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Foreign exchange spot is the simplest
asset class one can trade, yet it has the
most complex trading environment.

Quote from an executive at a major FX
liquidity provider

An overview

The foreign exchange (FX) market, where the relative price of many of the world’s currencies
is determined, is essential to international trade in goods and to international financial trans-
actions. In addition, FX is now often viewed as its own asset class. The end-users of the FX
market are therefore comprised of a wide variety of financial and non-financial customers
around the globe. The trading activity of these agents and their interaction with market in-
termediaries drives the process of exchange rate determination, with impact on virtually all
international economic activity. As a result, the FX market, by most metrics, is the largest
financial market in the world. FX trading volumes are, for example, much larger than global
equity market activity (King and Rime, 2010).

Currency trading takes place around the world and around the clock, with a weekly cycle
beginning early Monday morning in the Asia/Pacific region and ending Friday afternoon in
the Americas. Trading activity often peaks when the London and New York daytime trading
hours overlap and is relatively thin during the so-called “witching hour” period, the late
afternoon in New York and early morning in Sydney.

More than fifty currencies are regularly traded in the market, but the US dollar (USD) has
for a long time commanded the dominant status of a vehicle currency. The USD is on one
side of almost 90% of all global FX transactions, with the euro (EUR) and Japanese yen (JPY)
in distant second and third places (BIS, 2019). Similarly, while the number of sell-side par-
ticipants around the globe is very high, liquidity provision in FX has become concentrated
among a small number of global banks and a few non-bank liquidity providers. Thus, de-
spite its global and dispersed nature, certain aspects of the FX market exhibit a high degree
of concentration.

The market structure that supports this activity has become increasingly complex in re-
cent years. Broadly speaking, the FX market is an over-the-counter (OTC) market with a
large share of electronic execution. It used to be characterized as having two very distinct
segments, interdealer and dealer-to-customer. This distinction has recently become blurred,
with a proliferation of trading venues, a growing variety of execution methods, and non-
banks, including “HFTs,” emerging as liquidity providers alongside bank dealers.

This chapter focuses on the market for spot FX. The foreign exchange market also includes
a large amount of trading in derivatives, including FX swaps, currency swaps, forwards,
futures and options. FX swaps and currency swaps, important instruments primarily used
for funding and hedging purposes, are covered in Chapter Angelo.
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Market size and main players

Measuring global trading activity presents a challenge, as the global FX market is obviously
not under a single jurisdiction. However, a comprehensive and authoritative source of in-
formation, albeit infrequent, is the Triennial Central Bank Survey of Foreign Exchange and
Derivatives Market Activity (the “Triennial”). The Triennial provides a snapshot of daily
FX trading activity every three years in the month of April.1 The data for the Triennial are
collected by central banks from bank-dealers in their jurisdictions, and are then aggregated,
analyzed and published by the Bank for International Settlements (BIS). More frequent es-
timates can be obtained by using data from foreign exchange committees (FXCs), industry
groups sponsored by central banks in various countries, of which some conduct surveys of
FX trading in their jurisdictions every six months.

Daily trading volumes and the geography of trading

Following a period of steady growth, spot FX average daily trading volume peaked around
2014/15, and has been mostly stagnant since (see Figure 1). According to the latest Trien-
nial, daily trading volume in the global spot FX market averaged $1.99 trillion in April 2019.
Benchmarking the Triennial spot volume to the evolution of semiannual FXC surveys sug-
gests that daily trading volume had changed little by April 2021, at $2.05 trillion.2 Illustrating
the role of the US dollar as a vehicle currency, the top three most traded exchange rates were
EURUSD, with 25% of the trading volume, followed by USDJPY with 13% and GBPUSD
with 10%.3

Figure 1 shows that trading in spot FX is concentrated in a few large financial centers.
London alone accounted for 43% in 2019, while the combined share of the top four trading
centres, which also include New York, Singapore and Hong Kong, amounted to 75% of global
spot FX turnover (BIS, 2019). These major FX trading hubs are not necessarily in countries
that dominate global international trade, because FX trading for financial motives, such as
investments in foreign-denominated securities, far exceeds the transaction volume for the
purposes of conducing international trade. In fact, greater financialisation of a currency,
in terms of factors such as the customer base and amount of trading taking place in major
financial centres, appears to be a common feature as currency markets deepen (Schrimpf and
Sushko, 2019b).

1As of the writing of this chapter, the last Triennial was in 2019.
2Average daily trading volume across all FX instruments was $6.6 trillion in April 2019. Benchmarking

the Triennial total volume to the semiannual FXC surveys suggests a daily total of $7.07 trillion in April 2021.
In addition, exchange-traded FX futures add another $0.129 trillion and exchange-traded FX options another
$0.014 trillion to the total measure of global daily FX trading volumes in April 2021.

3Each currency is assigned a three-letter code (the “ISO 4217” code). Traded exchange rates are then rep-
resented by a currency pair, where the first currency listed is the base currency. For instance, EURUSD, “euro-
dollar,” is quoted in dollars per euro, while USDJPY, “dollar-yen,” is quoted in yens per dollar.
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Figure 1: FX spot trading volumes, in $ billions
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to the inclusion of China Foreign Exchange Trade System (CFETS) turnover in April 2015 and the
Hong Kong Treasury Markets Association survey in April 2017. The benchmarking is done using
the proportional Denton technique, allowing to assess the evolution of FX trading volumes between
Triennial surveys.
Sources: Bloomberg; BIS Triennial Central Bank Survey; authors’ calculations.

Main types of counterparties and their influence on exchange rates

One can classify the possible counterparties to FX trades into three broad categories: bank
dealers, “other” financial customers and non-financial customers. Financial customers span
the vast population of financial institutions, including smaller banks which are not FX deal-
ers, institutional investors, asset managers, hedge funds, commodity trading advisors (CTAs),
and central banks. Since the early 2000s, principal trading firms (PTFs), often called high-
frequency traders (HFTs), have also joined the ranks of financial counterparties in the FX
market, as discussed later in this chapter. Non-financial customers, primarily corporations,
use the FX market to support their core business activities, especially international trade.

Figure 2 shows the evolution of the share of trading volume broken by these three broad
counterparty types. Over the past twenty years, the share of non-financial customers in
global FX trading has declined from about 20% to less than 10% at present. In contrast, the
share of financial customers, which used to be close to that of non-financial customers, has
grown to more than 60%. Thus, reflecting the globalization of financial markets over that
period, FX trading has become increasingly dominated by the needs of financial customers
as opposed to the needs arising directly from international trade. At the same time, there
has been a substantial decline in the share of interdealer trading, which used to dominate
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Figure 2: FX spot trading % shares by counterparty sector
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tions.

the FX market. This likely reflects a number of factors, including the reduction in interdealer
trading of inventory imbalances and the rise of non-bank liquidity providers. These factors
are discussed in the next section.

