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Preface

In March 2011, the Markets Committee established a Study Group to conduct a fact-finding
study on high-frequency trading (HFT) in the foreign exchange (FX) market, with a view to
identifying areas that may warrant further i nvestigation by the central banking community.
This initiative followed from a number of previous discussions by the Committee about
factors contributing to changes in the structure of the global FX market.

The Study Group was chaired by Guy Debelle, Assistant Governor of the Reserve Bank of
Australia. The Group drafted an interim report for review by the Committee in May 2011. The
finalised report was presented to central bank Governors at the Global Economy Meeting in
early September 2011, where it received endorsement for publication.

The s ubject m atter o f this r eporti s c learly par t o ft he c ore ex pertise o ft he M arkets
Committee, which has a long-standing interest in the structure and functioning of the FX
market. | hope t his report will serve as at imely input to the ongoing discussion about the
impact of technological changes, including the rise of algorithmic trading in general and HFT
in particular, on the functioning and integrity of financial markets. The FX market focus of this
report s hould al so be a valuable complement to a discussion that has so far been based
mostly on developments in equity markets.

Hiroshi Nakaso

Chairman, Markets Committee
Assistant Governor, Bank of Japan
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Executive summary

Having come to prominence in equity markets, high-frequency trading (HFT) has increased
its presence in the foreign exchange (FX) market in recent years. This development is one
aspecto fa br oader trend facilitated by t he wider us e o f el ectronic t rading i n foreign
exchange, not only in the broker-dealer market, but also at the customer level. HFT in FX
operates on high volume but s mall orders izes, | ow m argins, | ow latency ( with trade
execution times measured in milliseconds) and short risk holding periods (typically well under
five seconds). As such, it occurs mainly in the most liquid currencies. While, to date, HFT has
been most prevalent among the major currency pairs, it has the potential to spread to other
relatively actively traded currencies, including some emerging market currencies.

In e quities, where HFT accounts for a s ignificant s hare of turnover in some markets,’ the
rapid growth of HFT and the perception of predatory practices have generated heightened
scrutiny and debate ab out the benefits and risks pos ed by this type of trading activity. A
number of regulatory initiatives are being considered. A similar discussion is now emerging
about the role of HFT in FX.

The assessment of HFT is often hampered by difficulties in identifying this particular type of
activity, which is, at times, hard to distinguish from other types of automated (but not high-
frequency) trading. There is a lack of reliable data and analysis on the prevalence of HFT as
distinct from other forms of automated electronic trading. Itis therefore crucial to have a
clearer understanding conceptually of what HFT is (and is not) and what it does (and does
not do) be fore as sessing t he i mplications o f HFT from a pol icymaker’s poi nto fv iew.
Furthermore, given the different nature, structure and size of the FX market compared with
equity markets, it is important to ensure that any conclusions about HFT in equities — as well
as any regulatory responses — are not inappropriately generalised to HFT in FX.

This r eport pr esents t he r esults o f a fact-finding ex ercise ¢ onducted by a Study G roup
consisting of FX market experts from 14 Markets Committee member central banks. Study
Group members surveyed existing materials on HFT and al so interviewed market contacts
(including F X deal ing b anks, p rime b rokers, trading pl atforms and HFT firms) in different
financial centres to collect information and views. The objective is to (i) document the facts
about HFT in FX and (ii) identify areas that may warrant further investigation by the central
banking community.

This report consists of six sections. Sections 1to 5 constitute the descriptive part of the
report. Section 1 describes the characteristics of HFT, how HFT features in the FX market
landscape and its relationship with other market participants such as FX prime brokers and
major FX dea ling ban ks. S ection 2 di scusses t he e ffect of HFT on pr ice di scovery and
liquidity. Section 3 e xamines the behaviour of HFT in two recent episodes of volatile market
conditions. Section 4 highlights the key similarities and differences between HFT in FX and
HFT in equities. Section 5 discusses the current practices of self-regulation of HFT in FX.

Section 6 concludes with the lessons learned so far and issues for further consideration:

o Market functioning: HFT has had a m arked i mpact on t he functioning of the F X
market i n w ays t hat c ould be s een as bene ficial i n nor mal times. HFT helpsto
distribute liquidity ac ross t he dec entralised market, i mproving e fficiency, and ha s
narrowed spreads. But the introduction of HFT to the market has affected the
ecology o f the F X marketinwaysthatarenoty et fully under stood. Q uestions
remain about HFT participants’ willingness to provide liquidity on a s ustained basis

' The10SCO (2011) consultation report cites the 2010 estimates by the TABB Group of 56% in the US equity
market, 38% in European markets and in the range of 10-30% in Asia-Pacific markets.
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under di fferent market conditions. While H FT generates i ncreased ac tivity and
narrower spreads in normal times, it may have reduced the resilience of the system
as a whole in stressed times by reducing the activity of traditional market
participants (eg major market-maker ban ks) w ho m ay hav e ot herwise been an
important stabilising presence in volatile environments. That said, recent experience
suggests that HFT participants are not necessarily flightier than traditional
participants in times of market stress and may be quicker to re-enter the market as it
stabilises. Fur thermore, t he m arket i nfrastructure i tself, s uch as the v arious
electronic trading platforms, is also changing in reaction to the growth of HFT and is
likely to have a significant impact on how different market participants execute
trades over time.

. Systemic risks: The 6 May 2010 “flash crash” in equities suggests that systemic risk
is perhaps more likely to be t riggered by a “ rogue” algorithmic trade than by pure
HFT, which tends to involve small-size trades, short horizons and diverse strategies.
Nonetheless, H FT may under s ome c ircumstances ac celerate and propagate
shocks initiated elsewhere. There are key differences in market structure that may
make a flash crash-type event less likely in FX than in equities. But certain longer-
term trends such as the adoption of similar technologies have seen FX and equity
trading converging.

. Market integrity and competition: M any of t he “ predatory” or “ unfair” pr actices
attributed to HFT participants, in the light of their technology-driven ability to detect
orders and take advantage of latencies, are in fact not new. HFT is but the latest
high-tech, high-speed manifestation of them. A key question is whether other market
participants are able to adapt to the presence of HFT, and how the market
environment will be af fected w hen those failingto keep up c hange t heir trading
behaviour or exit the market completely. HFT in FX is subject to three levels of self-
regulation. In addition to HFT firms’ own risk controls, there is also monitoring by
prime br okers. O ne s ignificant c oncern her e i s w hether t he pr ime b rokers a re
technologically able enough to keep up with their HFT clients or have the financial
incentives to do s o appropriately. Furthermore, trading platforms also have rules to
help foster an o rderly and fair trading environment, but the nature and severity of
such r ules v ary ac ross pl atforms. At the time o f writing, the For eign E xchange
Committeesi nanum bero fj urisdictions ar e al so c onsidering i mplementing
enhanced codes of conduct which aim to address the market integrity issues raised
by the increased presence of HFT.

. Looking ahead: One s pecific i ssue forthe future of HFT in F X is the potentially
differing treatments of electronic trading platforms as a result of the various ongoing
regulatory reform initiatives. This is likely to induce some changes to the shape of
the FX market. The impact on H FT participants depends on w hether there will be
more formal regulation of the venues that they currently favour and whether these
participants will face some kind of registration requirement.

Insum, HFT in FXis a rapidly e volving phenomenon. Itis having a n otable effect on the
structure and functioning of the FX market, and is prompting behavioural changes in other
market participants. All these influence the resilience of the system as a whole, although the
impact will continue to change as various participants — including major FX dealers, prime
brokers and trading platform operators as well as HFT firms themselves — adapt to the new
ecology. Policymakers should continue to keep abreast of this development by maintaining
contact and dialogue with the evolving set of relevant market participants.
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1. What is high-frequency trading in foreign exchange?

The growth of high-frequency trading (HFT) is one particular aspect of a broader trend in the
foreign exchange (FX) market, brought about by advances in information technology and the
spread of electronic trading. Before the 1990s, the FX market was predominantly a br oker-
dealer market. The bulk of transactions took place in the inter-dealer core of the market.
Activity between dealers and their customers was in the second or outer tier of this market,
where bid-offer spreads tended to be wider than those in the inter-dealer market. Requests
for quotes and transactions were typically done over the telephone (“voice”).

The advent of electronic broking/trading in the 1990s revolutionised the inter-dealer market.
But s ince t his i nnovation w as not y et a vailable i n t he c ustomer market, the boundary
separating it from t he i nter-dealer m arket r emained ( Graph 1, top panel). T his boundary
blurred when electronic trading became more readily available to FX customers in the early
2000s, when FX dealing banks began to offer trading services to clients via electronic portals
(single-bank or proprietary trading platforms) and as the use of credit sponsorship through
prime brokerage arrangements grew. Now many types of clients can participate in the over-
the-counter (OTC) FX market on a more or less equal footing in terms of price (Graph 1,
bottom panel).

Electronic trading can b e divided into two main types: (i) manual, w here i nstructions are
executed by humans on an electronic trading platform; and (ii) automated, where instructions
are executed by computer algorithms, with little or no human intervention (though still subject
to human monitoring).

1.1 HFT is a subset of automated trading

Automated trading, defined as electronic trading using algorithms at some stage in the trade
process, has grown rapidly over the past decade and is still evolving. Commonly referred to
as algorithmic trading or algo trading, it can be divided into two main strands:

o Algorithmic execution: a hum an t rader dec ides t o t rade bu t us es an el ectronic
trading programme to e xecute the trade. This is often used for larger orders. For
example, t he programme may us e s mart o rder r outing t o c hoose w here to bes t
trade, or it may use a time- or volume-weighted method to execute the dealer’s
trade to achieve the best price.? Bank traders may use this type of approach to trade
via an aggregator; real money investors may use a time-weighted approach to drip-
feed a large order to the market.

o Algorithmic trade decision-making: a firm builds a model to initiate a trade based on
certain keyi nput par ameterss uch as or der book i mbalance, m omentum,
correlations (within or across markets), mean reversion, and systematic response to
economic dat a or new s headl ines. O nce at rade dec ision has been made, t he
algorithm al so executes the trade. B anks’ automated risk management tools may
also use this method to offset risk automatically. Hedge funds engaged in model-
based strategies and specialised HFT funds operate in a similar fashion.

For the purpose of this report, one can think of HFT firms as a subset of algorithmic decision-
makers. T ypically, HFT firms g enerate earnings from doing a large number of small-size,
small-profit trades. The small trade sizes, in part a consequence of operating with low latency
(see below), imply that HFT firms take little risk per trade compared with traditional market-

2 For example, by splitting trades to minimise the footprint on the market.
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makers. The risk hol ding p eriod i s al so v ery s hort, us ually w ell under five s econds and
frequently less than one second. As such, HFT requires a liquid underlying market.

