
t-stat (46.6) (78.8)
R? 0.20 0.40

Day B 0.0015 0.0007
t-stat (17.2) (31.3)
R? 0.28 0.49

Week B 0.0012 0.0006
t-stat (7.34) (19.4)
R? 0.32 0.51

Month B 0.0006 0.0004
t-stat (2.21) (5.55)
R? 0.08 0.29

Note: The estimated constants are not shown as they are not significantly different to zero
for most of the specifications. The R? for this specification differs from the results in
specification 1 in table 3 for the AUD/USD because the sample period is larger. In table 3
we include only days where we have data on New Zealand interest rates and NZ order flow
because we need to include a cross currency order flow effect on the AUD/USD.

Source: Thomson Reuters, RBNZ calculations.

!> Figure 12 in the Appendix shows that spot FX turnover in the AUD is substantially
higher than the NZD. Other measures such as the depth of the order book and bid offer
spreads also suggest the AUD is much more liquid than the NZD — these statistics are
obtained from the Thomson Reuters dataset but not shown.

14



The simple price-impact regression explains around 30% of daily changesin
the NZD/USD between 2001 and 2006 and amost 50% of changes in the
AUD/USD, results similar to studies on other currencies (for instance,
Berger et al, 2005 and Rime et al, 2007). Importantly, to the extent that the
exchange rate follows a random walk at a daily frequency, our findings
provide some evidence that the effect from order flow to the exchange rate
is persistent (Evans and Lyons, 20023).

The R2 s g0 significantly higher for the AUD/USD than the NZD/USD.
This probably reflects the more developed nature of the AUD/USD
electronic broker market during the early part of our sample period, which
means that the trading activity captured by our dataset was more
representative of market-wide trading activity than for the NZD/USD. In
2005 and 2006, a time in which the Reuters Spot Matching service had
established itself as the dominant interbank trading platform in the
NZD/USD, the R? for the two currencies is more similar.

5.2 Trendsover time

To test whether the relationship between order flow and the exchange rate
has changed over our sample period we run a rolling cumulative regression
on Equation 4 from the start of 2002, one year into our dataset. Figure 4
shows that the coefficient p has trended lower for both the AUD/USD and
NZD/USD over the past four and a half years.

We also run Equation 4 separately on each of the six years of our dataset.
Figures 5 and 6 show that the coefficient estimates of § have decreased over
the past five years, implying that order flow has had a smaller effect on the
exchange rate in the latter years of our sample. It is very likely that thisis
due to the increase in the liquidity in both currencies and the increasing use
of the Reuters %oot Matching service as the main interbank trading
platform. *® The R has also increased in more recent years, above 40% in
2005 and above 50% in 2006 for both currencies at a daily frequency,
implying that order flow now explains a greater proportion of movementsin
these exchange rates (results not shown).

'® Figures 11 and 12 in the Appendix show AUD/USD and NZD/USD turnover has
increased in recent years. Figure 11 shows turnover from the RBNZ and RBA FX turnover
surveys — that is turnover from NZ and Australian based financial institutions respectively.
Figure 12 shows turnover from the BIS triennial FX turnover survey, which covers global
trading in both currencies.
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Figure4

Recursive estimates of g tor the NZD/USD and AUD/USD from
equation 4
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Source: Thomson Reuters, RBNZ calculations

Figure5
Estimates of p by year —- NZD/USD
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Figure 6
Estimates of B by year - AUD/USD
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Source: Thomson Reuters, RBNZ calculations

5.3 Order flow and interest rate differentials

In the Evans and Lyons (2002a) model, daily exchange rate changes are a
function of both order flow and changes in interest rate differentias. Like
Evans and Lyons, we find that the inclusion of interest rate differentials
adds little to the explanatory power of the model, suggesting that order flow
is a much more important determinant of daily exchange rate returns in the
NZD/USD and AUD/USD (see table 3). On their own, interest rate
differentials explain almost no movement in either the NZD/USD or
AUD/USD. In fact, the relationship between the two has shifted from
positive to negative at times over our sample period (see figures 7 and 8).
Order flow on the other hand, explains around 30% to 50% of movementsin
the two currencies.
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Figure?7

Daily changes in the NZD/USD & the 2 year swap differential: 2001 -

2006
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Figure 8

Daily changes in the AUD/USD & the 2 year swap differential: 2001 -

2006

—Linear (2001)
= Linear (2002)
—Linear (2003)
—Linear (2005)
—Linear (2004)
= Linear (2006)
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We also augment the Evans and Lyons (2002a) equation to allow for cross-
currency order flow effects and a lagged effect in order flow (see Equation

5)- § measures the impact of 100 million of currency j cumulative order flow
on exchange rate i while 6 measures the impact of 100 million cumulative
order flow in the last period on today’s exchange rate changes.

AERi,t :a+ﬂ(i,t+7A(rt_rt*)+5Xj,t +@(i,t—1+gt (5)

We find that the cross-currency order flow term is statistically significant
for both the NZD/USD and AUD/USD specifications and increases the R?
in both cases, particularly so for the NZD/USD. Our estimates suggest that
AUD 100 million daily order flow is associated with around a 0.0004 (4
pip) change in the NZD/USD, whereas the same quantity of NZD order flow
is associated with around a 0.0009 (9 pip) change in the NZD/USD.