The impact on exchange rates of the trading activity of various types of FX market par-
ticipants has long been studied by both market practitioners and the academic literature.4

The literature generally concludes that financial customers clearly bring information to the
market, in the sense that their buying (of base currency) often predicts positive FX returns
at short horizons (Menkhoff, Sarno, Schmeling, and Schrimpf, 2016; Ranaldo and Somogyi,
2021).

Trading by non-financial customers is often conducted in support of other economic ac-
tivity, without a view on near-term exchange rate changes, and their buying and selling of
currency does not predict future returns. If anything, currency trades by non-financial cus-
tomers often run in the opposite direction to that of financial customers (Bjønnes, Rime, and
Solheim, 2005; Ranaldo and Somogyi, 2021). This pattern led Sager and Taylor (2006) to coin
financial and non-financial customers as “push” and “pull” customers, respectively.

Dealers know that not all customers are equally informed, and they “profile” the cus-
tomers in order to benefit from the information content of their trades. Bjønnes, Osler, and
Rime (2021) find that large banks, particularly those that have a large customer base of fi-
nancial customers, are better informed about FX developments than smaller banks. It is also

4Lyons (2001) cites market participants referring to customers as the “crack cocaine” of the market, a choice
of words that would now likely be viewed as unfortunate. Ito, Lyons, and Melvin (1998) use a natural experi-
ment to conclude that FX market aggregates private and not necessarily public information.
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recognised that dealers bring their own independent information to the market (Moore and
Payne, 2011). But the influence of certain market participants on the FX market goes be-
yond the information (in the traditional sense) that they bring to the market. In particular,
recent literature has discussed how the risk-bearing capacity or willingness of certain mar-
ket participants, including that of the largest bank-dealers, can have an impact on not only
the volatility of exchange rates, but also on their levels, at least at short to medium horizons
(Gabaix and Maggiori, 2015).

The trading environment

The market structure, old and new

The structure of the spot foreign exchange market has become more complex over the past
two decades, and it is useful to consider the old structure before describing the current one.
Figure 3 illustrages the old and new market structure. The upper panel, Figure 3a, depicts a
stylized view of the market structure of the 1980s and 1990s. FX trading at that time was often
described as having a simple two-tier structure (see, e.g., Sager and Taylor, 2006). Customers,
such as corporations, asset managers and hedge funds, traded directly with dealer-banks,
often by telephone or telex. This constituted the “outer tier.” Dealers, as a group, provided
liquidity and warehoused risk for the rest of the market. Trading among dealers constituted
the “inner tier.” Interdealer trading could take either a direct (bilateral) form or an indirect
(brokered) form, using either voice brokers (VB) or, beginning in the early 1990s, electronic
brokers (EB).

Interdealer trading accounted for about two-thirds of all FX spot trading at the time, be-
cause a single customer trade could trigger a cascade of hedging trades among dealers. The
repeated passing of inventory imbalances between dealers was dubbed “hot potato trading”
(Lyons, 1996). The advent of electronic brokers made that process more centralized and ef-
ficient. The two central limit order books (CLOBs) in the interdealer market, operated by
Reuters/Refinitiv and EBS, became the main source for price discovery and reference prices
for the FX spot market, and therefore began to be referred to as the “primary market.”

In contrast, trading in the dealer-to-customer market segment was bilateral and more
opaque. A trade could occur between a dealer and a customers without others being aware
of it. Evans (2002) documented that in a bilateral OTC trading environment (albeit from
the interdealer segment) there could be a large dispersion of transaction prices. Dealers got
compensation from customers in the form of bid-ask spreads and in the form of their unique
knowledge of the trades of their own customers, knowledge which they could then use in
trading with others.

The lower panel, Figure 3b, provides a stylized view of the current market structure,
which is obviously more complex. The remains of the old structure can be seen, with dealers
operating in the inner tier and clients populating the outer tier. However, dealers have been
joined in the inner tear by non-banks (PFTs) who now routinely trade on the electronic bro-
kers (EB) which had previously been limited to banks. The PTFs gain access to this market
through prime-brokerage (PB) arrangements with some of the dealer banks. Some PTFs have
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Figure 3: Pre- and Post-2000s structure of FX markets
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recently started to also provide liquidity directly to customers, bridging the line between the
inner- and the outer-tier. In the new outer tier, customers now trade via a variety of elec-
tronic means, with electronic execution accounting for more than 75% of dealer to customer
trading (BIS, 2019). The electronic trading channels, depicted in Figure 3b, include banks’
proprietary single-dealer platforms (SDPs) and multi-dealer platforms (MDPs) that connect
customers to several bank and non-bank liquidity providers.

Increasingly fragmented dealer-customer trading

New technology facilitates the introduction of new trading platforms. Sinclair (2018) counted
more than 75 spot FX trading venues, and an update of the list in 2021 yielded more than
90.5

Table 1: Select single-dealer platforms

Trading Customer e-trading
protocol(s) market share

JPMorgan FX ESP, RFQ, RFS 12%
Deutsche Bank AutobahnFX ESP 8%
UBS FX/Neo RFS 8%
Goldman Sachs GSFX ESP, RFS 4%
Citi FX ESP. RFQ, RFS 4%
State Street eFX RFS 4%

Notes: The table lists single-dealer platforms (SDPs) that appeared in the top 10 based on spot e-
trading market share in the 2020 Euromoney survey rankings (Euromoney, 2020). Trading protocol
based on MarketFactory classifications: RFQ = request-for-quote, RFS = request-for-stream, ESP =
executable streaming prices.

The direct dealer-customer trading has largely taken an electronic form with the advent
of SDPs (see Table 1 for examples). SDPs offer a variety of execution protocols that include
several forms of price streaming and request-for-quote (RFQ) protocols. Probably an even
more important innovation are the electronic MDPs for indirect dealer-customer trading.
MDPs are organised as electronic communication networks (ECNs) and enable customers to
connect with a variety of liquidity providers that includes both traditional bank-dealers and
PTFs. Some ECNs also facilitate direct e-trading with customers via dedicated price streams.
Under this configuration, the ECN lends its platform technology to what essentially amounts
to direct electronic trading. A dedicated price stream is tailored for a specific customer (or a
set of customers) based on their trading needs and based on the liquidity provider’s assess-
ment of the aspects of the customer’s trading footprint, such as expected market impact. A

5“Venues” include SDPs, MDPs, dark pools, and non-bank liquidity providers. Each may offer multiple
types of execution protocols for customers. See https://www.marketfactory.com/venues/ for an up-to-date
list.
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liquidity provider may thus adjust the parameters such as the bid-ask spread or the volume
being priced. 6 Finally, with all these different platforms and execution methods, so-called
liquidity aggregators (LAs) can help customers gain access to the various platforms in a cen-
tralized manner.