Graph 1

Changing structure of the FX market over time
1990s: electronic trading was confined to the inter-dealer market
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The red lines d enote electronic communication; t he bl ack | ines d enote voice communication. HFT = high-frequency trading firm;
SBP = single-bank platform; MBP = multi-bank platform; ECN = electronic communications network; Exchange = Chicago Mercantile
Exchange, for trades involving FX futures. * indicates prime brokered transactions, which are initiated by the clients but appear (to
counterparties) in the prime broker’s name.

One o f the de fining c haracteristics that s et HFT pl ayers apart from other al go dec ision-
makers is the high speed with which they detect and act on profitable trading opportunities in
the m arketplace. S ince s peed is of the es sence, there has been a trend to co-location,
ie trading firms moving their servers as close as possible to the trading venue. At the time of
writing, market contacts suggest that some HFT participants in FX can operate with latency
of less than one millisecond, compared with 10—30 milliseconds for most upper-tier non-HFT
participants (for comparison, it is said to take around 150 milliseconds for a human being to
blink). M arket ex perts believe t hat further de clinesi n latency ar el ikelyt o c ome at
increasingly high costs and may have only minimal financial benefit.

As more and more HFT participants enter the market to exploit these opportunities, or as
non-HFT m arket participants up grade their systems and reduce their s peed disadvantage,
the scope to profit purely from the ability to trade with low latency is expected to diminish.
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There are indications that this process is already occurring. As a result, some HFT firms are
reportedly beginning to rely less only on s mall-size low-risk trades and to branch out to take
on more traditional ( directional) risk trades u sing their s ophisticated al gorithms ( see al so
below).

1.2 Strategies and business models

A number of different strategies are pursued by HFT firms in the FX market. The unifying
characteristici st he method o f implementing the t rading s trategies using s ophisticated
quantitative models and high speed. The various strategies can be classified as follows:?

o Classic arbitrage exploits the differences between market prices and prices implied
by “no arbitrage” conditions. If the price gaps are large enough to cover transaction
costs, trades can be executed to lock in a risk-free profit. In spot FX, the arbitrage
would be donew ithas eto fc urrencypai rsandt her elevantc rossr ate,
eg EUR/USD, USD/JPY and EUR/JPY. This is akin to manual dealers arbitraging
USD/JPY, USD/DEM and DEM/JPY in the 1990s on an E BS keypad — but at much
higher speed. Arbitrage could also be done across the spot and futures prices of the
same currency pair.

o Latency arbitrage exploits the small time lag between when market-moving trades
take pl ace and w hen market-makers updat e the prices t hey g uote. By di rectly
detecting potential price moves, the HFT player can profit from what it has learned
ahead of other participants that rely on market-makers’ quotes.

o Liquidity-providing (or liquidity-redistributing) strategies aim to detect order book
imbalances for a par ticular currency pair and pr icing discrepancies across trading
platforms. The HFT participant earns a spread by arbitraging these differences.

o Complex event processing includes a num ber of different strategies. They aim at
detecting profit opportunities by exploiting various properties of currency prices such
as momentum, mean-reversion, correlation (with other currency pairs or with other
assets) and response to economic data releases.

An individual HFT firm may execute a number of these strategies simultaneously. The
quantitative models used may be similar within a particular strategy but can vary significantly
across strategies within the one firm. The majority of HFT strategies are designed to benefit
from high liquidity and low volatility. Hence there is a tendency for HFT participants to reduce
risk w hen v olatility r ises. B ut m arket ¢ ontacts s uggest thats ome H FT firms hav e also
developed t rading m odels t hat ar e des igned to work under more v olatile c onditions (see
Section 3).

Shortly after its emergence in equity markets, HFT appeared in the FX market in the early
2000s. Some equity hedge funds began to apply some of their algorithmic models developed
for trading e quities to F X, taking advantage of the FX market’s very deep | iquidity, broad
participation, ease of access and ar bitrage opportunities. Other firms started out by running
pure “latency m odels”, exploiting t he different time lags i n price upda tes ac ross di fferent
trading venues. Both types had beg un to pursue HFT liquidity-providing (or -redistributing)
strategies by 2007.

There is a growing trend for HFT firms to contribute prices to trading platforms (market-
making, liq uidity-providing) r ather t han just ex ecuting on ex isting pr ices ( liquidity-taking),

® Some market contacts h ave s uggested alternative classifications, al beit w ith similar c omponents. F or

classification of HFT strategies in equities, see eg Chlistalla (2011) and IOSCO (2011).
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although opinion is divided as to how much of this behaviour in FX can be considered “true”
market-making (see S ection 2).* Given their “ high-volume, | ow-margin” bus iness m odels,
HFT firms typically are highly sensitive to the impact of even small errors and exercise tight
risk controls (see Section 5).

Market contacts note that as HFT firms become better capitalised, they may extend their risk
appetite — for instance, by s caling up al ready s uccessfully running trading models to gain
more v olume and i ncrease pr ofits, or by t aking on m ore t raditional t rade risks.’> Market
contacts also report that some HFT firms are moving to access client flow more directly,
either by feeding their price interest directly to banks or to the retail platforms, or even by
directly streaming pricing to other market participants.

1.3 Participants and trading venues in FX

HFT participants in FX are mostly specialised independent firms that currently tend to trade
only on their own account. Market contacts suggest that several large and better capitalised
players account for the bulk of FX HFT volume. There are also a large number of small HFT
firms with more limited capital. As noted above, some ofthese HFT playersin FX have
evolved from high-frequency trading in equities. Others have been developed by existing FX
specialists that have decided to move into the HFT space. A few banks also conduct some
HFT in proprietary trading, but they are not major players in this particular space and do not
see HFT as an important trend for their business. Rather, they see this as a way to keep up
with the technology, which may have positive externalities for their overall FX business.

HFT par ticipantsin F X tend to be concentrated in t hree cities: C hicago, New Y ork and
London. Outside these three centres, there are currently very few HFT firms, even in regional
FX c entres s uch as Hong K ong, S ingapore a nd S ydney. H owever, t he ac tual phy sical
location of the HFT firms’ offices is irrelevant: what matters is that they co-locate the servers
on which they run their algorithms close to the matching engines of the trading venues, which
are primarily located in London, New York and Chicago (see below).

HFT firms conduct their FX activities mainly on inter-dealer electronic broking platforms (EBS
and R euters, bo th Lon don-based ¢ ompanies)6 and m ulti-bank el ectronic ¢ ommunication
networks (ECNs, most notably Currenex, Hotspot FX and F Xall, typically U S-based). They
are also active on the Chicago Mercantile Exchange (CME) for trades involving FX futures.
The two main inter-dealer electronic platforms were developed earlier (in the 1990s) than the
multi-bank ECNs (which were developed in the 2000s).”

All venues operate on differing technologies, although there may be more similarities among
the new er ones . P articipants m ust adap t t o the di fferent t echnologies, t rading r ules and
trading par ameters ac ross v enues. T he v ariation i n r ules r eflects, i n p art, di fferences i n
technologies and, in part, different views on market conduct. For example, some venues
provide pricing updates at set intervals while others stream prices in real time; the older inter-
dealer venues tend to restrict the number of quotes per second and demand certain fill ratios
(ie the amount of trades completed relative to quotes submitted), whereas the newer multi-

The rebate capture strategy that is widely used by equity HFT firms is a kind of true market-making strategy
(see Section 4). But this strategy is so far not prevalent in FX.

Risk (2011) cites market participants as saying that the current tendency for HFT firms to do small-size and
low-risk trades with very short, mostly intraday holding periods is not necessarily an inherent property of HFT,
but it is the business model that HFT firms have been focusing on so far. There is thus scope for HFT firms to
do trades that are akin to those conducted by traditional liquidity providers.

EBS also has matching servers in New York and Tokyo.

See Lee (2010) for more details of the various trading platforms.
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bank ECNs tend to allow freer access and appear able to manage higher volumes of data
handling. Despite the subtle differences at the front end, much of the architecture is built on
common connectivity protocols (APIs) and messaging standards (generally the FIX protocol),
as well as straight through processing and Continuous Linked Settlement (CLS).

Market contacts suggest that the larger, more sophisticated HFT players tend to trade on
EBS and Reuters, which are currently seen as the predominant source of interbank liquidity
in the FX market. However, these wholesale venues traditionally have much larger minimum
trade size requirements® and tighter trading controls. Smaller players tend to prefer the multi-
bank ECNs due to the lower minimum trade size, less tight trading controls (see Section 5)
and potentially full anonymity. The fact that some multi-bank ECNs have built-in algorithmic
trading functionalities (eg Currenex) also helps to make them attractive venues for very small
HFT firmst hatar e usts tarting up. M ore dev eloped f irms, by ¢ ontrast, us ually us e
customised in-house models, which provide greater control than do the standard built-in algo
functions on E CNs. Market contacts also report that some HFT firms have multiple licences
to trade on some platforms. Such multiple presence helps these firms achieve greater market
coverage and circumvent certain platform constraints such as limits on the number of quotes
that can be submitted per unit of time (see Section 5).

Very few, if any, HFT firms trade solely on single-bank platforms. This is mainly because HFT
strategies require a diverse, information-rich (multi-bank, multi-price) environment from which
to s ource t rading oppor tunities. That s aid, H FT firms do u tilise pricing from s ingle-bank
providers as one ¢ omponent of their s uite o f price s treams. Since different v enues of fer
somewhat different trading environments (eg due to different trading controls), HFT firms
must adapt their trading s trategies to t he di fferent ¢ onditions ac ross venuesinorderto
maintain efficiency (ie they tend to run a portfolio of strategies rather than relying only on one
particular strategy).

However, given the greater anonymity in electronic trading (compared with voice, especially
at the customer level), it can be difficult to identify what type of player or strategy lies behind
a par ticular trade. C urrently i nt he FX marketplace, t here ar e ban ks, ¢ orporates, funds,
institutional investors and ev en retail users e xecuting trades with some form of algorithm,
and some with high frequency. Since HFT firms typically access the various electronic
trading platforms through their prime brokers (see Section 1.4), participants on these
platforms c an us ually s ee, at most, only t he prime br okers’ nam es and not t heir c lients’
names.

14 Relationship with other market participants
1.4.1 FXprime brokerage relationships

The prime brokerage (PB) arrangement is central to algorithmic and high-frequency traders’
access to the global FX market. By leveraging the credit provided by the PB along with the
accompanying i nfrastructure s upport, these clients c an gain a ccess to a br oad pool of
liquidity across various electronic platforms in much the same way as traditional FX market
participants ¢ an. A ccordingly, es tablishing a P B r elationship i s am ong the first i mportant
decisions an HFT firm makes after establishing the company’s s tructure. This decision is
driven most often by a combination of a prospective PB’s cost structure and the suite of
services it offers. These factors have important implications for the HFT business model.