The significance of the cross-currency order flow variable captures the close
and integrated nature of the NZD/USD and AUD/USD markets. Investors
often ‘lump’ — and trade — the two currencies together, either as part of the
‘dollar bloc’, as commodity currencies, as ‘high yielding’ currencies, or in a
regional basket.!” Traders also use the AUD/USD market sometimes to
hedge positions in the NZD/USD, because it has historically had a close
correlation with the NZD/USD but is more liquid and easier to transact large
amounts quickly. Our empirical results suggest that when traders observe
aggressive buying or selling in the AUD/USD, the NZD/USD tends to move
in the same direction.

7 Both the AUD/USD and NZD/USD were recipients of ‘carry trade’ flows between 2001
and 2006, particularly towards the latter part of our sample. A ‘carry trade’ is an investment
strategy which involves borrowing in a low yielding currency and investing in a high
yielding currency. The investor earns the interest rate differential as well as any currency
appreciation. A paper by the BIS (2007) documents evidence of the carry trade and its
effect on currency markets.
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Table3
Estimation results for the NZD/USD and AUD/USD over a daily

frequency _ yarjous specifications

NZD/USD AUD/USD
Spec 1 Spec 2 Spec 3 Spec 1 Spec2  Spec3
Own currency order
flow (B) 0.0015 0.0015 0.0009 0.00072  0.0007 0.00062
17.2) (17.0) (12.3) (36.0) (29.8) (26.4)
;?f;geﬁt'&'?;‘;m rate 00010  0.0008 0.0006  0.00058
4.2 (4.5 (3.9 (3.8)
Cross currency order
flow (3) 0.0004 0.00057
(16.8) (7.1
Lagged own currency -
order flow (6) -0.0002 0.00007
(-2.6) (-4.2)
R? 0.28 0.30 0.44 0.45 0.46 0.49
Durbin Watson 2.08 2.10 2.04 1.95 1.95 211

Note: All equations estimated with Newey-West consistent standard errors. The R? for this
specification differs from the resultsin table 2 for the AUD/USD because the sample period
is smaller. We include only days where we have data on New Zealand interest rates and
New Zealand order flow because we need to include a cross currency order flow effect on
the AUD/USD. All specifications are estimated with a constant, although our estimates of
the constants are not shown, as they are very close to zero for all specifications. t-statistics
for the coefficient estimates are shown in brackets. All coefficients are significant at a 1%
level, except for lagged own currency order flow for the AUD, which is significant at a 5%
level. The estimated constant is not shown, and is not significantly different to zero for
most of the specifications.

Source: Thomson Reuters, RBNZ calculations

We find that the coefficient for the cross-currency order flow variable is
amost as large as the own-currency order flow variable in the AUD/USD
specification. We are cautious about interpreting the relative magnitude of
this coefficient given that the AUD/USD market is much larger than the
NZD/USD market, and the AUD — rather than the NZD — tends to drive
currency movements in the region. Our estimate of the cross currency order
flow coefficient likely picks up the correlation between NZD and AUD
order flow. Indeed, the inclusion of the cross-currency order flow variable
does not increase the explanatory power of the AUD/USD equation nearly
asmuch asit does for the NZD/USD equation.

The lagged order flow variable is also statistically significant and has a
negative sign for both the AUD/USD and NZD/USD, implying that the
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exchange rate overreacts slightly to current-period order flow. However, the
magnitude of the lagged order flow coefficient is much smaller than the

contemporaneous coefficient _ oyr results imply that NZD 100 million
positive order flow on day t is associated with around a 0.0007 (7 pip)
appreciation by the end of day t+1 while AUD 100 million positive order
flow is associated with around a 0.0005 (5pip) appreciation in the
AUD/USD.

6 The reaction of the NZD/USD and AUD/USD to
data releases and central bank announcements

Financial markets receive new information on a regular basis. Treasury and
government officials make speeches, chief executives of major companies
comment on their future prospects, analysts and strategists release
investment advice, government agencies release official statistics on the
economy, and central banks make interest rate decisions. As information
comes to hand, market participants revise their views on the economic
outlook and exchange rates move to reflect the new information.

The high frequency nature of our dataset means we can anayse how the
market responds around scheduled data releases and central bank decisions,
and in particular the role that order flow plays in the price discovery
process. Around news announcements, the macro approach and the
microstructure approach predict very different outcomes.

The macro approach typically assumes that investors are homogeneous and
have rational expectations, so it follows that the exchange rate reacts
instantly after the release of new information to a new market clearing level.
Investors understand the implications of the new information perfectly and
identically, and therefore there is no trading at prices other than the new
market clearing exchange rate. In fact, the macro approach implicitly
assumes that the exchange rate only changes at times when new
fundamental information is released.

These conclusions however are at odds with what we observe in the market:
trading volumes are usually high around the release of important new
information; exchange rates are often very volatile (in some instances for
some time after the information is released); and since data is often
ambiguous, market participants draw different conclusions about what it
means for the exchange rate. Figures 9 and 10 show the reaction of the
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NZD/USD and AUD/USD to the release of US non-farm payrolls in early
November 2005. The USD initially weakened against both the NZD and
AUD as markets reacted to the lower than expected increase in jobs created
(56,000 vs. 120,000 expected), but later strengthened (the NZD/USD and
AUD/USD decreased) as markets instead focused on the lower than
expected unemployment figure (5.0% vs. 5.1% expected). Order flow is
highly correlated with the moves in the exchange rate over the two hours
following the payrolls release.