The segment with the fastest growth in recent years has been that of MDPs, several of
which (not an exhaustive list) are shown in Table 2. Not only is there a large number of
MDPs, but they also offer the same variety of execution protocols as SDPs, plus several forms
of limit order books as well as dark pools.

Table 2: Select electronic brokers and multi-dealer platforms

Degree of anonymity Last-

Full Semi None look Trading protocol(s)

EBS Market X CLOB (“primary venue”)
Refinitiv (Reuters) Matching X CLOB (“primary venue”)
LMAX Interbank X CLOB (interbank)
LMAX Exchange X CLOB (non-bank)
ParFX X CLOB (orders)
Euronext FX (Fastmatch) X X CLOB
Cboe FX (Hotspot) X X X CLOB, RFS, RFQ
Currenex X X X CLOB, RFQ
EBS Direct X X ESP
FXAll X X CLOB, RFS, RFQ
FXSpotStream X X RFS, ESP
Bloomberg FXGO X X RFS, RFQ, ESP
360T GTX X X CLOB, RFQ, RFS, ESP
BGC MidFX X Dark pool

Notes: The table list select electronic trading venues out of about 55 known electronic brokers (EBs)
and multi-dealer platforms (MDPs).Trading protocol based on MarketFactory classifications: CLOB =
central limit order book, RFQ = request-for-quote, RFS = request-for-stream, ESP = executable stream-
ing prices.

As shown in the table, the heterogeneity across MDPs goes beyond the trading protocol
that they offer. Another important dimension is the degree of anonymity. Some platforms
fully disclose the name of each counterparty, while others assign numerical “tags” to coun-
terparties (classified as semi-anonymous in Table 2). The use of tags allows for a form of
liquidity partitioning, because a customer, after repeated interaction with the tag, can choose
whether or not to continue to trade with the same tag. A liquidity provider (LP) and a cus-
tomer can also agree to trade with each other via a (dedicated) price stream on an MDP that
uses tags, in effect leading to a form of direct trading taking place between two counterpar-
ties matched through a MDP.

6See (King et al., 2012) for a previous overview of SDPs and MDPs, their histories, and their main charac-
teristics.
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Many dealer-customer platforms allow the so-called “last look” trade acceptance process,
which gives an LP the option to reject a customer’s request to trade on the price that the
LP had posted on an electronic platform (last look is discussed in more detail on page 20).
Last look occurs in a world of automated high-speed trading where decisions to accept or
reject a request to trade are expected to come within milliseconds, with a 100 millisecond
response time often viewed as unusually long. Effectively, last look makes the liquidity less
firm (almost ”indicative”). This is in contrast to the primary venue CLOBs, where displayed
liquidity is firm, i.e., immediately executable.

In order to minimize search costs among the growing variety of platforms and maximise
execution quality, customers have increasingly turned to technology such as liquidity aggre-
gators (LAs) that bundle access to different trading venues or SDPs. Oomen (2017) shows
that aggregation can, in some cases, result in an increased risk of adverse selection for the LP,
which the LP can then try to manage by adjusting the trade acceptance criteria via last look.

The trend towards a greater reliance on execution methods where end users can choose
from a range of liquidity providers and various execution protocols has reinforced the need
for attention to best execution and the reliance on transaction cost analysis (TCA) by cus-
tomers (liquidity consumers). Sophisticated customers also increasingly rely on execution
algorithms to spread large orders over time and across multiple electronic venues, as dis-
cussed in Markets Committee (2020).

The shrinking interdealer market and internalisation

Trading volume on the CLOBs central to the electronic interdealer market have declined
substantially in recent years. Figure 4 shows that the share of the EBS and Refinitiv/Reuters
CLOBs among all the different electronic execution methods reported by dealers to the New
York FXC survey has declined from about 80% in early 2000’s to less than 10% today. Com-
mensurate with this, electronic spot trading in interdealer markets has declined in both rel-
ative and absolute terms. By 2019 interdealer trading accounted for less than a third of the
total electronic spot market, 10 percentage points lower than in 2016 (BIS, 2019).

An important factor driving the drop in trading activity in the primary market has been
the increase in “internalisation” by large dealers. Internalisation is the process of temporarily
warehousing the position (and, hence, the risk) arising from a client’s transaction until it
is offset against opposing client flow, rather than immediately offloading the risk via the
interdealer market.

The ability of a dealer to internalise customer flow depends on a number of factors, in-
cluding the currency pair being traded, the size of the dealer in that market, whether the
customer trade electronically or not, and the technological sophistication of the dealer. Less
correlated customer flow is easier to internalize. Hence the trades by less informed and less
aggressive customers are associated with higher internalisation rates compared to those of
informed and more aggressive ones. Generally, internalisation ratios tend to fall in times of
financial turbulence, when the customer order flow is unbalanced, and these ratios tend to
be highest in calmer market conditions.

According to King et al. (2012) fewer than 25% of trades were internalised in 2007. By
2016 the largest FX dealers were matching 60-80% or more of customer trades on their own
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Figure 4: Electronic trading by execution methods, % shares
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books (Moore, Schrimpf, and Sushko, 2016).
Butz and Oomen (2018), likely the first academic paper on the subject, describe how a

dealer may hold open positions for a short time and work with “quote skew,” the process
of adjusting bid and ask quotes in a specific direction to influence the arrival rate of new
customer orders. Butz and Oomen (2018) estimate that, for EURUSD, an average holding
period before a position is offset (the “internalisation horizon”) is just over a minute.7

As mentioned above, internalisation has had a substantial impact on the interdealer mar-
ket. At the firm level, internalisation can enhance the profit margins of dealers or allow
them to reduce bid/ask spreads on their SDPs, potentially boosting their market share. The
customers of these dealers can also benefit from the reduced market impact and signalling
of their transactions. On a systemic level, however, internalisation has likely contributed to
further concentration of the industry, because the largest dealers can internalise most effi-
ciently, thus offering even better price and execution to customers and attracting customer
flow away from smaller dealers. It has also clearly contributed to a reduction in trading
volume on the CLOBs at the core of the interdealer market, thus reducing the amount of
“visible” trading in primary markets.

7This number is based on “spreading” the volume of electronic customer-trades from the 2016-Triennial
evenly over the entire day, so it likely masks substantial intraday variation.
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Algorithmic trading

Bank and non-bank algos

As in other major financial markets, the past two decades have seen a substantial increase
in the share of algorithmic (computer-driven) trading in the foreign exchange market. The
increase has come both from banks, the traditional “broker-dealers,” and non-banks, namely
PTFs engaged in low-latency strategies. Also similar to other financial markets, the expan-
sion of algorithmic trading occurred first on CLOBs, including on EBS and Reuters/Refinitiv
Matching, and it remains more prevalent there. Because of the role that these platforms play
in the market, algorithmic trading has had an important impact on price discovery in FX
(Chaboud, Chiquoine, Hjalmarsson, and Vega, 2014).