® EBSalso piloted in early 2010 a new service (EBS Smalls) that allows users to trade selected major currency

pairs in smaller amounts and increments (100,000 units of base currency, compared with the normal minimum
of 1 million units).
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There are a handful of very large PB service providers in the FX market. These are typically
large investment banks, some of which are also major FX dealing banks. While many PBs
indicate that they have a differentiated client base that includes retail investors, hedge funds
employing al gorithmic execution s trategies an d hi gh-frequency t ransaction par ticipants,
others say that they have focused more directly on capturing the business of HFT players.
Some market contacts suggest that the policies and procedures for taking on board new
clients can vary across PB firms.

The PB is responsible for managing the credit it provides to its clients and thus requires the
ability to measure and m onitor the provision and us e of credit through this channel. Some
PBs indicate that the nature of the credit relationship is very different depending upon
whether the client is an HFT investor or a traditional investor that uses algorithms (not high
frequency). As noted earlier, HFT clients typically transact rapidly in smaller trade sizes but
tend to hold risk only very briefly. Thus, the outstanding credit utilised tends to be small. By
contrast, more traditional participants using algorithmic executions tend to draw on the PB’s
credit for a | onger period of time. From a c redit management per spective, the latter client
type requires more credit maintenance-related activity due to margin calls, etc. That said, the
high-speed nature of HFT means that risk positions can accumulate quickly, raising the need
for PBs to become sufficiently speedy themselves in their monitoring of HFT clients (see
Section 5).

As noted above, PBs have different strategies for engaging with HFT firms. Their views on
the role of HFT firms tend to vary, depending on whether they are courting HFT business.
For t hose c ommitted t 0 s upporting the bus iness, H FT firms ar e viewed as hav ing an
important role in the market and are represented as a s table source of liquidity, able to act
more nimbly owing to their superior technological capabilities. For those who indicate they
are not courting this market segment, concerns are raised about the impact these
participants ha ve on t he m arket’s | iquidity, ef ficiency and t ransparency. T his v ariation of
views along the lines of business interest is also apparent among other traditional FX market
participants (see below).

In addition to the major investment banks providing prime brokerage s ervices, secondary
credit sponsorship channels have begun to grow. In this arrangement, known sometimes as
“prime of prime”, a P B client may be s upporting o ther clients by buildingonitsown PB
relationship. This way, s maller firms that may not have qualified as a direct client for the
original PB provider may ultimately leverage that PB’s credit indirectly, through sponsorship
from a client of that same PB.

In the light of the growth of FX prime broking in recent years, a number of market contacts
have expressed concern that the prime broking part of an investment bank may be
underpricing the risks entailed in providing PB services or the potentially detrimental effect
the PB customer may have on other parts of the bank’s business. This detrimental effect may
take the form of s pread c ompression, w hich ad versely af fects t he ban k’s m arket-making
activities. Alternatively, it can take the form of reputational risk since the customer can trade
in the PB’s name and any inappropriate trading activity undertaken by the customer will be
associated with the PB. This concern, however, is not particular to the provision of services
to HFT customers alone, but rather a trend across the PB sector more generally.

1.4.2 Relationship with traditional liquidity providers

The growth in electronic trading in general, and the rise of algo trading and HFT in particular
have significantly altered the FX market landscape. There is pressure on traditional market
participants, notably the major FX dealing banks, to keep up with the technology and s peed
of their clients and o ther market pa rticipants i n or der t o maintain c ompetitiveness. While
some think that this development supports an e fficient marketplace, others raise concerns
about a m arket increasingly g eared towards al gorithmic traders at the expense of manual
traders. The March 2011 launch on EBS of decimalised/fractional pip pricing (so-called
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“tenths” or “the fifth decimal”) for the major currency pairs — a feature that has already existed
for some time in certain other single-bank platforms and E CNs® — is another recent case in
point: while algorithms can relatively easily handle the extra digit, human traders find it more
difficult to adapt. The finer pricing also tends to reduce the cost of implementing HFT
strategies.

Banks hav e mixed views about HFT. H aving t raditionally pr ofited from t he s preads t hey
charge for taking risks, FX dealing banks unsurprisingly do not welcome the compression of
spreads associated with the rise of HFT (see Section 2), which they see as not fully reflecting
the true risk of trading. The high speed and very short holding period of HFT strategies have
also drawn criticism, as banks find their own order handling impaired by HFT firms because
these firms can detect the order in the early stages of its execution.” The introduction of
fractional pip pricing further increases the scope for HFT players to out-price banks. Banks
need to spend considerable resources to monitor customer relationships closely and screen
out any predatory (and thus loss-yielding) practices by HFT firms.

Some banks believe that HFT firms can be valuable as clients. They think it is in their interest
to have a diverse set of clients, and they can use the constant flows generated by HFT firms
to facilitate and refine their own risk management. Other banks, by contrast, prefer to stick to
providing electronic pricing and trading services to their existing clients rather than soliciting
business from HFT clients, which they see as opportunistic liquidity-takers. The difference in
views pr obably r eflects, at | eastin par t, t he d iffering abi lity of bank st o under take t he
investment in systems necessary to manage HFT clients.

Over time, banks have developed various ways to cope with the rise of algo trading and HFT.
Banks have made better use of algorithms to execute trades more smartly. They can evade
detection by HFT participants in the order book by executing large flows in less transparent
venues, i ncluding reverting to transacting bilaterally o ver the telephone."’ Banks can also
internalise more customer flows to capture the spreads for themselves, instead of laying the
risk off in the market. Such countermeasures to maintain competitiveness entail considerable
spending on i nformation technology, w hich in turn also affects banks’ bottom lines. Those
that are less able to make s uch investments have found their ability to c onduct business
compromised.

That said, HFT firms ultimately still need the presence and activity of other players such as
FX dealing banks, who continue to take larger risk positions, in order to trade. The reverse is
not true: dealing banks do not need HFT firms to conduct their business. There may thus be
a limit on how much HFT participants can compress spreads or trade at the expense of the
banks before the banks would retaliate by providing less favourable quotes to these
participants or refusing to trade with them altogether.

These do not include Reuters, which is still quoting four digits at the time of writing. In an interview with FX
Week (29 June 2011), the global head of treasury at Thomson Reuters suggested that decimalisation on this
platform was not likely for the foreseeable future.

Commentators often call this phenomenon “front running”, evoking the illegal trading practice that involves the
use of i nsider i nformation. H owever, in the context of HFT, the ability to outrun other market participants
results mainly from the use of sophisticated algorithms and high computing speed to rapidly detect potentially
market-moving trades, not from the use of insider information.

Published EBS monthly data show that overall electronic FX volume, while having gradually recovered after
the financial crisis, remained (as of the first half of 201 1) barely comparable with volumes in early 2007 and
below the pre-crisis highs recorded in late 2007 and early 2008. While this is not conclusive proof that banks
have reduced trading on major platforms to evade HFT players, it is at least consistent with the narrative.
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1.5 Estimated scale of activity

Most survey data on FX turnover — whether from global or regional surveys — do not allow
direct measurement of HFT activity. Since HFT firms typically gain access to dealers via
prime brokers, the dealers participating in these surveys can usually only report the trades
with the prime brokers and cannot discern whether the trades contain any HFT-generated
flows. Data on prime-brokered business, where collected, are also not broken down to such
an extent that makes it possible to identify HFT versus non-HFT activity. These surveys do
have some information on execution methods, but cannot yet distinguish automated trading
from other forms of electronic trading.

The two m ajor el ectronic t rading pl atforms (EBS and R euters)doh ave datat hatc an
distinguish automated trades from manual ones, but cannot directly identify HFT versus non-
HFT trades within automated trades. These platforms can in principle construct an estimate
of HFT volume by adding up volumes from counterparties that are known to be HFT firms.

Notwithstanding t he s hortcomings o f ex isting d ata, s ome i ndirect i nformation c an s till be
gleaned from them, given the known c haracteristics o f HFT participants: t heir trades are
necessarily el ectronically executed; they tend to focus on spot (especially the most liquid
pairs); and their activity is geographically concentrated in the United States and the United
Kingdom, where the servers of the key trading platforms are based.

The BIS Triennial Survey, for instance, contains some indirect evidence of the rise of HFT as
one of the drivers of the rise in FX turnoverin recent years. In April 2010, daily a verage
global FX market turnover was $3.98 trillion, up by $657 billion from April 2007. About three
quarters of this overall growth came from the rise in spot turnover. Most of this growth was
recorded in the United Kingdom and, to a lesser extent, the United States.'® An estimated
breakdown of the growth in spot transactions in these two countries by execution method
suggests that trading on multi-bank platforms drove almost half of the 2007-10 spot turnover
increase in the United States (trading via electronic brokers contributed to well less than one
fifth).'> The multi-bank ECNs most used by HFT firms are US-based. By contrast, in the
United Kingdom the growth in turnover via electronic brokers outstripped that on multi-bank
platforms and accounted for over one third of the increase in spot activity there. Reuters and
EBS, also well used by HFT players, are based in London.

The BIS Triennial Survey data can also be used to calculate a rough upper-bound estimate
of HFT turnover (see Table 1). As a firststep, as suming that H FT p articipants en gage
predominantly in spot trades, then HFT activity should be captured within the amount of spot
trades executed via electronic methods (ie electronic brokers, multi-bank trading systems
and, to a lesser extent, single-bank trading systems).

However, this subtotal of electronically executed spot turnover ($872 billion according to the
April 2010 B IS T riennial S urvey) does not di fferentiate be tween aut omated and manual
electronic transactions. C ontacts from Reuters suggest that auto-quote trade ac counts for
40-65% of total trading, depending on the currency pair. EBS data show that auto-quote-
type trading accounted for about 45% of volume on average in 2010. Assuming that this 45%

See King and Rime (2010). Detailed results of the April 2010 Triennial Survey are available at
www.bis.org/publ/rpfxf10t.htm.

Information on turnover by execution methods was collected in both the 2007 and 2010 BIS Triennial Surveys.
However, the full counterparty details needed to properly adjust for local inter-dealer double-counting (which is
important for calculating country-level aggregates, or the so-called net-gross basis) were collected only in
2010. Thus, the adjustment for local inter-dealer double-counting for the 2007 data was estimated. Also, owing
to different methodologies and coverage, the US turnover growth estimate shown here may differ from the
growth figures calculated from the FXC survey for North America.
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share appl ies uni formly t o al | el ectronic ex ecution m ethods, w e obt ain an es timated
$393 billion daily global turnover of automated spot trades for April 2010.

This global proxy is likely to overstate HFT turnover not only because HFT is only a subset of
automated trading but also because HFT activity is not global. A similar calculation using
data from the North American (FXC) and UK (FXJSC) surveys could yield more
geographically pl ausible pr oxies. | n al | ¢ ases, the r esulting figures t urn out t o be abou t
24-30% of spot turnover, in line with market participants’ estimates.