Figure9
AUD/USD and cumulative AUD/USD order flow around the release of
US non-farm payrolls, November 5t o005 2:30am NZT
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Source: Thomson Reuters, RBNZ calculations

Evans and Lyons (2003) refer to common knowledge as information
provided by data releases and other announcements that is unambiguous,
and which the exchange rate reacts to immediately — this is the only impact
that the macro approach considers. In our example above, it’s difficult to
say there was any common knowledge because the two components of the
US non-farm payrolls report were giving conflicting signals.'® Non-common

18 For the purposes of our study, we consider common knowledge to be the headline data
surprise, as shown in Equation 6. In this example, the common knowledge would be the -
64,000 surprise in non farm payrolls, which as shown in figures 9 and 10 resulted in an
initia rise higher in the NZD/USD and AUD/USD.
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knowledge is information that can be interpreted in different ways, and
which the exchange rate reflects gradually as a result of the subsequent
trading activity. If a US data release has a positive headline surprise, we
would expect the US dollar to appreciate immediately as market reacts to

the “good news’. Afterwards, market participants buy or sell based not so
much on whether the data is good, but on “just how good” they think the
Newsis.

Figure 10
NZD/USD and cumulative NZD/USD order flow around the release of
US non-farm payrolls, November 5™ 2005, 2:30am NZT
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Microstructure studies have examined the role that order flow plays in
communicating non-common knowledge around data releases (Evans and
Lyons, 2003, Love and Payne, 2003, Berger et al, 2005, Rime et al, 2007).
In one of the seminal microstructure studies on how the FX market absorbs
macroeconomic news, Evans and Lyons (2003) found that only 10% of
exchange rate moves are due to the direct effect of news on the exchange
rate — what could be considered common knowledge. Evans and Lyons
found 20% of moves were due to the indirect effect of news upon order flow
— non-common knowledge — while 40% was due to order flow unrelated to
the release of news. Using daily data, Rime et a (2007) found that the
exchange rate reacts to macroeconomic news both directly, and via order
flow. Berger et al (2005) found that news affects order flow only for a very
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short time after its release, implying that the foreign exchange market
processes common knowledge information very quickly.

We look at a series of scheduled New Zealand, Australian and US data
releases and central bank interest rate decisions between January 1 2004 and

March 16 2006.19 \y/e choose to start our sample at the beginning of 2004
because trading activity — particularly in the NZD/USD — prior to this was
sometimes sporadic around data releases.® Since exchange rates are
forward looking and market participants anticipate future data releases and
central bank announcements, we look at the ‘surprise’ between the actual
data outturn and the median economist estimate taken from Bloomberg?
For central bank decisions, we use OIS prices to determine the markets
expectations of the following day’s interest rate decision (see Choy, 2003,
for a discussion of how central bank policy rate expectations can be
extracted from OIS prices). We standardise the surprises by the dividing by
the standard deviation of surprises over our two year and three month period
asin Equation 6 below.

X, — E(X
Zth — it ( I,t) (6)
GX
where:
Zy = The standardised surprise for datareleasei at timet
Xi t = The actual outturn for datareleasei at timet
E[x] = The median economist estimate of datareleasei at timet
oy = The standard deviation of announcement surprises for data release i between 1
January 2004 and 16 March 2006

19 Where there are two US data releases occurring at the same time, we leave both data
releases out of our sample because on occasions they can give conflicting signals— so there
is not necessarily common knowledge. For Australian data releases, there were three
occasions when retail sales was released at the same time as current account data — we use
current account data for our study.

% On some occasions, in particular in 2001 and 2003, there was no trading in the ten
minutes that followed a large data surprise over the Reuters Spot Matching Service. We
therefore did not think that the earlier data would be representative of the overall trading
activity in the market around data releases (transactions could have taken place over the
phone or viabilateral electronic conversations between banks instead).

21 Although economist estimates area usually finaised and published a week or more in
advance of scheduled data releases, they are usually used as a benchmark by investors for
market expectations.
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In table 4 we show the results of an OL S regression between data surprises
and order flow in each of the three minutes following their release.
Specifically, we estimate the following equation:

X =a+&Z +¢,, fork=0,1,2 minutes after release i (7)

We find that New Zealand data surprises explain around 25% of NZD/USD
order flow in the minute after release, while Australian data surprises
explain around 37% of AUD/USD order flow. US data releases explain
around 20% of NZD/USD and AUD/USD order flow in the first minute
after release (see table 10 in the Appendix). In the following two minutes
after the release, the explanatory power of data surprises drops to close to
0% for US data releases, and only 2% to 9% for New Zealand and
Australian data rel eases.

Our results suggest that the FX market reacts very quickly, with dealers
trading in the direction of the data surprise in the first minute after release.
However, there is little explanatory power after the first minute, implying
that information that is unambiguous— the “surprise” — is traded on (and by
extension, incorporated in the exchange rate) within the first minute. In
fact, for the RBA and RBNZ cash rate decisions, there is a negative
relationship between the announcement surprise and order flow in the
subsequent minutes, implying that dealers tend to overreact initially, and
trade in the opposite direction afterwards, albeit in smaller quantities of net
order flow.