There is often a distinction between the algorithmic strategies used by banks and those
used by non-banks in the FX market. PTFs, as a group, use a variety of strategies, ranging
from standard market-making, thus providing liquidity, to latency arbitrage strategies that
consume liquidity. Some banks also use some of these strategies, but, in addition, most banks
also routinely deploy a variety of execution algorithms. Increasingly, execution algorithms
are also being offered to, and are being adopted by banks’ customers. The first generation
of execution algorithms, which came into use more than a decade ego, automate the pro-
cess of splitting a large order (e.g., USD 100 million) into multiple smaller orders (e.g., 100
transactions of USD 1 million) and executing them over a period of time with the goal of
minimizing price impact. Known as time-weighted average price (TWAP) algorithms, they
may incorporate additional features, such as randomisation in execution timing. Historical
volume-weighted average price (VWAP) is another basic type of execution algorithms. By
now, however, execution algorithms have advanced by one or two generations in their level
of sophistication, (Markets Committee, 2020).

As an illustration of the growth of algorithmic trading on one of the primary CLOBs at the
core of the FX market, Figure 5 shows how the share of algorithmic trading on the EBS Mar-
ket platform has evolved since 2004. At the beginning of the sample, only banks are allowed
on the platform and all trading is done manually, that is by entering trading instructions on
the keyboard of an EBS terminal. A few banks begin to trade algorithmically in 2004, and
PTFs (non-bank algos) appear in 2005, when they are first allowed on the platform through
prime broking arrangements with some of the banks already trading on EBS (Chaboud et al.,
2014). By 2021, algorithmic trading dominates: bank algos and non-bank algos each account
for a bit more than 40% of trading volume and the share of manual trading has fallen to less
that 15%.8 .

8The evolution over time of each of the volume shares has some notable features. For instance, manual
trading drops further in early 2020 as the COVID pandemic begins, bank algo rises beginning in late 2014,
likely due in part to the switch to algorithmic execution around the fixings by a number of banks after the
fixing scandal (Financial Stability Board, 2015), and non-bank algo peaks in 2011 after EBS reduces its tick size
(Chaboud, Dao, and Vega, 2021b).
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Figure 5: Manual vs algorithmic execution on EBS Market
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Sources: EBS.

Liquidity demand and liquidity supply by PTFs

PTFs employ a wide variety of algorithmic strategies in the FX market, with some providing
liquidity to the market and some extracting liquidity from the market. Some PTF firms spe-
cialize in one type of strategy, but some of the largest PTF firms in the FX market are known
to deploy both types of strategies.

It is mostly the liquidity-consuming algorithmic strategies that were initially discussed
in the financial press under the label of high-frequency trading (HFT). While this trading
activity can help the market incorporate new information more quickly, keeping the market
“efficient,” some of the liquidity-consuming strategies used by PTFs are often viewed as
overly aggressive by slower traders, both manual traders and algorithmic traders using less
advanced technology. As is the case in other electronic markets, latency arbitrage strategies,
which seek to exploit the small time lag between when market-moving trades take place
and when market-makers update their quotes, are at the top of the list of strategies widely
viewed as “toxic.”

In an attempt to protect their clients from such strategies, several trading venues in the
FX market have introduced various types of “speed bumps,” in some cases well before these
became widely considered in other financial markets. ParFX, a platform launched in April
2013 by a group of large dealer banks, began immediately to apply randomised pauses (20-80
milliseconds at the onset) to all trading instructions before processing them. EBS Market fol-
lowed suit by introducing later in 2013 a “latency floor” of a few milliseconds, short periods
during which all trading messages are batched and then randomized before being sent to the
order book. In 2014, Reuters Matching, the other primary market CLOB, introduced its own
version of a speed bump, which was viewed as an evolution of the mechanism introduced
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by EBS.9

PTFs also employ a variety of liquidity supplying strategies, in some cases even more
so in recent years. Providing evidence of liquidity provision by PTFs in the electronic inter-
dealer market, Schmidt (2012) shows that, as early as 2011, limit orders from PTFs were at
the top of the EBS order book a majority of the time, both on the bid side and the offer side,
therefore contributing to smaller bid-ask spreads.10

The above-mentioned activity by PTFs, both liquidity demand and liquidity supply, con-
cerns anonymous trading on CLOBs. However, in addition to their activity on the primary
market CLOBs, some PTFs have in recent years built a business model of liquidity provi-
sion to customers (in the “outer tier”). Similar to banks, PTFs engage in direct and indirect
disclosed trading with customers. The direct disclosed liquidity provision takes the form of
dedicated price streams to a group of specific customers. Since, unlike banks, PTFs do not
have their own proprietary platforms, they often rely on an MDP to provide a platform via
which a specific customer to connect can the PTF’s dedicate price stream. Under such ar-
rangements, not only does the customer, such as a smaller bank or an asset manager, know it
is trading with a PTF, but it also counts on the same firm for its FX liquidity needs in the fu-
ture as a repeated customer. By contrast, the indirect disclosed liquidity provision via MDPs
takes the form of prices being streamed as a “maker” to pools of “takers,” without targeting
any specific customer.

Table 3: Select non-bank liquidity providers

Trading Customer e-trading
protocol(s) market share

XTX Markets ESP, RFQ 12%
Jump Trading ESP 8%
HC Technologies ESP 5%
Citadel Securities ESP 5%

Notes: The table lists non-bank liquidity providers (PTFs) that appeared in the top 10 based on e-
trading market share in the 2020 Euromoney survey rankings (Euromoney, 2020). Trading protocol
based on MarketFactory classifications: RFQ = request-for-quote, ESP = executable streaming prices.

Table 3 lists the PTFs that appeared in the top 10 list of electronic spot liquidity providers
based on the 2020 Euromoney survey rankings (there are at least ten other similar firms en-
gaged in disclosed liquidity provision). As the table shows, PTFs offer fewer ways to execute
trades compared to SDPs or MDP. The predominant trading protocol is price streaming, but
some PTFs have also introduced RFQ into the suit. PTFs as disclosed liquidity providers to

9In particular, the Reuters mechanism processes order cancellation messages before other types of messages
when releasing each batch to the CLOB. EBS has now also adopted that feature, which provides additional
protection against aggressive latency arbitrage strategies.

10Indirectly reflecting the delicate balance of liquidity supply and liquidity demand among low-latency
traders in the primary FX market, EBS only makes available its fastest data feed to firms which conduct at least
40% of their trades as a liquidity supplier (“maker”) and not as a liquidity consumer (“taker”).
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customers appeared in the Euromoney rankings for the first time in 2016, but by 2020, accord-
ing to the rankings, PTFs had established themselves as sizable players in that segment of the
market, accounting for almost a third of the dealer-customer electronic spot market activity.