Table 1
Estimation of automated spot turnover
Average daily turnover for April 2010, in billions of US dollars

BIS — global F);C - North FXJS_C — United
merica Kingdom
Total, all instruments, all methods’ 4,124 898 1,900
Of which: spot, all methods 1,590 498 711
Of which: spot, electronic methods 872 264 461
Electronic brokers 414 96 268
Multi-bank platforms 231 ) 105
Single-bank platforms 228 168 88
Estimated automated spot turnover, 393 119 207
assuming 45% share of all electronic
As share of total spot turnover 24.7% 23.8% 29.2%

' Fromt he by ex ecution m ethod a nd i nstrument” t able of t he r espective s urveys. T his t otal does no 't

correspond t o t he “ headline” t otal t urnover due to i ssues s uch a s d ifferences i n aggregation p rocedures,
incomplete allocation by execution method, and rounding. 2 Includes turnover on single-bank platforms and
multi-bank platforms.

Sources: BIS Triennial Central Bank Survey of Foreign Exchange and Derivatives Market Activity; FXC Semi-
annual F oreign E xchange V olume S urvey; F X J oint S tanding C ommittee S emi-annual F oreign E xchange
Turnover Survey (revised results); BIS calculations.

Two further points of note regarding automated trading or HFT on the two major electronic
trading platforms:

Contact with Reuters indicates that the share of auto-quote trading is also quite high
for c urrencies s uchas N ZD and M XN. T his suggests that aut omated t rading,
including HFT, has the potential to venture beyond the major currencies.

EBS suggests that HFT names account for a large majority of the prices made by
algorithmic traders on the platform. HFT makes up a much larger proportion of ticket
volumes than the nominal turnover volume shows. Some bank contacts believe that

Lee (2010) estimates that HFT in 2010 was 25% of all F X activity (not explicitly defined). King and R ime
(2010) report market p articipants’ es timate of 25 % of spot F X ( source not cited). D iscussion with m arket
contacts in Hong Kong suggests that HFT in the narrowest sense is about 10% of total FX activity, or 20-30%
if trades with holding periods that last up to a few minutes are included.
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HFT makes up a large proportion of EBS turnover; some suggest that HFT firms are
among the top customers of EBS."

Finally, s ome s maller pl atforms c laim t o hav e volumes t hat can at times rival E BS and
Reuters, in part attributable to the high participation of HFT players. F or example, market
contacts cite Currenex as a platform that does not impose minimum quote life or minimum fill
ratios and m ay t herefore be a ttractivet o some H FT firms w ishingto tradeinal ess
constrained environment. There is reportedly considerable HFT-to-HFT trading on this
platform.

2. Effect of HFT on price discovery and liquidity in FX

21 Views of market participants

Notwithstanding ¢ omplaints about t he c ompetition br ought about by H FT, bank c ontacts
generally concede that the increased presence of HFT firms has had some beneficial effects
on the market: spreads are undoubtedly tighter and some HFT firms appear to enhance
liquidity in nor mal m arket c onditions. S ome contacts agree that such firms are efficientin
mobilising liquidity around the system and between different venues, which is important in a
fragmented m arketplace. They note that price b ehaviour has become more granular, with
fewer big-figure moves and instances of gapping than in the days of manual-only trading.

There are, however, questions over the quality of liquidity available at a given pointin time.
Some market contacts argue that HFT provides liquidity at “top of book”, for small order
sizes, but is detrimental to liquidity for larger order sizes. In particular, since the introduction
of t he “fifth de cimal” for m ajor c urrency pairs on EBS early in 2011, w hich reduced t he
potential cost of providing marginal HFT liquidity,’” there have been claims that the depth of
book has been impaired. One bank contact quantifies this point by noting that spreads in
EUR/JPY, for example, have narrowed by 20% for deals that are smaller than €5 million but
widened for larger deals (eg two to four times for deals amounting to €20 million).

Indeed, the quality of a bid or ask is determined by more than just its price. The size of the
bid/ask quote is also an important attribute that determines the ease of transaction, as are
the av erage ‘“lifetime” of a quote (ie how longa quote staysinthe marketbeforeitis
cancelled) and t he average holding time of positions for market-makers (“inventory cycle”)
until they close their positions by conducting offsetting trades.

HFT participants typically place a bi d or ask only for a very short time, often measured in
milliseconds. While HFT players can use their speed advantage to “produce” many quotes,
not all quotes necessarily reflect a g enuine intention to trade (“quote stuffing”, which results
in noisy price signals and could slow down price discovery for other market participants).'®
Moreover, HFT-generated g uotes can show up simultaneously in m ultiple trading v enues,

Risk (2011) also reports dealers as saying that there are four algo traders among the top 10 clients (it is not
specified whether these are pure HFT firms, but this seems to be implied given the article’s usage of the term
“algo”). The article also quotes EBS as saying that there are four algos among the top 15 clients.

This improvement in price behaviour is arguably due not only to the presence of HFT but also to the generally
improved ab ility of all market par ticipants t o ev aluate da ta and t o trade, given advances in i nformation
technology.

For EUR/USD, for instance, the addition of the fifth decimal reduced the potential incremental cost of
unwinding a €1 million trade from $100 (1 pip) to $10 (0.1 pips).

However, some trading platforms do impose controls to mitigate this type of behaviour (as well as excessively
short quote life) in order to ensure that prices are made only with genuine interest to trade (see Section 5).
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giving an impression of good market-wide liquidity, but disappear across venues once one of
themishit'” HFT quote s izesalsotendtob es mall, whichisnot us eful for m arket
participants with larger orders to trade. HFT “liquidity providers” also tend to o perate with
much shorter inventory cycles than do their traditional counterparts. An order executed by an
HFT is typically sterilised by a ¢ ounter-order within s econds. I ndeed, the rise of HFT has
been associated with a significant reduction in quote life, quote size and inventory cycle, and
an increase in the number of transactions. While detrimental to some market participants,
this development has clearly been beneficial to those participants trading in smaller amounts
of foreign exchange.

That said, a number of market contacts report that they are in fact more concerned about the
price and | iquidity e ffects as sociated with t he i ncreased us e o f al go execution methods
(rather t han al go decision-making, i ncluding H FT). S ome pa rticipants in the r eal m oney
sector hav e beg un to s how interest in ex ecuting F X or ders v ia bank or t hird-party a lgo
tools.”® Algo execution orders tend to be | arger in size and unidirectional in nature, and are
executed at low frequency. The price and liquidity effects they have could be more persistent
than those associated with pure HFT (HFT tends to trade in both directions and carry
relatively small risk positions).?' Nonetheless, both execution and decision-making algorithms
have the potential to g enerate herd-like beh aviour, t ot he e xtent thatt hey m ay hav e
incorporated s imilar p arameters, w hich m ay trigger similar behav iour unders ome
circumstances.

2.2 Findings in the empirical literature

Formal e mpirical investigations of the effects of HFT on market quality are still scant. The
often cited contributions of Chaboud et al (2009) and Hendershott et al (2011) discuss effects
of algorithmic trading in general, not HFT in particular.?? Only recently has a small literature
on HFT emerged, using transaction-level data, although this new literature has so far studied
only equity markets (see Appendix).

Overall, t he e mpirical | iterature s uggests that al gorithmic trading and H FT are neutral to
beneficial f or market quality, i nt hat v olatility has dec lined and quoted s preads hav e
narrowed. T he findings on | iquidity pr ovision are m ixed. G enerally, algorithmic | iquidity
appears t o be m ore s trategic t han non -algorithmic | iquidity and t ends t o dec line when
volatility rises. Regarding price discovery, contrary conclusions have been drawn for FX and
for e quities. Taken as a whole, the literature consistently s hows that i nformation in orders
has become more relevant than information in trades.

The literature highlights the i mportance of ac counting for endogeneity: not only does HFT
activity i nfluence market c onditions, i t al so responds t o ¢ hanges i n market ¢ onditions.

This is often referred to as a “liquidity mirage”. Again, this behaviour need not be attributable only to HFT but
can be prevalent among other market participants too.

2 For example, AES, an algorithmic execution tool that operates as an agency business for Credit Suisse, has

been growing strongly in F X since 20 08. N ominal turnover has grown around fivefold since 2008. Of the
clients that use this service, about 60% are global macro investors, 20% are asset managers and 15% are
proprietary trading desks, with the remainder (5%) including corporates, pension funds and sovereigns. Other
banks are beginning to offer similar tools. Investment spending in this area is said to be strong at the moment.
Some multi-bank ECNs are also said to provide similar algo execution tools, or are building them.

#' See CFTC-SEC (2010) for a description of how this point on the persistent effects of algo execution played out

in the US equity market during the 6 May 2010 flash crash.

2 The literature us ually defines al gorithmic trading as the use of computer al gorithms to automatically m ake

trading decisions and submit orders. It thus includes HFT as well as order flow originating from aggregation,
risk management, agency execution algorithms or any proprietary directional trading models.
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Critically, the literature suggests that the effect of HFT depends on the strategies chosen. At
the time of writing, published empirical results exist only for strategies in equities. Given the
differences in market structures (see Section 4), HFT strategies in FX may well differ from
those in equities. Accordingly, results derived from the study of HFT in equities may not
necessarily apply in FX.

Chaboud et al (2009) is the only major contribution that investigates algorithmic trading in FX
markets. Using EBS data ending in 2007, the authors provide four stylised findings:

. Algorithmic (“computer”) orders are more highly correlated than human orders: the
probability of computers trading with humans is higher than in a pure random
setting, whereas the probability of computers trading with computers is lower.

. There is no evidence that algorithmic trading causes an increase in FX volatility in
the s ample period. Thereis s ome evidencethatit mayhavecausedas light
reduction in realised volatility.

. Orders by hum an traders have a m ore i mportant price i mpactin E UR/USD and
USD/JPY t han al gorithmic or ders. B ut t he i mpacti s about equalin E UR/JPY,
consistent with t he notion t hat triangular ar bitrage by ¢ omputer traders plays an
important role in the cross rate.

o During the minute following the US non-farm payrolls announcement, when volatility
is high, the share of liquidity provided by algorithmic traders decreases, relative to
the share of liquidity provided by human traders. During the following hour, however,
algorithmic traders increase their liquidity more than human traders do. In providing
liquidity, computer traders are found to react more strongly to changes in order flow
than human traders. This suggests that computer traders provide liquidity primarily
when an adverse shift in prices due to new information is unlikely. Computer traders
are thus said to behave more strategically than human traders, in the sense that
they are more successful in avoiding trading with informed counterparties.

The authors conclude that the growth of algorithmic trading has not lowered market quality
and emphasise that ultimately the trading strategy will be relevant for market quality, not the
frequency at which orders are placed.

Empirical s tudies on the e ffect o f al gorithmic trading and HFT ont he eq uity m arket are
discussed in the Appendix.