The announcements that tend to cause the greatest net order flow for a
given headline surprise include Australian employment and GDP and New
Zedland GDP — al economic indicators that tend to have an important
bearing on monetary policy expectations if there is a significant surprise®
Our results imply for instance that a one standard deviation positive
surprise in Australian employment (in our sample, equivalent to around a
28,000 surprise increase in employees hired) is associated with AUD 46
million net order flow in the first minute after release. New Zealand and
Australian data surprises also tend to be associated with greater order flow
after their release than US data surprises, possibly because we have
included a number of second-tier US data releases that tend to have less

%2 The coefficient estimates for the RBA cash rate decisions are relatively small, mainly
because there were few monetary policy surprises over our two and a half year period.
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bearing on market participants: yiews of the economic outlook and
monetary policy expectations.

Table 4. Order flow and data surprisesin the 3 minutes following New
Zealand and Australian data releases
X = +&Z +&,, fork=0,1,2 minutes after release

NzD/USD AUD/USD
Minute Minute
Rel ease 1st 2nd 3rd 1st 2nd 3rd
Trade 4 8.7 7.6 2.3 15.2%** 6.9%* 3.6*
Balance R 0.25 0.30 0.14 0.33 0.31 0.08
RBNZ/RBA 8.6** 21 -19 3.6 -0.1 -3.8*
cash rate R 0.22 0.01 0.01 0.14 0.00 0.13
) 4 8.6* 4.6%* 3.5%* 14.3** 4.3 3.6

Retail sales

R 0.18 0.26 0.20 0.28 0.08 0.05

4 22.8 6.4 31 23.3%** -0.9 6.9
GDP

R 0.36 0.07 0.06 0.67 0.00 0.23
P 4 104 -4.3 -1.2 10.8*** 7.2%* 5.0%*

R 0.47 0.29 0.04 0.80 0.39 0.43
Current 4 7.1%* 39 0.2 7.0* 2.4 1.9
account R 0.43 0.21 0.00 0.25 0.07 0.03

Z -10.7** -1.1 -15 45.4*** 4.4 9.2%*
Employment

R 0.46 0.11 0.04 0.60 0.03 0.20
AlINZ & 4 Q. 7*** 4.1x** 1.5* 20.2%** 3.5%* 3.1**
Australian
releases R 0.25 0.09 0.02 0.37 0.05 0.05
All US 4 -3.4%** -0.8*** -0.6** -10.6*** -2.5%** -0.4
releases R 0.20 0.02 0.01 0.21 0.03 0.00

Note: the coefficient on surprises for US data releases is negative, as expected, because
better than expected US data surprises cause net NZD/USD and AUD/USD sdlling
pressure. In addition, the coefficient on New Zealand employment is negative because we
use the unemployment rate, rather than the increase in the number of people employed, asin
Australia and the US. The estimated constant is not shown, and is not significantly different
to zero for most of the specifications.

Source: Thomson Reuters, RBNZ calculations

Next, we look at the relationship between order flow and the exchange rate
around news announcements. Microstructure theory predicts that order flow
should have a greater impact on the exchange rate around data releases and
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central bank announcements since market participants, and in particular
dealers, are very sensitive to how others interpret new information. The
potential for asymmetric information is high around these times, and market
participants with better quality analysis and faster reactions can potentially
profit at the expense of those less well informed. To test this, we estimate an
equation with dummy variables for each of the first three minutes after
release, as shown below.

AR =a+dx, +AdX, +BdX, +BdX% & (8)

where:

d; = adummy variable that takes avalue of 1 if data or a central bank interest rate
decision has been announced in the previous minute, and 0 otherwise

d> = adummy variable that takes a value of 1 if data or a central bank interest rate
decision has been announced between one to two minutes ago, and O otherwise

ds = adummy variable that takes a value of 1 if data or a central bank interest rate
decision has been announced between two to three minutes ago, and 0 otherwise
dnis a dummy variable that takes a value of 1 if data has not been released in the
previous three minutes, and 0 otherwise.

Table 5 shows that the coefficient on order flow in the first minute after data
is released (B1) is more than twice as high as the coefficient on non-
announcement periods (f,) between January 2004 and March 2006. A Wald
Test of coefficient restrictions confirms that we can reect the null
hypothesis that 1 = i, at the 1% level. The coefficient on order flow in the
second and third minutes is similar to the average over the 2004 to 2006
period, implying that the information effect in order flow is only stronger
immediately after data releases, consistent with the findings of Berger et al
(2006).

Another reason for the large coefficient estimates in the first minute may be
due to dealers ‘paying’ or ‘giving’ existing limit orders left in the Reuters
system once the result has been announced.?® For instance, if there were 10
million of NZD/USD bids in the system pre-release, and New Zealand CPI
was much lower than expected, we would expect NZD/USD to fall sharply
lower while order flow might not be much more than 10 million unless
dealers submit additional bids around market levels (Berger et al, 2005).