PTFs have thus deeply penetrated the realm that previously was exclusive to bank deal-
ers, both in the inter-dealer market and in the dealer-customer markets. Somewhat paradoxi-
cally, PTFs can only do this with the help of the bank dealers they are displacing because they
gain access to the various parts of the FX market via prime-brokers (PBs). A service offered
by top dealers, prime-brokerage enables PTFs (and other PB customers) to conduct trades
using the PB’s credit line, with the PTF paying a fee dependent on the trading volume.11

The role of the official sector

Regulation and good practice

Across the world, the level of regulatory oversight of the foreign exchange market varies
greatly from country to country, depending importantly on the exchange rate regime and
the restrictions on cross-border capital movements in place for a particular country.12. The
regulatory authority can reside with the central bank, the ministry of finance, or another
government agency. In the case of major floating exchange rates (often called the G-10 ex-
change rates), regulatory constraints are generally viewed as light compared to equity and
bond markets, although they vary from country to country. This is likely due in part to the
fact that an FX transaction does not involve the exchange of a security and that, by nature,
the currencies of two different countries are involved in each FX transaction.

Even when they do not have formal regulatory authority over the FX market, many cen-
tral banks sponsor Foreign Exchange Committees (FXCs), where a variety of market par-
ticipants meet regularly to discuss market functioning and market events, with the goal to
encourage “good practice.” In addition, the central banks of countries that host important
foreign exchange trading centers meet regularly under the auspices of the BIS to discuss the
global foreign exchange market.13 It is under that framework that a broad group of central
banks and market participants from around the world recently cooperated to develop the

11Specifically, the prime broker guarantees the payment to the counterparty to the client’s trade. The client
is granted credit to execute directly with another FX dealer in the prime broker’s name. Upon execution, the
client trade is normally “given up” to the prime broker. When the prime broker is informed and accepts the
transaction between its client and another wholesale market participant (ie the so-called executing dealer), it
is the prime broker (rather than the client) which becomes the party to the transaction. Prime brokers receive
a fee for these services, which also include consolidated settlement, clearing and reporting. The transaction
between the prime broker and the executing dealer is defined by what is called a “give-up agreement” (see
Federal Reserve Bank of New York, 2005).

12The IMF’s Annual Report on Exchange Arrangements and Exchange Restrictions is a comprehensive
source of information on that topic

13All central banks around the world also routinely monitor movements in foreign exchange. A number of
central banks also conduct highly developed FX market monitoring effort, which they consider part of their
core function in the context of foreign exchange reserve management and the implementation of exchange rate
policies, including FX interventions (Markets Committee, 2018).
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FX Global Code, a set of principles of good practice for the global FX market that was first
published in 2017.14

FX intervention and exchange rate management

The official sector, mainly central banks and finance ministries, has a critical influence on
exchange rates.15 A particularly direct way to affect exchange rates is via foreign exchange
intervention, the purchase or sale of domestic currency in the FX market with the specific
intent to influence exchange rates. Many major industrialized countries with floating ex-
change rates, including the United States, used FX intervention fairly frequently until the
mid-1990s.16 Since then, with a few notable exceptions, including Japan in the early 2000s
and Switzerland in the years since the Global Financial Crisis, FX intervention by major
industrialized countries has become rather rare. But FX intervention by developing and
newly-industrialized countries has remained frequent.

Central banks with an inflation or price stability mandate have tended to conduct “steril-
ized” FX interventions, offsetting the associated effects on the domestic monetary base with
operations in the domestic government bond market.17,18 In this context, whether or not
the central bank is acting on its own behalf or as an agent of the finance ministry is an im-
portant distinction. Operations conducted on behalf of a finance ministry can be viewed as
automatically sterilized, since only a central bank can change the monetary base. This is the
case for Japan, for instance, where the Bank of Japan conducts FX intervention operations on
behalf of the Ministry of Finance, which is in charge of exchange rate policy and holds the
country’s foreign reserves. In contrast, the recent intervention purchases of foreign currency
by Switzerland have been conducted by the Swiss National Bank (SNB) on its own behalf. In
that case, the SNB specifically decided not to sterilize the intervention operations, resulting
in a large increase in the size of its balance sheet, in essence conducting quantitative easing
via the purchase of foreign currency. Unsterilized FX intervention, which has been less com-
mon than sterilized FX intervention, is therefore at least as much monetary policy as it is
foreign exchange policy.

An increasing number of central banks, particularly in emerging markets, have con-

14The FX Global Code is maintained by the Global Foreign Exchange Committee (GFXC): http://www.
globalfx.org.

15Similar to other major financial markets, participants in FX markets are closely attuned to official macroe-
conomic data releases and central bank communications, with major exchange rates routinely reacting within
milliseconds to the surprise component of news. For instance, the exchange value of a major currency almost
always rises immediately following a monetary policy decision by its domestic central bank that is viewed are
more hawkish than expected.

16During that era, the intervention episodes that followed the 1985 Plaza Accord, an agreement among G5
countries to weaken the dollar and the 1987 Louvre Accord, a G7 agreement to stabilize dollar exchange rates,
are particularly well known.

17For instance, a central bank purchasing foreign currency with domestic currency in an FX intervention may
decide to sell an equivalent amount of government bonds into the market in order to absorb the newly-created
liquidity, thereby sterilizing the operation.

18The distinction between “sterilized” and “unsterilized” intervention may be less clear in an “ample re-
serves” monetary policy environment.
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ducted FX interventions using derivatives. This has allowed them to economise on FX re-
serves and retain foreign reserve buffers. While influencing the exchange rate level can still
be one objective, FX interventions are often conducted in order to provide hedges against FX
risks or to influence FX market liquidity and volatility. For example, this includes interven-
tions using forwards and futures by the Reserve Bank of India (Syarifuddin and Izzulhaq,
2020) and those using “futures-like” instruments by the Central Bank of Brazil (Kohlscheen
and Andrade, 2014). Bank Indonesia recently conducted a triple intervention in FX spot,
domestic-non-deliverable forward (DNDF), and the domestic government bond market to
curb the impact of the Covid-19 induced financial turmoil.19 Other examples are numer-
ous.20

There is a substantial academic literature discussing the effects of FX intervention. Given
the prevalence of sterilized intervention at the time, earlier work focused mainly on inter-
ventions by major industrialized countries (Dominguez and Frankel, 1993). But more recent
work has expanded to a study of the impact of FX intervention among a broader range of
countries (Fratzscher, Gloede, Menkhoff, Sarno, and Stöhr, 2019), including countries which
implement a “managed float” for their currencies (Frankel, 2019; Cavallino, 2019). Broadly
speaking, research has traditionally discussed three channels through which FX interven-
tion may affect exchange rates: a portfolio balance channel, when investors view domestic
and foreign assets as imperfect substitutes; a signaling channel, where FX intervention is in-
terpreted by the market as conveying information about future central bank policy; and a
coordination channel, where intervention activity affects the trading behavior of FX traders
in a way that reinforces the central bank’s activity.