3. Behaviour of HFT in FX in times of stress

Available dat a s uggest t hat al gorithmic i nvestors, i ncluding H FT, hav e added s ignificant
volume to the FX marketplace in recent years. Still an open question, however, is how the
liquidity as sociated with this added v olume differs from that provided by traditional m arket
participants (see Section 2). There are questions about the stability of HFT players as
liquidity pr oviders i n s tressed m arket c onditions, par ticularly s ince t hese par ticipants ar e
highly sensitive to risk and tend to hold positions on an intra-day basis only. As bid-ask
spreads widen out and prices begin to gap, some observers suggest that HFT participants
may be more inclined to pull out of the market, at least temporarily, especially once their net
positions ar e c lose t o neut ral. H FT par ticipants ar e not under any o bligationt o m ake
markets, and they tend to seek to exploit only very small moves and are thus reluctant to
open themselves up to the risk of large adverse price movements.

However, ot hers argue that the s uperior technology of HFT firms enables them to nimbly
navigate such difficult market conditions, making them less likely to exit in the face of
volatility. According to market contacts, the specific strategies that HFT firms deploy can be a
function of market conditions. In volatile markets, some firms may switch from trading models

14 High-frequency trading in the foreign exchange market



that are more suited for normal market conditions to those that have been deemed effective
in periods of volatility.

A closer | ook at two recent epi sodes of high market v olatility helps to shed light on t he
behaviour of HFT players. One key question is whether HFT-provided liquidity withdrew at all
and, if s 0, w hether it withdrew m ore or | ess t han did | iquidity f rom t he m ore t raditional
sources.

In discussing these ev ents,itis important tok eepi nm indt hatt hey oc curredi n an
environment of heightened volatility across many markets, not just in FX. Indeed, liquidity in
the foreign exchange market, while adversely affected, was generally still superior to thatin
many other markets.

31 FX market on the day of the “flash crash”

During the early afternoon of the New York trading day on 6 May 2010, sharp price action
was witnessed in the equity markets, as well as in other markets, including the FX market.
EBS data on 6 M ay show that algorithmic execution comprised about 53.5% of total activity
(versus 46.5% manual) on that day, which was higher than on av erage (45% al gorithmic,
55% manual for 2010). The higher than normal share of turnover on 6 May suggests that
algorithmic participants did not reduce activity more than did traditional market participants.
That s aid, t here ar e no refined data on t he be haviour of HFT ac counts as a f raction of
algorithmic ac tivity. A necdotally, E BS ¢ ontacts s uggested t hat H FT di d r emain ac tive
throughout the volatile session. However, some market contacts, also citing anecdotes,
suggested that HFT activity tends to gravitate towards the major liquidity-providing platforms
in volatile market conditions. Thus, EBS and R euters could be among the last venues from
which algo traders, including HFT participants, would exit.

Conversations with dealers reveal a mixed picture about the stability of algorithmic players’
engagement with the market on 6 May. Some FX prime brokerage providers have suggested
that HFT players, in particular, did remain active in the marketplace, with some citing their
ability to effectively weather such volatility given their technologically superior risk
management capabilities. Others suggested that while there may have been some decline in
HFT activity, this was consistent with the behaviour of traditional liquidity providers such as
banks, who were also seen to be reducing activity, becoming more risk-averse and widening
spreads significantly as developments unfolded. Yet others have suggested that algorithmic
accounts in fact did pull back amid the increased volatility.

Raw data from EBS provide a more nuanced view of activity in the EUR/USD pair — including
some indirect indications of HFT — during this particular episode of s harp price action on
6 May. Graph 2 plots the price action in the EUR/USD pair on that day between 14:30 and
15:30 New York time against two additional series: (i) the ratio of algorithmic investor order
submissions on 6 May to average algorithmic investor order submissions for the prior period;
and (ii) the ratio of manual investor order submissions on 6 May to average manual investor
order submissions for the prior period.?*

% For reference, in equities, HFT participants trading the S&P 500 futures contract were initially blamed for the

sharp falls in the prices of many equity-linked instruments and the underlying shares. However, the
subsequent official investigation concluded that HFT participants did not cause the crash, did not seem to
have altered their strategies on that day and, most notably, did not exit en masse even as market volatility
rose (Kirilenko et al (2010) and CFTC-SEC (2010)). Evidence from FX presented in this section also suggests
that algorithmic and HFT players did not completely desert the market.

# The prior period is defined as the same time of day on the previous 25 trading days. The order figures reflect

the total number of orders submitted within 10 pips from the best price for each one-minute increment.
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Graph 2
Algorithmic and manual quote submissions on 6 May relative to prior period averages

1.264 — — EUR/USD s1paot (Ihs) 15
Algorithmic™
Manuaf* ®

1.262

1.260 —10

1.258

1.256 —5

1.254

1.252 0
14:30 14:35 14:40 14:45 14:50 14:55 15:00 15:05 15:10 15:16 15:20 15:25 15:30
" Number of EUR/USD quotes submitted by algorithmic traders on 6 May divided by the average number of EUR/USD quotes submitted
by them during the same time of day on the prior 25 trading days. 2 Number of EUR/USD quotes submitted by manual traders on 6 May
divided by the average number of EUR/USD quotes submitted by them during the same time of day on the prior 25 trading days. * A
ratio of greater than 1 indicates higher than average activity.

Source: EBS.

The data show that the number of both manually and algorithmically submitted orders was in
fact sharply higher than the average of the prior period. Additionally, the data show that the
scale of this increase in the number of orders submitted on 6 May, relative to the average,
was more significant®® for the algorithmic participants than for the manual participants during
this particular point in time. Although this measure does not provide insight into the liquidity
actually provided by these players, the increase in order submissions is certainly consistent
with t he hi gher t han av erage per centage o f ac tivity r epresented by al gorithmic i nvestors
overall on 6 May, as cited earlier.

Graph 3
Share of PTC-generated algorithmic activity on 6 May relative to prior period average
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" Share of total algorithmic quotes submitted by professional trading community (PTC) participants (ie non-banks) on 6 May divided by
the average share of total algorithmic quotes submitted by the PTC during the same time of day on the prior 25 trading days. A ratio of
greater than 1 indicates higher than average participation of the PTC.

Source: EBS.

While Graph 2 illustrates higher than average order activity among algorithmic investors on
EBS, it does not provide a more discrete look at HFT activity itself, which is one subset of the

% However, there is a br ief period when this trend briefly reverses, which coincides with the sharp change in

trend in EUR/USD shortly after 14:45.
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algorithmic category. Graph 3 provides a closer, though still indirect, look by plotting the
share of algorithmic activity generated by non-bank participants — or the professional trading
community (PTC) — during the same one-hour timeframe on 6 May. These data indicate that
PTC activity as a s hare of total algorithmic activity during this period of volatility was higher
than the av erage ov er the prior period. This suggests that t he i ncreased c ontribution of
activity by algorithmic p articipants shown in Graph 2 was driven largely by the increased
activity of PTC participants.

Of course, P TC activity can include more than HFT and t hus t hese d ata c annot directly
confirm the activity generated by HFT players. Nonetheless, they are at least consistent with
anecdotal suggestions that HFT players remained active throughout the session (non-bank
HFT firms accessing the market through prime brokers are reported as P TC). I n addition,
given t he | arger t han a verage num ber o f or ders s ubmitted per minute, as evidencedin
Graph 2, the data suggest that the strategies employed by those algorithmic participants who
remained active during this period of volatility were more, rather than less, consistent with
HFT (eg more frequent submissions of orders per unit of time), although this increase in
activity could be at tributable to ot her factors as well, including the generally more v olatile
market conditions at the time.

That said, HFT firms’ continued presence and hi gh trading volume may not be c onclusive
indicators of the quality of liquidity in times of stress. Experience in the equity market on that
day provides an anecdotal illustration. The official investigation of the flash crash finds that
equity HFT par ticipants i nitially abs orbed s ome of t he s elling pr essure from fundamental
(non-HFT) sellers, acquiring a net long position. But given their short inventory cycles and
limited risk appetite, the HFT par ticipants s oon had t o s tart s elling t heir | ong pos ition t o
reduce market risk, thereby competing for liquidity with fundamental sellers. The CFTC-SEC
(2010) report also points out that the rise in turnover during the flash crash was attributable
to “ hot po tato” trading among H FT firmsin the abs ence o f fundamental buy ers. This
increased trading volume in turn amplified the selling pressure from execution algorithms
with programmed execution rates linked t o m arket t urnover. T his anecdotal observation
raises c oncerns t hati ncreased H FT ac tivity i n v olatile m arkets c ouldi n s ome ¢ ases
accelerate and m agnify price action, resulting in adv erse feedback with pos sible s ystemic
implications (see Section 6.2). Furthermore, the extraordinarily high quote traffic overloaded
the NYSE IT systems; quotes were disseminated with delays of up to 20 seconds.

3.2 JPY move on 17 March 2011

Early in the morning of 17 March, USD/JPY declined by some 300 pips from around ¥79.50
to below ¥76.50 in just 25 minutes between 05:55 and 06: 20 Tokyo time (16:55-17:20 New
York time on 16 March). This move was in part linked to the compulsory stop-loss trades for
retail FX margin traders executed by the retail aggregators.?® The background and timing of
the episode are notable in three ways:

o It occurred against a backdrop of historic-high levels of net long USD/JPY positions
among Japanese retail FX margin traders, who tend to invest with a contrarian view
(USD had been depreciating against JPY for a while).

o It occurred during a less liquid part of the global trading day, at the end of the US
session and before the Asia session was fully open.

% As from February 2010, the retail aggregators are obliged by regulation to exercise a “compulsory loss-cut

rule” such that their clients must cut their positions whenever losses exceed the margin posted. In addition, a
regulatory cap has been set for the maximum leverage investors can take against the margin (50 times as
from August 2010, lowered again to 25 times as from August 2011).
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. It coincided with the time of the day when many OTC retail aggregators have their
scheduled system halts to run the batching process to prepare for the next day and
to calculate clients’ margins for regulatory purposes. Four of the five largest retail
aggregators in Japan have system pauses between 05:45 and 06:10 Tokyo time.

Because of t he s ystem hal ts, c lients w ere not abl e t o pos t addi tional m argins or c lose
positions to avoid triggering automatic stop-outs. When the retail aggregators proceeded with
the compulsory stop-outs, it resulted in a wave of USD selling in a relatively thin market. As a
result, U SD/JPY started to ex hibita free fall. Many bank s withdrew f rom market-making.
Those that continued to make markets widened their spreads so much that their bids were
far below the last prevailing market price, making it difficult for counterparties to accept and
transact. A vicious cycle of USD/JPY fall and stop-losses ensued, until the pair hit ¥76.25 at
around 06:20. In the next 30 minutes or so, USD/JPY recovered to ¥78.23 as hedge funds
and new retail investors began to build up fresh USD/JPY long positions. Banks, having
withdrawn from making prices during the most volatile period, also resumed market-making.