2 A deder ‘pays’ the market if they use a market order to buy immediately. A dealer
‘gives’ the market if they use a market order to sell immediately.
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Table5
Exchange rate changes and order flow in the first three minutes after
data releases and central bank announcements and all other times

AER :OH‘&CLX,n +A dlx,l +ﬂ2d2)§,2 +ﬂ3d3)§,3+‘9t

NZD/USD AUD/USD
0.0021 0.0011
P (71.8) (160.4)
0.0052 0.0024
pr (11.2) (11.3)
0.0025 0.0014
pa (6.4) (7.5)
0.0024 0.0014
Ps (8.5) (11.6)
R 0.16 0.24
Durhin
Watson stat 2.18 2.16
Wald Tests of coefficient restrictions
Bn= P 44.57*** 35.69* **
Pn= P 0.87 2.41
Ba=Pa 1.30 3.84**

Note: All equations estimated with Newey-West consistent standard errors. All
specifications are estimated with a constant. These coefficient estimates are not shown as
they do not affect the estimates of . The estimated constants are not shown as they are not
significantly different to zero for most of the specifications. t-statistics for the coefficient
estimates are shown in brackets. All coefficients are significant at a 1% level.

Source: Thomson Reuters, RBNZ calculations

There are some quite large differences between the coefficient estimates for
individual data releases. Table 6 shows the results from a series of price-
impact regressions on the individual data releases (Equation 4 re-estimated
in the minutes following each data release). Order flow after New Zealand
CPI and RBNZ interest rate decisions tends to have the greatest impact on
the NZD/USD while order flow after Australian CPI and GDP tends to have
the greatest impact on the AUD/USD. In the US, the monthly non-farm
payrolls release — which is often considered the release to have the greatest
market impact — has the greatest coefficient on order flow. In the first
minute after non-farm payrolls releases in our sample period, NZD 100
million order flow is associated with a 0.0132 (1.32 cent) move higher in the
NzZD/USD and AUD 100 million order flow a 0.0044 (0.44 cent) move
higher in the AUD/USD (see table 9 in the Appendix). For other less
important data releases, such as US housing starts and factory orders, the
coefficient on order flow is not statistically different from zero.
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Table 6
Exchangerate changes and order flow in the 3 minutesfollowing New
Zealand and Australian data releases

AER =a+ pX +¢, fort=0,1,2 minutes after releasei

NZD/USD AUD/USD
Minute Minute
R eI ease 1st 2nd 3rd lst 2nd 3rd
Trade B | 0.0031*** 0.0009***  0.0007 | 0.0018*** 0.0013***  0.0007*
Balance R 0.58 0.08 0.04 0.68 0.36 0.19
RBNZ/RBA B | 0.0082***  0.0024*  0.0022*** | 00019  00029**  -0.0001
cash rate R 0.50 0.25 0.47 0.07 0.14 0.00
_ B | 0.0041***  0.0019*  0.0016** | 0.0022¢** 0.0010*** 0.0012***

Retail sales

R 0.50 0.18 0.20 0.53 0.21 0.53
cop B | 0.0038*** 0.0017+** 0.0024*** | 0.0029*** 0.0029***  0.0019***

R 0.64 0.76 0.57 0.66 0.65 0.70
- B | 0.0094*** 0.0026***  0.0028* | 0.0032***  0.0007  0.0014**

R 0.97 0.15 0.46 0.78 0.08 0.32
Current B | 0.0077+* 0.0026  0.0031*** | 0.0012*** 0.0034***  0.0012**
account R 0.48 0.26 0.47 0.31 0.71 0.56

B | 0.0048***  0.0034 0.0009 | 0.0018***  0.0010**  0.0011***
Employment

R 0.80 0.16 0.08 0.51 0.30 0.41
AlINZ & B | 0.0049*** 0.0021*** 0.0022*** | 0.0021*** 0.0012***  0.0010***
Australian
r eleases R 0.53 0.25 0.40 0.51 0.26 0.35
All US B | 0.0057*** 0.0039*** 0.0026*** | 0.0026*** 0.0015*** 0.0015***
Releases

R 0.29 0.12 0.13 0.34 0.14 0.19

Source: Thomson Reuters, RBNZ calculations

Finally, we estimate the direct effect of macroeconomic announcements on
the exchange rate by regressing exchange rate changes on data and central
bank surprises. Table 7 below shows that the effect of announcement
surprises on the exchange rate is small but statistically significant in the first
minute after release, with an RE of 22% for the NZD/USD and 28% for the
AUD/USD for all data releases. A one standard deviation positive surprise
would be expected to cause around a 0.0004 (4 ‘pip’) increase in the
NZD/USD and a 0.0005 (5 ‘pip’) increase in the AUD/USD in the minute
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after announcement, al else equal.2 poyever, for more important

announcements, such as US non farm payrolls, the effect is much larger —
around a 21 pip move in the NZD/USD and a 27 pip move in the AUD/USD
in the first minute. The coefficient on surprisesis not statistically significant
for either the second or third minutes after release, implying that the market
absorbs common knowledge information very quickly — within the first
minute. Thisis generally the case for important data releases like non-farm
payrolls, aswell as second tier data.