There is a broad agreement that FX intervention often has a substantial immediate effect
on exchange rates (see, e.g., Fatum and Hutchison, 2003), but there is no consensus about
the medium and long-term impact of FX intervention on exchange rates. In general, research
has found that announcing an FX intervention enhances its impact, as does coordinating in-
tervention activity by several central banks. FX intervention in a direction that is consistent
with central bank policy (i.e., selling one’s currency while policy rates are declining) has a
higher probability of leaving a long-term imprint, perhaps not surprisingly. And, generally
speaking, the impact of FX intervention in currencies outside of the few major currencies
often seems to be larger and longer lasting. This is consistent with a theory that FX interven-
tions should be more effective in the presence of market imperfections, such a segmentation
or balance sheet constraints of financial intermediaries (Gabaix and Maggiori, 2015). Finally,
a number of countries have used “verbal intervention” with some success, where statements
by officials have an immediate influence on exchange rates. This is likely due in part to the
possibility that these statements could be a prelude to actual FX intervention, but is also
likely related to the coordination channel mentioned above.

19See https://www.bi.go.id/en/publikasi/ruang-media/news-release/Pages/SP_221520.aspx.
20In the early 90’s, several central banks in Latin America intervened in FX markets by issuing debt denom-

inated in foreign currency or by issuing FX-indexed certificates. Subsequently, FX futures, outright forwards,
FX swaps, currency swaps, and FX options have all been used as means of implementing FX interventions by
emerging market central banks.
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Special topics

Flash crashes and other extreme events

Similar to several other financial markets with a large share of electronic trading, the FX
market has in recent years experienced a number of flash crashes, with very sharp but often
quickly retraced exchange rate movements, accompanied by a temporary but almost com-
plete disappearance of market liquidity. The analysis of these events can provide insights
into the behavior of market participants and into the impact of specific aspects of the mar-
ket structure. Among prominent recent events, on 7 October 2016 the British pound quickly
depreciated almost 9 percent against the dollar before recovering much of its losses withing
minutes (Markets Committee, 2017), and on 3 January 2019, the Japanese yen appreciated
sharply against the dollar and a number of other currencies before quickly retracing much
of its move.

The two events share some interesting characteristics. They both occurred in the late af-
ternoon in the United States (early morning in Asia), the time of day when the FX market
typically exhibits its lowest trading volume and liquidity. And, in both cases, the linkages
between the spot and the futures market seemed to be at play: liquidity in the British pound
fell to its lowest level precisely when the British pound futures contracts at the CME expe-
rienced a trading halt in reaction to the large price movement; and, the Japanese yen event
occurred during the one hour of the day when there is no futures trading an the CME.21 But
the two flash events also have some individual peculiarities. In particular, the Japanese yen
event involved the unwinding by retail FX investors of positions in higher yielding curren-
cies such as the Turkish lira and the Australian dollar, with these two currencies depreciating
sharply against the yen.22

Finally, what is viewed as the most “extreme” event in the FX market in recent years is
generally not considered a flash crash, as it had a clearly-understood trigger. On 15 January
2015, the Swiss National Bank (SNB) removed the floor that it had imposed on the euro-
Swiss franc exchange rate (EURCHF) since 2011, a floor which had effectively prevented
the appreciation of the Swiss franc (Breedon, Chen, Ranaldo, and Vause, 2018). The SNB
had maintained that floor by routinely intervening in the FX market, purchasing euros in
an amount sufficient to keep the exchange rate at or above 1.20 Swiss francs per euro. The
removal of the floor had not been expected by market participants,23 and the Swiss franc
quickly appreciated up to 40 percent against the euro, forcing the SNB to resume interven-
tion purchases of euros about 20 minutes after its announcement. By the end of the day,
the Swiss franc had appreciated about 15 percent against the euro. The impact of the asso-
ciated volatility on leveraged FX positions led to a widespread review of risk-management

21FX futures at the CME trade 23 hours a day 5 days a week. Trading stops for one hour between 16:00 and
17:00 Chicago time. Note that 16:00 in Chicago corresponds to 17:00 ET, the time at which the value date for FX
spot trades changes from one day to the next.

22The retail FX sector in Japan is larger than in other developed countries, with a substantial number of retail
FX margin traders. When the yen appreciates suddenly, currency moves tend to be exaggerated by triggering
stop-loss orders (Tomohiro Niimi, 2016).

23Neither options nor FX liquidity indicated significant shifts in market participants’ expectations prior to
the event (Mirkov, Pozdeev, and Söderlind, 2016).
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practices in the FX industry.24

Foreign exchange benchmark rates and the “fixing scandal”

Benchmark exchange rates, also commonly called “fixes,” are calculated and published nu-
merous times a day. They are widely used for a number of purposes, including valuing
portfolios that contain foreign-currency denominated securities, constructing multi-country
indices, such as the MSCI stock indices, and even settling some derivatives transactions. The
best known and most widely used of these benchmark rates is the one calculated at 4 p.m. in
London by WMR.25 Because some important FX market participants, such as asset managers,
routinely request transactions executed at the 4 p.m WMR rates, the FX market experiences
a substantial daily spike in trading volume around that time of the day, with especially large
volumes at the end of each month. But there are other prominent daily fixes in the FX mar-
ket, including the one calculated by the ECB at 2:15 p.m. CET, and the Tokyo morning fix
calculated by various Japanese banks at 9:55 a.m. (Financial Stability Board, 2014; Ito and
Yamada, 2017).

With very few exceptions (Melvin and Prins, 2015), the role and impact of these fixes
attracted very little attention outside of the industry before 2013. This changed after accu-
sations emerged in 2013 that some traders at large banks may be manipulating benchmark
exchange rates (Vaughan, Finch, and Choudhury, 12 June 2013). In the end, the FX fixing
scandal resulted in substantial fines being imposed on dealing banks in a number of coun-
tries, and some reforms of the fixing process were implemented in 2015 after a study by the
Financial Stability Board (Financial Stability Board, 2014, 2015).26 This has also become a
topic of academic research, with analysis focusing on the initial issue (Evans, 2018; Ito and
Yamada, 2017) and on the impact of the fixing reform (Evans, O’Neill, Rime, and Saakvitne,
2018).