USD/JPY dipped again at around 07:00 to reach ¥77.10. This move coincided with another
round o f au tomated s top-outs, ex ecuted t hist ime by FX m argin-trading brokers t hat
participate on a particular trading platform on the Tokyo Futures Exchange. This platform had
a s cheduled dai ly ha It bet ween 05: 55 and 06: 55. When t he s ystem restarted at 06: 55,
numerous compulsory stop-out orders were generated over five minutes to the six market-
makers that have obligations to provide prices to this platform (market contacts estimated
$2 billion of USD/JPY selling).

Although this episode largely reflects factors that are specific to retail margin trading and the
structure of associated systems, it offers another instance of HFT behaviour under volatile
FX market conditions. During this episode, both HFT players and traditional market-makers
reportedly withdrew, to a large extent, from the market. But in the light of the specific time of
day, the withdrawal could also be related to system pauses, rather than just the operation of
the HFT firms’ internal risk controls. The episode also suggests that, even in trading venues
with designated market-makers (as is the case with this particular platform in Tokyo), there is
no guarantee of the quality of the quotes. Some market-makers with formal obligations to
quote prices widened their bid-offer considerably during that time.

4. HFT in FX versus equities

Since the information technology and t rading techniques underlying HFT in FX have their
origins in HFT for equities, it is not surprising that many similarities exist between HFT in the
two markets. For example:

° A focus on the most liquid segment of the electronic marketplace: in equities,
primarily blue-chip stocks, index futures and exchange-traded funds; in FX, mainly
the m ost liq uid ¢ urrency p airs s uch a s E UR/USD, US D/JPY, GBP/USD a nd
potentially also some other well traded currencies such as AUD, CAD and MXN.

. Similar impact on markets: narrower spreads, smaller quote size, shorter quote life,
shorter holding time, more frequent trades.

o Some pot ential c ommon ¢ oncerns: | iquidity m irages, pot ential for “ fair w eather”
market-making, possible artificial “hot potato” volume, incentives for traditional
market-makers to go into less transparent venues (see Section 6).

In fact, it could be argued that some aspects in both markets are exhibiting similar longer-
term trends or convergence. For instance, both markets are reportedly becoming more order-
driven (ie prices determined mainly by the flow and continuous matching of buy and sell
orders submitted by participants) rather than quote-driven (ie prices determined mainly by

18 High-frequency trading in the foreign exchange market



the bi d/ask q uotes s ubmitted by market-makers and ot her par ticipants who are ready to
transact at those quotes) (see further discussion in Section 6.2).

However, there are notable differences as well. Given the different market structures, HFT
strategies i n FX ( mainly O TC, global) may di ffer c onsiderably f rom t hose i n e quities
(exchange-based). For example, rebate capture, a widely used HFT strategy in equities, is
made possible by local exchanges offering rebates to attract order flow and boost volume.?’
An HFT player can profit from this by generating many passive bids or offers for other market
participants to trade on. The HFT captures the rebate fee each time an order resultsin a
passive trade, regardless of whether the trade itself makes profits or not. But if the HFT
player trades actively to reduce a position by either hitting a bid or lifting an offer, it does not
obtain the rebate. This type of pure market-making strategy is so far not prevalent in FX.

Table 2

A stylised comparison of foreign exchange and equity markets

Foreign exchange Equities

Market structure Decentralised, OTC (except for CME) | Organised around formal exchanges
No formal market-making With more formal market-making
requirements requirements

Trading hours Essentially 24 hours each day; about | Fixed trading hours each day; five
five and a half days a week days a week

Fee/commission Built into the bid-ask spread Exchanges can charge fees, offer

rebates, etc

Regulation of Self-regulated (except for CME) Formally regulated

trading venues

Latency More variable across venues Relatively predictable

Short-selling No restriction for freely traded May be restricted/banned under
currencies some conditions

What is traded Cash for cash (ie relative price) Cash for equities (absolute price)

Rationale for For both investment and transaction Mainly for investment purposes

trading purposes (eg due to trade in goods

and services, or foreign assets)

The scope for latency arbitrage, which e xists in FX, may al so differ somewhat in the two
markets. Lat ency ar bitrage i n e quities w as m ade more pr evalent byt he 2006S EC
Regulation NMS (National Market System), which requires brokers to execute each customer
trade at the national best bid or offer price (NBBO) across all US equity exchanges at that
given moment. The time lag between the appearance of bids/offers on the raw price feeds
from the various exchanges (to which HFT firms have access) and the posting of the NBBO
on c onsolidated da ta feeds ( to w hich m ost o ther pa rticipants hav e access) pr ovides a
potential ar bitrage op portunity f or HFT f irms.?® Accordingt o one m arket ¢ ontact, t he
transparency of regulated exchanges means that latencies tend to be more predictable. In

2 Market contacts suggest that, in Canada, the majority of equity HFT activity is from rebate capture.

2 This time lag essentially allows HFT participants, given their high-speed computing power, to project what the

NBBO would be some milliseconds later. HFT participants can then quickly take positions to profit from what
they have learned ahead of other slower market participants.
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the decentralised FX market, by contrast, transparency is relatively lower (and there is no
regulation-enforced equivalent of NBBO); latencies are therefore more variable across
platforms. But as these latencies decline and ¢ onverge across markets over time (eg with
improved i nformation t echnology), F X and e quity t rading may beg in t o | ook i ncreasingly
similar.

Another major difference is the presence of “real” demand in and the greater diversity of the
FX market. FX is traded not only as an asset in itself, but also due to underlying global trade
and capital flows. The FX market includes a br oad community of non-speculative real end
users with diverse objectives: investment actions of “real money” managers, foreign reserve
management actions of central banks and national sovereign wealth funds, hedging actions
by global corporates, and retail users. These participants have a variety of holding periods.
The FX market is also an essential secondary market underlying primary investment markets
such as equities, commodities and fixed income. This breadth and c overage should help to
reduce the likelihood of flash crash-type extreme moves in F X markets, es pecially for the
major currency pairs during the more liquid part of the global trading day.

Finally, according to market contacts, while the presence and activity of HFT players have
been known to drive traditional market-makers into less transparent venues, trading in “dark”
venues has so far been much less common in FX than in equities. There have been
discussions among the largest FX banks of plans to set up a more “exclusive” trading venue
with rules of engagement that better cater to traditional FX market participants with a genuine
intention to deal, although this alternative venue is not supposed to be “dark”.?

5. Self-regulation: current practices

Since the FX market is largely a decentralised OTC market, not subject to formal regulations,
trading pr actices, i ncluding those of HFT firms, ar e g overned mainly by s elf-regulation.®
Non-bank HFT firms in FX are subject to three levels of trade control:*' (i) their internal risk
management systems; (ii) the risk management controls of their prime brokers; and (iii) any
trade c ontrols i mposed by t he trading pl atform. M oreover, to the extent t hat any s pecific
predatory H FT trading behaviour ¢ an be i dentified, c ounterparties will s eek to | imit t heir
trading exposure to those firms generating the predatory trades. This ultimate sanction, of
cutting off trading with a counterparty, is possible as long as trading is not completely
anonymous (eg the counterparty is identifiable by at least its code on a trading platform, if not
its name). That said, the Foreign Exchange Committees in a number of jurisdictions do issue
guidance on different aspects of FX trading and related business. At the time of writing, such
guidance is being reviewed to reflect recent trends and to enhance the codes of conduct for
the FX market, taking ac count, as needed , o ft he ¢ hanges i nduced by t he i ncreased
presence of HFT.*?

2 Apparently in response to this potential move by the major FX banks, EBS piloted in late 2010 and launched in

August 2011 a new functionality (available to banks only) called “Continuous Match”, which provides manual
traders with an easier way to execute large orders. These block trades would take place outside the normal
order book so as to limit market impact.

%0 For reference, Clark (2010) discusses internal risk management and pre- and post-trade risk controls for the

case of HFT in equities.

¥ Trade control incorporates the management of credit risk, as this impacts the ability of the HFT to trade.

% For example, the FXJSC in London is reviewing the 2009 version of its Non-Investment Products (NIPs) Code,

the 2011 update of which will include a new section on electronic trading (see the minutes of the Committee’s
January 2011 meeting). The New York Foreign Exchange Committee is reviewing its 2006 paper on
autodealing with a view to updating the document in the coming months.
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5.1 HFT firms’ internal risk control

As already noted, HFT strategies generate profit by making a large number of small-size low-
margin transactions over a s hort period of time. O ne cornerstone of their businessis the
effective reduction or management of their market risk — including the cessation of trading in
volatile markets if certain parameters are violated. This is especially important since in most
cases the owners’ capital is directly at risk. HFT firms’ risk management systems are both
fast and s ophisticated, and pot entially s uperiort ot hose o ft heir b ank ¢ ounterparts.
Furthermore, these firms’ trading al gorithms ar e extensively backtested prior to actual live
trading. According to anecdotal reports, these risk controls were much faster in their reaction
to the flash crash than the exchange circuit breakers. Some HFT firms diversify their trading
risk by operating a broad portfolio of different trading models or strategies, with each model
or strategy having only a small risk allocation (see Sections 1.2 and 3).

5.2 Monitoring by prime brokers

HFT firms access the FX market primarily through a prime brokerage relationship using the
credit of the prime broker (see Section 1.4). As a result, PBs have a strong incentive to
monitor and control the HFT clients’ market access since it is their name, reputation and risk
that are directly obs erved in t he market. P Bs monitor and ¢ ontrol the HFT clients’ c redit
usage and trading performance through their internal risk management systems. This may
require co-locating the PBs’ risk management servers with the main trading hubs in order to
minimise latency. For the risk management process to be fully effective and to minimise the
credit risk to the PB, including the impact of a potential rogue trading algorithm, the PBs’ risk
system must be both real-time and as sophisticated as that of the HFT. Given the short
trading time frames involved, risk positions can accumulate rapidly.

Indeed, many prime broker contacts have indicated that they are actively working together
with the trading platforms to create a more efficient and timely process for limiting or cutting
off credit to clients across the platforms if needed, citing this as a major priority. One such
recent industry initiative was launched in late June 2011.%® It is designed to help PBs monitor
their clients’ credit risk across different electronic trading platforms by aggregating positions
across platforms in real time and providing the capacity to terminate specific clients’ access
to the market (“kill switch”) if unacceptable trading positions are being established. Such real-
time capacity to m onitor and m anage c lients’ c redit could shorten the time | ag bet ween
unacceptable positions being ac cumulated and trading being s hut down, thereby reducing
the ov erall ex posure. While the time lagis reduced, itis not eliminated: H aldane (2011)
highlights as an issue the fact that trading and risk monitoring have now become so fast and
complext hatt hey hav e m oved well be yondt he nor mal ¢ apacity of di rect hum an
comprehension.