To separate out the two influences on the exchange rate, we run aregression
of the exchange rate on order flow and surprises jointly. The equation we
estimateis:

AER,,, = a+ pX,, + 6z + ¢, for k=0,1,2 minutes after release (9

The incluson of order flow as an explanatory variable in Equation 9
increases the R? for NZD/USD and AUD/USD significantly compared to
the specification which includes only announcement surprises. The increase
in explanatory power is particularly pronounced for the second and third
minutes. The R? increases from almost zero to above 13% for the NZD/USD
and AUD/USD in the second and third minutes after release.

Our results imply that the exchange rate reacts very quickly to new
information that is common knowledge (as proxied by positive or negative
headline surprises), with the exchange rate moving in that direction and
dealers buying or selling aggressively in the direction of the headline
surprise. Beyond the first minute, order flow continues to be positively
associated with exchange rate changes, implying that non common
knowledge is incorporated into the exchange rate through subsequent
trading activity. Headline surprises do not aways fully reflect the
underlying strength or weakness of data, which can take time for economists
and market participants to decipher — the subsequent trading in the minutes

21t is worth noting that on around 9% of NZ data releases and 24% of US data releases
thereis no trading in NZD/USD in the first minute after announcement — particularly so for
second tier data releases like US housing starts and initial jobless claims (results not
shown). This contributes to the low coefficient estimate for the NZD/USD. It is possible
that the exchange rate adjusts in this first minute after release, but with no trading taking
place, consistent with the predictions of the macro approach. However, we find very few
occasions of this in our dataset. For the AUD/USD, there is no trading in the first minute
after announcement on only 3% of occasions.
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and hours following the data releases more accurately reflects what market

participants believe is the «yye information content of the data and what
this implies for the exchange rate. Table 11 in the Appendix shows the
relationship between the exchange rate and surprises and order flow in the
hour after release. The results are broadly consistent with those shown in
table 6.

Table7

News and order flow effects on the exchange rate for all NZ, Australian
and US data releases between January 2004 and Mar ch 2006

AER,,, = a+ X, + 6z + ¢, for k=0,1,2 minutes after release

NzD/USD AUD/USD
Minute Minute

15[ an 3rd 13 2nd 3I’d
Surprise g 0.0004*** 0.0000** 0.0000 0.0005*** 0.0000 -0.0001
effect on
ER R 0.22 0.01 0.00 0.28 0.00 0.00
]EID"de" B 0.0052***  0.0028***  0.0025*** | 0.0024***  0.0014***  0.0014***
ow
effecton 2 0.38 0.13 0.19 0.38 0.15 0.19
ER?
Effect of
both
order
flow R 0.50 0.13 0.20 0.44 0.16 0.20
and
surprises
on ER®
Surprise C A.7*** 1_5*** 0.8*** 12.8*** 2.8*** 1.0*
effect on
ordez R? 0.18 0.03 0.01 0.25 0.04 0.01
flow

! The equation we estimateis: AER,,, = & + 0z, + &,,, for k=1,2,3 minutes after
releases.” The equation we estimate is: AER, = o + X, + &, for t =1,2,3 minutes after
releases. *The equation we estimate is: AER,,, = a + X, + 62, + &,,, fork=1,2,3

minutes after releases. * The equation we estimateis: X,,, = & + &Z, + &, fork=12,3

minutes after releasei.
Source: Thomson Reuters, RBNZ calculations

7 Conclusion

Order flow is now widely recognised as an important determinant of
exchange rate movements. Order flow helps the market aggregate
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information relevant to the exchange rate, including information about (1)
the current state of the economy, (2) individual market participants

expectations of future macroeconomic variables, and (3) risk preferences.
Standard macro models include variables that reflect the current state of the
economy, but do not aways accurately capture market expectations or
prevailing market sentiment, which also drive exchange rate returns.

We extend previous microstructure-based anaysis to the NZD/USD and
AUD/USD, two widely-traded currencies, with a long and detailed dataset
from the Reuters Spot Matching service. We find a strong and positive
contemporaneous relationship between order flow and movements in the
exchange rates. We find this relationship across a range of frequencies, from
one minute to one week, consistent with studies on other major currencies.
Our simple order flow model explains around 30-40% of the daily
movements in both exchange rates, and closer to 40-50% when we include
cross-currency order flow. Our results suggest that order flow in one of the
two currencies has a positive influence on the other exchange rate,
highlighting the close and integrated nature of the two currency markets.

We also show that order flow helps the market learn what data rel eases and
central bank decisions mean for the exchange rate. Order flow has a larger-
than-normal impact on the exchange rate in the minute following data
releases, and continues to be positively associated with subsequent
exchange rate moves. Our results imply that macroeconomic news is
gradually incorporated into the exchange rate through the trading process, in
contrast to the predictions of traditional macro models.
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Appendix

Figurell
AUD/USD and NZD/USD turnover by NZ and Australian based banks
NZD, AUDm ® NZD/USD m AUD/USD NZD, AUDm
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Note: There will be some double counting because sometimes New Zealand-based banks
will trade with Australian-based banks, in which case the turnover is captured in both
surveys.