Last Look

“Last look” is the single practice in the foreign exchange market which has generated the
most controversy over the past few years, although it has so far received only a modest
amount of interest in the academic literature (Oomen, 2016; Cartea, Jaimungal, and Walton,
2019). As defined in the FX Global Code, last look is “a practice utilized in electronic trading
activities whereby a market participant receiving a trade request has a final opportunity to
accept or reject the request against it quoted price.” The FX Global Code then further de-
scribes last look as “a risk control mechanism used in order to verify validity and/or price.”

24For example, some prime brokers which suffered heavy losses have since focused on retaining only large-
volume clients, such as large PTFs engaged in liquidity provision, while shedding retail aggregators, smaller
hedge funds and some HFT firms. Retail margin brokers were particularly exposed to losses because retail
traders are typically offered very high leverage against small initial margin requirements. As a result, some
major FX dealing banks scaled down their business exposure to retail brokerage platforms.

25WM/Refinitiv (previously known as WM/Reuters) calculates benchmark rates every hour for a large
number of spot, forward, and NDF exchange rates.

26In particular, based on the FSB recommendation, the window of time over which the 4 p.m. WMR bench-
mark rates for major currency pairs are calculated was lengthened from 1 minute to 5 minutes.
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Last look occurs in a world of automated high-speed trading where decisions to accept or
reject a request to trade are expected to come within milliseconds, with a 100 millisecond
response time often viewed as unusually long. Importantly, there is no last look on the cen-
tral limit order books at the core of the FX market, where displayed liquidity is firm, that
is immediately executable. But last look is fairly common, although not universal, on some
other types of electronic FX platforms, such as those where multiple liquidity providers can
stream quotes or respond to request for quotes, or on some of the SDPs run by large banks.

The defenders of last look argue that it is a necessary practice because it is possible that
liquidity consumers could see a stale quote and try to trade on it, because of the multiplic-
ity of trading venues, and because there are differences in technological capabilities among
market participants. Last look, they argue, allows liquidity providers to protect themselves
against latency arbitrage by counterparties that use faster technology, and it allows providers
to post quotes on a large number of electronic platforms without the risk of having to fill si-
multaneously more requests to trade than their inventory allows. In the end, they argue, last
look results in tighter bid-ask spreads that can be accessed by a large number of clients.

But the opponents of last look argue that it allows for unfair trading practices, particularly
if the response time is slow, as liquidity providers can then choose to accept only the trades
that are most profitable based on the movement in price that occurs after the request to trade
has been received.27 In addition, opponents argue, last look only allows liquidity providers
to post tight bid-ask spreads because they expect to reject some of the requests to trade,
making the true cost of execution on a platform with last look higher than it first appears.

In the end, last look is likely to remain a subject of debate and potential research. Notably,
the existence of trading platforms with last look, and with lower posted bid-ask spreads, has
been offered as one of the factors that have contributed to the decline in importance over time
of the trading platforms where only “firm” liquidity is offered, such as EBS and Refinitiv
Matching.

Settlement risk

Transactions in the ”spot” FX market, basically by definition, settle by the exchange of one
currency against another. By convention, for the vast majority of exchange rates traded
around the world, settlement occurs two business days after the trading date, that is at
”T+2.”28 FX settlement risk is the risk of loss incurred by a counterparty when it pays out the
currency it sold but does not receive the currency it bought. FX settlement failures can arise
from counterparty default, operational problems, market liquidity constraints and other fac-
tors. Until early 2000’s, the vast majority of FX obligations were settled by means of tradi-
tional correspondent banking arrangements that are exposed entirely to settlement risk.

The bankruptcy of Bankhaus Herstatt in 1974 demonstrated how FX settlement risk can
undermine financial stability. Herstatt was a medium-sized German bank active in FX mar-
kets. At 15:30 CET on 26 June 1974, the German authorities closed the bank down. While

27The Global Foreign Exchange Committee, in a guidance paper on last look released in 2021, recommended
that last look should be applied “without delay.”

28A handful of exchange rates settle at T+1, most prominently USD-CAD.
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Herstatt had already received Deutsche marks from its counterparties, it had not yet made
the corresponding US dollar payments in New York. Herstatt’s failure to pay led banks more
generally to stop outgoing payments until they were sure their own payments due had been
received.

The consequences were systemic: the international payment system was severely affected
for a period of time, and the erosion of trust caused lending rates to spike and credit to
be curtailed. The episode led to the creation of the Basel Committee on Banking Supervi-
sion (BCBS). More consequential for the FX market, in 1996, the Group of Ten central banks
launched a comprehensive strategy to reduce FX settlement risk. A key result was the launch
of Continuous Linked Settlement (CLS) 2002. CLS is a specialized institution that settles FX
transactions at T+2 on a payment-versus-payment (PvP) basis. PvP eliminates FX settlement
risk by ensuring that a payment in a currency occurs if and only if the payment in the other
currency takes place. Several regional PvP systems, such as Hong Kong CHATS, have also
been built. The establishment of CLS and other actions led to a substantial reduction in FX
settlement risk.

Using data from CLS and the BIS Triennial Surveys, Kos and Levich (2016) estimated that
the share of FX turnover settled by means of traditional correspondent bank arrangements
declined from 85% to 13% between 1997 and 2013, while the share of CLS, which virtually
eliminates FX settlement risk reached about 50% in 2013. More recently, the pace of adoption
of PvP settlement appears to have slowed (Bech and Holden, 2019). The most likely causes
are the growth in trading volume in emerging market currencies that are not CLS-eligible
due to capital controls and the rise in internalisation, in which case the dealer is likely to
settle trades across its own books (the so-called “on-us” settlement method).

In order to tackle FX settlement risk, the BCBS developed supervisory guidance jointly
with the Committee on Payment and Settlement Systems (CPSS) in 2013 to address the need
for further action by individual banks. FX settlement risk is also a part of the GFXC’s review
and updating of the FX Global Code.29

Topics for future research

The main purpose of financial markets is to provide market participants with fair prices
(efficiency and price discovery) and trading opportunities (liquidity). The structure of the
market imposes both constraints and opportunities, and changes in the structure therefore
have the potential to affect the functioning of the market. The foreign exchange market has
gone through major changes since the early 2000s,30 and this section present a few open
questions for future research in lieu of these changes.

29Principle 35 of the Code states that market participants should reduce settlement risks as much as practi-
cable, including by settling FX transactions through services that provide PvP settlement.

30See, e.g., Osler (2009) for a survey of empirical microstructure literature in that period.
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Liquidity and liquidity provision

FX market liquidity has for a long time been a subject of active research.31 Yet, the rapid
changes and increasing complexity of the structure of the FX spot market in recent years
leave a number of interesting questions about the liquidity and the price discovery process
unanswered.