It remains to be seen whether this and any other risk mitigation initiatives would help address
the concern that PBs seeking to generate more income from greater trading volume may be
underpricing the services they provide to clients, including HFT clients, relative to the risks
they are incurring from that business (see Section 1.4).

5 Jointly dev eloped by Traiana, a c ompany s pecialising in electronic post-trade processing for OTC FX and

other transactions, and a nu mber of major F X prime br okers and t rading p latforms. See pr ess r elease:
http://www.traiana.com/news/pressreleases/fullstory/?id=70.
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5.3 Trading platform rules and controls

The trading platforms used by HFT firms also have controls to influence participants’ trading
behaviour. The two main electronic broking platforms (EBS and Reuters) have extensive
trade controls, including requirements on t he minimum amount of time that a quote has to
remain ac tive ( minimum q uote life, MQL), on t he per centage o f ac tual t rades c onducted
relative t o t he total a mount o f quotes s ubmitted ( minimum fill r atio), and | imits on the
maximum number of quotes that can be submitted in a specified time interval. These controls
vary by currency pair, with the major currencies having a s horter minimum quote life and a
lower required fill level.

In addi tion, bot h el ectronic br oking pl atforms h ave a ¢ ode or rules o f c onduct by w hich
participants must abide. The electronic brokers monitor the behaviour of their trading
counterparties and adjust the trading parameters as required in order to maintain an orderly
market between the traditional non-algorithmic (manual) participants and the algorithmic
(including HFT) accounts. For example, following the introduction of decimalisation for major
currency pairs in March 2011, EBS announced that it would increase monitoring through the
use of a “top of book quote interrupt” measure, which tracks the length of time for which a
quote that stays undealt remains at top of book. Ultimately, the platforms have the option of
reducing or removing the trading privilege of a predatory HFT counterparty.

Although t he el ectronic br oking s ystems t hemselves do not ha ve f ull risk management
capability, they allow the PB to specify the gross daily trading volume that each account can
trade. However, this does not determine the amount of risk being undertaken by a specific
counterparty. The ultimate risk control for the HFT participants’ trading on the system lies
with the PB.

The C ME, an ex changet hati s formally r egulated by t he C ommodity Fut ures Tr ading
Commission (CFTC), has controls that are somewhat similar to those of EBS and Reuters.
Other ECNSs, including the multi-bank platforms, have less extensive trading controls. For
example, Currenex does not have requirements such as minimum quote life or minimum fill
ratios. The controls that these other platforms do have are there mainly to facilitate more
orderly trading when the system is overloaded and t hus are typically triggered only when
volumes increase sharply.

In the case of single-bank platforms, the bank that sponsors the platform controls the access
of HFT clients to the system and can adjust the terms of access for each client based on the
performance of each trading relationship. If a p articular HFT client’s trading relationship is
shown to be unprofitable, the sponsoring bank can change the terms (eg size of the bid-ask
spread) offered to that client or ultimately cut off access completely.

6. Lessons and issues

The increased use of high-frequency trading strategies in foreign exchange in recent years is
a direct result o f adv ances i n i nformation t echnology, t he r apid s hift from di rect bi lateral
transactions t o aut omated t rade execution ov ert he pas t dec ade, t he pr oliferation o f
alternative t rading v enues and t he growth o f p rime br okerage c redit s ponsorship. It has
nevertheless r aised i ssues for market par ticipants on bot h the sell and buy sides of the
market, and for the global regulatory community.* The issues can be grouped into concerns

% See Haldane (2011) for on e di scussion of these issues. |IOSCO (2011) di scusses m arket ef ficiency and
integrity i ssues raised by technological changes, including the rise of HFT; it also mentions a number of
initiatives in this area (mostly pertaining to equities) by the regulatory authorities in a number of jurisdictions.
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about the effect on market functioning, systemic risk, and market integrity. It is important
when e valuating t hese dev elopments t o ac knowledge t he financial i ncentives f or ot her
market participants, including PB service providers and trading venue operators, to mitigate
potential negative outcomes from HFT.

6.1 Market functioning

HFT has had a marked impact on t he functioning of the FX market in ways that could be
seen as bene ficial i n normal times, bu tal soinw ayst hat may be har mful to m arket
functioning, pa rticularly i n times o f market s tress. H FT has arguably helped t o i ncrease
market e fficiency b y m obilising t he pow er of new t echnology in t he m arketplace and by

creating incentives for other participants to upgrade their own technology as well. However,
the competition posed by HFT firms through their ability to compress spreads and make
profits at the ex pense of traditional m arket-makers, has resulted i n s ome m arket-makers
pulling back or changing how and w here they provide liquidity. T hat is, the introduction of
HFT to the market has affected the ecology of the FX market. This has a number of
consequences:

o In normal times, the presence of HFT is beneficial to market functioning in providing
liquidity and compressing spreads, at least for smaller trade sizes. But liquidity for
larger trade sizes may in some cases have become inferior. Moreover, given its
sensitivity to risk, HFT liquidity may evaporate rapidly in stressed circumstances.

o In that regard, several market participants have questioned whether the current tight
FX bid-offer spreads fully reflect market risk. The spreads may widen rapidly if HFT
firms quickly exit the market in periods of market stress. Furthermore, since the FX
market i s al ready v ery c oncentrated, as s uggested by the B IS s urvey dat a, any
further reduction in the number of key FX participants could lead to a substantial
reduction in liquidity during a crisis.

o HFT m arket-makers ha ve no bi nding obligation to stay in the market and pl ace
quotes in an adverse market environment. HFT-generated liquidity could thus
decrease suddenly if market conditions deteriorate considerably, leaving the market
with | ess liquidity just when it needs it most. During the flash crash, t here was
evidence that some HFT firms did r etreat from trading for s ome time w hile t he
volatility peaked, although other participants also retreated.

o To the extent that traditional providers of liquidity have responded to the presence of
HFT by being more cautious and selective in their liquidity provision, this may further
exacerbate dislocations in market liquidity in times of stress. This would result in a
larger m ovement in prices than was previously observed, even though in normal
times the possibility of price gapping is reduced.

o That s aid, “ traditional” market-makers hav e ( and had) no bi nding ob ligation to
provide liquidity e ither. T heir willingnesst o dos oi s s imilarly driven by pr ofit
considerations i n the FX bus iness and/ ori nt heir clientr elationships. | n the
movements inthe yenon 17 March, there is evidence that both HFT firms and
traditional m arket-makers pulled back to a s imilar extent as the y en appr eciated
sharply. But HFT firms were quick to re-enter the market as the yen reversed.*

o HFT has led to these traditional liquidity providers dev eloping proprietary liquidity
pools through which to hedge their own risk. They can engage with HFT firms in this

This theme is also evidenced in Chaboud et al (2009).
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more controlled environment. However, this takes liquidity out of the main markets
such as Reuters and EBS.

6.2 Systemic risks

In general, systemic risk is perhaps more likely to be triggered by a “rogue” algorithmic trade
than by pure HFT activity, which tends to involve small trade size, short horizons and diverse
strategies.®® This is certainly consistent with the emerging evidence about the 6 M ay flash
crash in US equities, which seems to have stemmed from a large sell order executed through
an algorithm that increased the size of the sell order packages as the market-wide trading
volume rose. HFT players initially attempted to provide liquidity against the sell order but the
market moved too rapidly, causing them to pull back just as the sell order raised its execution
rate in response to the rise in trading volume associated with the initial increase in HFT
activity. T he resultant reduction in liquidity provision c ontributed to the price cascade that
ensued. This is one illustration of how HFT may not be the trigger of market malfunction but
rather an accelerator once the initial problem has been precipitated. That is, HFT has
systemic implications because of its potential to amplify and propagate a shock, even if the
shock itself does not originate from HFT.

There are, however, some differences in market structure that make a flash crash-type event
in foreign exchange less likely than in the stock market during normal trading hours. O ne
fundamental difference is that foreign exchange is a relative price whereas a stock price is an
absolute price. Hence while a price movement is a fall for one party, it is a rise for another,
thereby redistributing wealth rather than reducing it as occurs when equity prices fall.

Another fundamental difference is that there is a natural demand for foreign exchange
related to cross-border trade and financial flows that provides some basic underpinnings to
market liquidity. There is no equivalent flow in the equity market.

Anissuethatanum berofm arket par ticipants r aised i s t hat s ome as pects o f foreign
exchange trading are becoming increasingly similar to trading in the equity market.>” Rather
than being q uote-driven ( with m arket-makers p laying a key r ole i n quoting pr ices an d
standing ready to meet orders at those prices), the FX market is reportedly becoming more
order-driven. Participants are unsure as to whether this is necessarily a bad thing (eg order-
driven markets reveal more information about the actual flow of buy and sell orders), but it
does potentially lead to the FX market becoming more vulnerable to issues associated with
insufficient liquidity. A quote-driven market provides a clearer and more continuous indication
of market pricing, which is not present in an or der-driven market. That said, an i mportant
distinction between the two markets is that the trading environment in equities is regulated
whereas foreign exchange is self-regulated by the participants.

6.3 Market integrity and competition

HFT players have often been accused — typically by market participants who have found their
margins squeezed — of “abusing” the market by picking off orders as they come to market. As
noted above, HFT strategies can actively look for large orders coming to market and quickly
take advantage of the effect of such orders on market pricing. To some extent, one ¢ ould

% Examples of systemic risk scenarios in FX: a vacuum of liquidity, a severe dislocation of prices, a failure of a

large significant liquidity-providing market participant, and the breakdown of a major FX platform disrupting
liquidity and market access.

%" Market structures are converging under the influence of common driving factors, not just in equity and FX but

arguably in all markets.
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argue that HFT is just the latest manifestation of the opportunistic trading behaviour that has
always been present in the market. The fact that this type of behaviour has been around for a
long time, of course, does not make it appropriate market practice.

An issue that might be a cause for concern as ar esult of this practice is the increase in
orders t hat ar e pr ocessed i nternally b y bank s, r ather t han i nt he m arket. The g eneral
improvement in technology, rather than HFT per se, has both made the business case for
internalisation and facilitated this process. But the success of HFT strategies in moving the
market a gainst |arge orders has further i ncreased the incentive for banks toinvestinthe
technology to internalise more transactions. This internalisation of orders implies that these
banks may achieve a certain informational advantage over other market participants that do
not see the full flow of orders. Once again, it could be argued that this concern over
informational advantage is only a different manifestation of an issue which is ever-present in
the market.*®

HFT is an embodiment (rather than a precipitator) of the operational advantage gained by
superior technology. The earlier investors in technology have been able to increase their
market share. Once this advantage has been gained, it is difficult for others to compete away
this advantage, given the large investment required to replicate the technology. This favours
the very large resource-rich firms such as the top-tier FX banks, as well as, in some cases,
the small nimble ones such as HFT firms and hedge funds, which can innovate more quickly.
It is the middle-tier financial institutions that are disenfranchised.