Source: RBNZ, RBA.
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Figure 12
AUD and NZD turnover from the Bl Striennial FX turnover survey

USbm m NZ dollar ® Australian dollar USDm
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Note: Total turnover in this section differs from the published FX turnover survey
results for 2001 and 2004 because it involves al FX transactions involving the
NzZD and AUD, irrespective of where in the world they occurred. In the published
BIS statistics, the BIS only counts trades when at least one party is connected to the
country of the currency traded. This data was obtained by request from the BIS.
The 2007 data is taken direct from the BIS report so it will understate the total
turnover in both currencies to some extent.

Source: BIS.
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Table8
Number of observationsfor datareeases and central bank announcements

Datarelease Number of Frequency Datarelease Number of Frequency
observations observations
New Zealand Us
Trade balance 24 Monthly Trade balance 22 Monthly
RBNZ cashrate decision 18 6-weekly FOMC cash rate decision 17 Monthly
Retail sales 24 Monthly Retail sales ex autos 15 Monthly
GDP 8 Quarterly GDP 9 Quarterly
CPI 9 Quarterly CPI ex food and energy 17 Monthly
Current account balance 8 Quarterly Current account balance 5 Quarterly
Unemployment rate 9 Quarterly Non-farm payrolls (employment) 27 Monthly
Initial jobless claims 71 Weekly
Australia Durable goods orders 25 Monthly
Trade balance 23 Monthly Philadel phia Fed business outlook survey 27 Monthly
RBA cash rate decision 24 Monthly Industrial production 26 Monthly
Retail sales 24 Monthly New home sales 19 Monthly
GDP 9 Quarterly PPI ex food and energy 14 Monthly
CPI 9 Quarterly Housing starts 15 Monthly
Current account balance 9 Quarterly Chicago Purchasing Manufacturing index (PMI) 17 Monthly
Employment 27 Monthly Conference Board consumer confidence index 16 Monthly
University of Michigan consumer confidence (Final) 26 Monthly
Factory orders 16 Monthly
ISM manufacturing survey 26 Monthly
ISM non-manufacturing survey 19 Monthly

Source: Bloomberg. Note: Some releases have fewer observations than others, either because some occur at the same time as another
release (so they are not included if they are US release), or because there was no trading activity in the 3 minutes after release.
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Table9

Exchange rate changes and order flow in the 3 minutesfollowing US data releases

AER, =a+ px  +¢, fort=0,1,2 minutes after release |

NZD/USD AUD/USD NZD/USD AUD/USD
Minute Minute Minute Minute

Release 1 2 3¢ 1 2 3¢ 1 2 3¢ 1 2 3¢
Trade B | 00045***  00056***  0.0036*** | 0.0024** 0.0016** 0.0010** Industrial g | o.0026%+* 0.0064 0.0036 0.0022** -0.0025 0.0037
Balance R 0.28 0.47 0.32 0.36 0.33 0.14 production R?2 021 0.01 0.01 0.66 0.00 0.00
FOMC cash B 0.0084* 0.0055*** 0.0059* 0.0066***  0.0058***  0.0064** New home B 0.0024* 0.0022** 0.0017 0.0010*** 0.0019 0.0009*
rate R? 0.37 0.38 0.24 0.60 0.18 0.37 sdles R?2 0.15 0.24 0.08 023 0.29 017
Retail sdes B | 0.0032+*+ 0.0025 0.0042** | 0.0019***  0.0042¢** 000056 | ppl exfooda B 0.0061 0.0017 -0.0004 0.0005 0.0022** 0.0007
less aLtos R 0.63 0.22 0.19 0.47 0.73 0.08 energy R?2 0.05 0.01 0.00 0.03 0.46 0.21

B 0.0040** 0.0027+* 0.0018* 0.0046***  0.0011*** 0.0015 ) B 0.0009** 0.0024 0.0002 -0.0001 0.0004 0.0023***
GDP Housing starts

R? 031 0.45 0.22 0.46 013 0.14 R?2 0.06 0.47 0.00 0.00 011 0.49
CPl ex food B | 0.0045+** 0.0018 0.0024*** | 0.0020***  0.0026***  0.0016*** Chicago PV B 0.0010 0.0050* 0.0017 0.0027+* 0.0019+* 0.0001
and energy R 0.67 0.04 0.34 0.78 0.59 0.26 R?2 0.02 017 0.06 0.46 0.27 0.00
Current B | 00153+  0.0094*** 0.0038 0.0020**  0.0044*** 0.0014 Conference g | o.0042+++ 0.0016 0.0025* 0.0018***  0.0016***  0.0012**
account R 0.82 0.78 0.04 0.42 0.90 0.46 Board R?2 0.26 0.02 0.16 0.87 0.32 0.41
Employment B | 0.0132¢+* 0.0060 0.0021 0.0044+** 0.0010 0.0018 Uni Michigan B 0.0022* 0.0008*** 0.0027* 0.0002 0.0024***  0.0024**
- payrolls R 052 015 0.05 039 0.03 0.10 (final) R? 0.16 057 011 0.01 036 032
Jobless B | 00045+  00056***  0.0033*** | 0.0015+**  0.0012***  0.0009*** Factory orders B 0.0004 0.0009 0.0005+** 0.0003 0.0012***  0.0007**
claims R 0.30 0.48 0.34 043 0.39 0.26 R?2 0.00 0.03 0.89 0.06 0.48 0.14
Durable B | 0.0076*** 0.0042* 0.0006*** | 0.0012*** 0.0026* 0.0015** 1M B 0.0017**  0.0028***  0.0021*** | 0.0009*** 0.0007 0.0016***
goodsorders g2 0.46 018 0.40 020 013 0.18 manufacturing g 2 013 017 0.20 0.18 007 0.49
Philly Fed B 0.0027** 0.0020 0.0037 0.0034*** 0.0010 0.0018** 1SM non B 0.0031* 0.0022 0.0011* 0.0011* 0.0010** 0.0016

R 0.11 0.09 0.15 0.68 0.02 0.16 manufacturing g 2 0.25 0.10 0.07 021 0.22 0.06

AllUSdata B | 00057+**  00039***  00027+** | 0.0026***  0.0015***  0.0015***
releases R? 0.29 0.12 013 0.34 0.14 0.19

Source: Thomson Reuters, RBNZ calculations
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Table 10

Order flow and data surprisesin the 3 minutesfollowing US data r eleases

X = +&Z +¢,, fork=0,1,2 minutes after release i

NZD/USD AUD/USD NZD/USD AUD/USD
Minute Minute Minute Minute
Release 15 2nd 3rd 15 2nd 3rd 15 2nd 3rd ls 2nd 3rd
Trade 14 9,64+ -19 47 25.0%%* 55 31 Incusirial production 14 44x% 0.2 0.5 -10.1%** 17 17
Balance R 0.47 0.10 0.22 0.41 0.04 0.03 R?2 0.31 0.01 0.04 0.33 0.04 0.03
FOMC cash & 1.8 0.2 03 02 2.7 0.6 New home sdes ¢ 09 05 03 30 13 33
rate R? 0.20 0.00 0.01 0.00 0.15 0.01 R?2 0.03 0.01 0.00 0.05 0.01 0.06
lRaa” sdes G -12.2%%% 36 0.4 42 1.9 -46 PPt ocfood & energy ¢ 0.1 08 0.0 34 34 -18
essautos R? 0.61 0.18 0.01 0.06 0.03 013 R?2 0.01 0.13 0.00 0.05 0.07 0.02
¢ -10.2%%* 36 25 30 92 55 ¢ 08 08 05 53 24 13
GDP Housing starts
R? 0.80 0.32 0.23 0.02 021 017 R?2 0.06 0.19 0.02 0.21 0.10 0.02
CPl ex food G -45¢ 22 3.8+ -21.4%% 78 -13 Chicao PMI ¢ -1.0% -LErE 17 -14.1%%* 20 0.8
icago
and energy R 0.21 0.07 0.35 033 0.14 0.01 R?2 0.03 0.26 0.25 0.51 0.04 0.01
Current 14 0.8 38 00 24 5.4 84 Conference Board 14 6.7%* 12 2.0¢* -32.3+* 5.4 27
account R 0.15 0.39 0.00 0.06 011 017 R?2 0.42 0.07 0.13 0.58 0.16 0.00
Employment -9.3¢xx -05 3.1* -32.7%%% 37 -4.1% Uni Micigen (find) z 0.8** -0.6 01 -4.1 -19 0.7
- payrolls R 0.43 0.00 0.09 0.50 0.03 0.05 R?2 015 0.13 0.00 0.22 0.09 0.01
Jobless ¢ 1.8%%* 0.8¢ 0.4 4.3+ 17 0.6 Fectory orders ¢ 11 0.1 0.0 3.0¢* -45 33
claims R 0.30 0.06 0.01 011 0.01 0.00 R?2 0.08 0.00 0.00 0.01 0.15 0.10
Durable ¢ -1.0 04 02 -85 -3.8%* 14 1M menufacturing -14 -18 17 -14.4%%* -4.0 24
goodsorders g2 0.03 0.01 0.00 0.15 0.22 0.01 R?2 0.04 0.09 0.08 043 0.08 0.02
Philly Fed ¢ -4.6%* 16 02 -15.4%%% 0.7 02 1M non menufecturing ¢ 445 %% 12 2.26% 8.1x* -13 0.8
R 0.42 0.12 0.00 0.61 0.01 0.00 2 0.42 0.05 0.14 0.37 0.01 0.01
| US datard 34rrx -0.8+* -0.64* -10.6*** -2.5%%% 0.4
AllU ata releases

R? 0.20 0.02 0.01 0.21 0.03 0.00

Source: Thomson Reuters, RBNZ calculations
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Table11

News and order flow effects on the exchange rate for all NZ, Australian
and US data r eleases between January 2004 and M arch 2006 _ by hour

NZD/USD AUD/USD
Hour after event Hour after event
0 0.0008* ** 0.0006***

Surprise effect on ER' - 0.14 0.0

0.0015*** 0.0010***
Order flow effect on ER [;2 0.28 0.49
Effect of both order flow R 0.34 0.50
and surprises on ER® ' :
Surprise effect on order ¢ 21.94** 33.9%**
flow* R 0.09 0.06

! The equation we estimate is. AER, = o +

+ &, for the hour after releases.? The
t

equation we estimate is: AER, = a + X, + &, for the hour after release.® The equation

we estimate is: AER,, =a+ X, + @ +¢&,,, for the hour after releases.” The equation

weestimateis. X,, = a + £z, + &, for the hour after releases.

Source: Thomson Reuters, RBNZ calculations
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