While, to date, HFT has been m ost prevalent amongst the major currency pairs, there are
clear i ndications t hat algorithmic t rading, an d pos sibly HFT, ar e spreading to ot her
currencies, including some emerging market currencies. This again may see a decline in the
role of traditional market-makers in those markets as they are unable to keep pace with the
technological demands. Price discovery in such markets may tend to shift offshore.

Itis important to bear in mind that while HFT is dependent on t echnology to function and
trade positions are often being opened and closed faster than human comprehension, there
still remains an important human element. The HFT models are continuously monitored by
human traders to ensure thatthey are performing as expected. In turbulent times, itis a
human trader who makes the discretionary call as to whether to turn off the trading model if it
has not al ready c eased trading. N ote that the human trader may al so s witch on t rading
models that perform well during periods of volatility.

While it may be the case that the impact of HFT on market functioning is generally benign,
HFT does require ongoing monitoring to ensure this remains so. The monitoring currently is
done by the prime brokers and the trading platforms. There is a concern that PB monitoring
may beSQi nadequate if the risk inherent in the services they are providing is not appropriately
priced.

In addition to this pricing issue, itis not clear whether the operational ability of the prime
brokers to monitor positions is able to keep pace with the speed of HFT. The degree to which
this is a problem depends on the speed with which HFT can accumulate an open position
before it is detected by the prime broker. The new industry initiatives to help improve PBs’
monitoring and management of their clients across trading platforms are a step in the right
direction, although it is too early to determine their impact.

Finally, an interesting question to ask, but not addressed here, is whether HFT is a socially
efficient use of resources. One can ask this question of a number of fields that adopt cutting
edge technology (eg Formula One racing or America’s Cup sailing) where the social benefits

% Banks arguably have the same informational advantage when they receive orders bilaterally via the telephone.

% As noted in Section 1.4, this is an issue for prime broking more generally and is not specific to HFT.
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are not always immediately apparent. It is not clear that the quest for trading speed, in and of
itself, is socially beneficial. But perhaps the more pertinent question to ask is, instead,
whether HFT is harmful. One of the purposes of this study has been to provide a set of facts
with which one can try to answer that question.

6.4 Looking ahead

One key issue for the future of HFT in FX is how the various ongoing regulatory reform
initiatives, especially new regulations on the clearing of OTC derivatives associated with the
Dodd-Frank Act (2010), will affect the structure of the FX market. Although spot transactions,
which account for the majority of HFT in FX, are exempt from mandatory clearing in the
United States, there are still questions at the time of writing as to whether market participants
will nevertheless migrate their FX transactions, including spot trades, to venues that capture
all FX derivatives trading for ease of execution, as well as to minimise margin, capital and
collateral costs for non-spot FX transactions. Such a move could have a profound impact on
single-bank trading platforms, if these platforms are not eventually designated as a swap
execution f acility ( SEF) under D odd-Frank.** Single-bank platforms hav e been us ed
increasingly by bank s to internalise trading flows and a void H FT t rading. M ulti-bank and
inter-dealer platforms are expected to be des ignated as SEFs. The impact of thison H FT
participants depends on whether this will lead to more formal regulation of the venues they
currently f avour and/ or w hether t hese par ticipants w ill f ace s ome kind o f registration
requirement. It also remains to be seen how the real-time public reporting foreseen by the
Dodd-Frank Act will affect the behaviour of market participants.

6.5 Concluding remarks

The growth in algorithmic and hi gh-frequency trading in foreign exchange is likely to have
significant i mplications for both the structure and the functioning of the global F X market.
Policymakers will need to keep abreast of changes in this space. In some cases, this is
happening through the involvement of policymakers in the Foreign Exchange Committees in
various j urisdictions. B eyond t hat, pol icymakers s hould dev elop appr opriate ¢ ontacts and
maintain a dialogue with (i) the various foreign exchange trading platforms, (ii) the prime
brokerage service providers, and (iii) the algorithmic and high-frequency trading community
in FX in order to track developments and to identify key policy issues in a timely fashion.

“ AnSEFisa type of regulated platform on which certain types of OTC instruments (“swaps” as defined by the

legislation) will be required by Dodd-Frank to trade. The basic definition in title VII of the legislation is “a
trading s ystem or p latform i n w hich multiple participants have t he ab ility t o ex ecute or trade swaps by
accepting bids and of fers made by m ultiple participants in t he facility or system, through any meansof
interstate commerce, including any trading facility, that (a) facilitates the execution of swaps between persons;
and (b) is not a designated contract market”. Rule writing by regulators (still ongoing at the time of writing) will
provide a more exact practical definition, and will thus d etermine w hich types of existing trading p latforms
qualify as SEFs.

26 High-frequency trading in the foreign exchange market



Appendix: Empirical literature on algorithmic trading and HFT in equities

Algorithmic trading in equity markets

The larger literature on algorithmic trading in equity markets also finds an excess correlation
of algorithmic orders and a decline in volatility. However, it suggests that price discovery
increasingly t akes pl ace t hrough al gorithmic ac tivity. H endershott et al (2011) find t hat
algorithmic trading on the New York Stock Exchange has increased the information content
of or ders a s oppos ed to t rades. B rogaard (2010) and R iordan and S torkenmaier (2010)
provide similar results for the NYSE and the Deutsche Bérse, respectively. Hendershott et al
(2011) argue that since al gorithms hav e v irtually no m arginal ¢ ost i n monitoring publ ic
information and placing or updating orders, changes in the efficient price will be increasingly
revealed in algorithmic quoting activity rather than in trading activity.

HFT in equity markets
Brogaard (2010), using transaction-level data for HFT in US equity markets, finds that:

o HFT participation increases with the market capitalisation of a stock and with order
book depth, consistent with anecdotal evidence that HFT firms are primarily active in
the most liquid FX pairs and crosses;

o HFT firms em ploy m arket-making a nd c ontrarian s trategies t hat bet on pr ice
reversals; however, there is no evidence of anticipatory trading;

o HFT firms provide the best bid or offer during 65% of the time for large stocks. They
consume liquidity in about as many instances as they provide liquidity; and

o HFT firms provide less order book depth than non-HFT participants and are more
strategic in liquidity provision.

Regarding total order book depth, findings are inconclusive. Hasbrouck and Saar (2011) find
that HFT on the Nasdaq increased order book depth, but Hendershott et al (2011) show that
algorithmic trading on t he N SYE m arginally r educed dept h. H asbrouck and S aar (2011)
further highlight that intense high-frequency order submission activity is often abrupt: it will
suddenly appear, last for a few seconds, and then quickly disappear. They find that, despite
the high number of submissions and cancellations of orders during these episodes, trading
activity remains unaffected.

Both Brogaard (2010) and H asbrouck and S aar (2011) al so investigate stressful episodes
during the financial crisis and find that the positive impact on market quality generally
persists. Brogaard (2010) shows that liquidity provision by HFT firms is negatively related to
volatility, but that the effect is economically small. Even on the most volatile days, HFT firms
did not stop providing liquidity. However, their consumption of liquidity increased, pos sibly
due to arbitrage opportunities or in order to unload positions in their market-maker function.
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Glossary

Aggregator

Trading platform which aggregates prices from multiple sources into one
place. It is used by banks, high-frequency proprietary traders and buy-
side desks seeking minimal market impact.

Algorithm

A set of instructions for carrying out a procedure or solving a problem in
a finite number of steps.

Algorithmic
trading

The us e o f c omputers and adv anced m athematical m odels to m ake
decisions about the timing, price and quantity of a market order. It is
widely us ed by banks, hedge funds, mutual funds and pens ion funds.
Large t rades a re b roken dow n i nto s maller o nest o reduce market
impact and risk. Trades can be m ade without human intervention using
information received electronically.

Application
programming
interface (API)

A set of rules and s pecifications which s oftware programmes follow to
communicate with eac h ot her; an i nterface be tween d ifferent s oftware
programmes that facilitates their interaction.

Co-location

A practice made possible by exchanges or trading venues renting out
space in close physical proximity to their trading servers. Trading firms
can use this possibility to place their computers close to the exchange’s
systems t o r educe t he t ravel di stance f or t rading s ignals and t hus
latency time.

Dark pools

Anonymous trading venues w here quotes on s ecurities or FX are not
displayed publicly and trades are executed anonymously.

Electronic
communications
network (ECN)

Electronic trading system that automatically matches buy and sell orders
at specified prices.

Financial
Information
Exchange (FIX)
protocol

An open, public-domain specification developed specifically for the real-
time el ectronic ex change o f financialt ransactions; am essaging
standard for the automated trading of financial instruments.

Front-running

The (illegal) p ractice o f us ing i nsider i nformation t o trade ahead of
customer orders. In the context of HFT, however, this term is often used
torefer to HFT firms using their mathematical m odels to detect order
flow in order to identify small profit opportunities and using their speed
advantage tot rade be fore s lower par ticipants can ac t, al though not
necessarily using non-public information.

Millisecond

One thousandth (1/1000) of one second.

Latency

The delay between the transmission of information from a s ource and
the reception of the information at a destination. One specific example is
the t ime t hat el apses betweent he pl acement of an or der on an
electronic t rading system and t he execution o ft hat o rder. C an be
affected by factors such as geographical distance or bandwidth
congestion.

Order book

A list recording the interest of buyers and sellers (bids and offers) in a
particular instrument. By observing the order book, one can determine
whether the number of bids out weighs the number of o ffers and us e
such data to inform one’s trading strategy.
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Glossary (continued)

Order imbalance

A situation resulting from an excess of buy or sell orders for a specific
security in a t rading venue, making it impossible to match the buyers’
and sellers’ orders.

Prime brokerage

A service or practice that enables a bank’s customer to conduct foreign
exchange transactions in the name of the bank (the prime broker). The
prime broker sets up an arrangement that permits the customer to trade
directly with deal ers in the name ofthe prime broker. These deal ers
recognise the prime broker (notthe c ustomer) as the counterparty in
these trades.

Quote stuffing

The practice of sending multiple orders in a short period of time with no
real intention to transact. Orders are typically cancelled by the originator
almost immediately. This tactic can be applied in the defensive mode to
mask the originator’'s own trades or to slow down its competitors. It can
also be applied in an offensive mode to fake an interest to trade, just to
lure others into a deal, thereby exposing their market positioning and
scanning the status of the order book.

Single-bank
(proprietary
trading) platform

A pl atform dev eloped by a bank internally bot h for in-house us e and
sometimes for the use of other banks and non -bank clients on a “ white
label” or prime brokerage basis. These platforms differ from multi-bank
dealing systems in that the primary liquidity provider is a single bank.

Smart order A service that hel ps traders s eek out where prices are best across a

routing range o f c ompeting ex changes, pl atforms and dark pool s, and r oute
their or ders ac cordingly for execution. A ggregators u se s mart or der
routing.

Top of book The best bid and ask prices at any given moment.
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