The pervasive use of last look on some venues in recent years means that the spot FX
market now has a combination of “firm liquidity” (offered in the primary market and on
the SDPs and MDPs that do not use last look) and “non-firm liquidity” (on venues with
last look). How does it affect the consumers of liquidity? LPs using last look can probably
offer tighter bid-ask spreads, but customers trying to access that liquidity may not be able to
complete the trade. Is the higher certainty of execution worth the higher price of liquidity
for consumers? And is the coexistence of firm and non-firm liquidity in this market a stable
equilibrium? Could non-firm liquidity drive out firm liquidity? Finally, if liquidity is a
priced risk-factor, reflecting the risk of illiquidity when execution is needed the most, could
last look then potentially also impact the level of exchange rates?

Another development has been the further fragmentation of the FX market. The higher
number of trading venues (e.g., SDPs, MDPs, CLOBs, dark pools) and the greater variety
of trading protocols (e.g., RFS, RFQ, algo) have certainly increased the choices that end-
customers have in accessing liquidity. But how has it affected liquidity in the market overall?
The true liquidity present in the spot market is clearly not the sum of the liquidity offered on
all the trading venues, as some LPs post price quotes across many platforms with the clear
understanding that they do not have the capacity to fill all the requests to trade simultane-
ously. The existence of last look makes the simultaneous posting of liquidity across many
venues easier, as LPs can reject requests to trade. Thus the FX market may be subject to more
“liquidity mirages,” which makes accurate liquidity measurement all the more challenging.
With bid-ask spreads across the FX market reflecting a combination of firm and non-firm
liquidity, and with market depth across all venues likely overstating the true depth of the
market, it is likely that these traditional measures of liquidity now provide a less accurate
picture. Other measures, such as estimated price impact, may therefore have become rela-
tively more useful in the current trading environment.

31Research on liquidity in the FX market has frequently been limited by data availability, often relying on
records from a single interdealer venue. Using Reuters Dealing 2000-1 data, Evans and Lyons (2002b) find that
FX liquidity is time-varying and is inversely related to the amount of public information transmitted to the
market. Mancini, Ranaldo, and Wrampelmeyer (2013) used data from the EBS CLOB to find that FX market
liquidity co-moves with other financial markets, with common effects across currency pairs. More recently, the
availability of FX trade settlement records from CLS has made offered a more comprehensive view. Hasbrouck
and Levich (2019) combined CLS data with commercial data on quotes to design more comprehensive test of
liquidity commonality, including what they call the EBS liquidity factor.

23



Information and price discovery

The study of price discovery in the FX market has long been another active research area.32

The traditional view has been that the primary venues, EBS and Refinitiv Matching, are
where the vast majority of price discovery occurs. However, the share of trading volume
occurring on the ”primary market” and in the interdealer market in general, has decreased
substantially in recent years. Are EBS Market and Refinitiv Matching still the venues where
price discovery occurs? Or, has price discovery moved, at least in part, to another segment
of the FX market?

Despite the downward trend in trading volume, some factors likely continue to work
in favor of the current primary venues. Bank dealers still have an important advantage
in that they observe a majority of the customer order flow, information that is critical for
price formation in the FX market. Hence, despite the rise in internalisation, the two primary
market CLOBs may keep their role as the locus of price discovery if this is where dealers
continue to hedge the unmatched flow from their client trades. The client flow that banks
are unable to match via internalisation may, in fact, be quite informative.

Furthermore, since liquidity in the primary venues is firm (i.e., no last look) and trading is
anonymous, the primary market CLOBs provide a crucial backstop during periods of market
stress. Hence, FX trading activity tends to revert onto these CLOBs during episodes of stress,
such as during the Covid-19 induced market volatility in March 2020, as these platforms then
provide the highest concentration of liquidity combined with pre-trade anonymity.

Implications from changes in intermediation and the role of the futures
market

The typical PTF model of liquidity provision and risk management differs significantly from
that of banks. In part because PTFs entered the FX markets with an already established
presence in equities and futures markets (including interest rates and commodity futures),
they leveraged that expertise for their FX trading business. This includes taking signals from
high-frequency correlations across assets, such as other currencies, US Treasuries and other
sovereign markets, futures, and even commodities, for their pricing and hedging models.
Thus, while banks have an advantage in bringing information to the market derived from
their FX customers’ order-flow, non-bank liquidity providers potentially represent another
source of information, related to the link of FX with fundamental in other asset classes.33

An important consequence of the PTFs’ growing role in the primary FX market (which
was illustrated in Figure 5) and of their reliance on such cross-market high-frequency correla-
tions, is that the interaction of the FX spot market and the FX futures market (on the Chicago

32Evans and Lyons (2002a) and Berger, Chaboud, Chernenko, Howorka, and Wright (2008), among many
others, documented the strong explanatory power of order flow from the interdealer market and established
this as a critical driver of price discovery. Other papers, like Ranaldo and Somogyi (2021), show that there exist
persistent information asymmetries across counterparty types, time and currency pairs. Recently, Chaboud,
Hjalmarsson, and Zikes (2021a) study price discovery on EBS in light of changes in algorithmic trading.

33On the less positive side, Weller (2018) discusses how algorithmic trading, by extracting some of the rents
that would have accumulated to informed, but slower, traders, may reduce the incentive of these traders to
acquire information, with a negative net effect on welfare.

24



Mercantile Exchange) has likely become critical to understanding the process of price discov-
ery in the global FX spot market. Comparing price discovery in FX spot and futures markets
used to be an active research area, but most studies come from the period when the FX spot
primary venues dominated futures markets.34 However, the decrease in trading volume on
the primary market CLOBs, together with the increased importance of PTFs, has led some
market participants to surmise that FX futures can, in some cases, now lead price discovery
in the FX spot market.35

The FX futures market (on the CME) possesses a number of characteristics which differ
greatly from the OTC FX spot market. Most notably, it is a full-fledged exchange, with central
clearing and margining. Furthermore, characteristics such as smaller contract sizes than the
minimum trade size on the primary market CLOBs (1 million of the base currency) may also
be significant. Another important difference between the FX spot and futures markets is
that the futures market routinely imposes a set of well-defined trading halts when market
conditions become stressed, which is not the case on the FX spot side. As mentioned in
the discussion of flash crashes in this chapter, this seems to have been an important factor
in some of the recent flash crashes in the FX spot market, as some PTFs reportedly rely on
futures prices to provide liquidity in the spot market, and therefore pull back from liquidity
provision if futures trading halts. Overall, the interaction between spot and futures in the FX
market may become again a fruitful area of research.

The future of the FX market

The structure of the FX market seems to be in a constant flux. An interesting aspect of the FX
market is that it lacks clear regulations governing the organization and practices of its trad-
ing venues. As a result, the structure of the FX market has mostly developed endogenously,
driven by market participants’ own demands and without much input from regulatory au-
thorities. This raises interesting questions about the desired characteristics of a primary mar-
ket within a fragmented market, and about how the market itself may facilitate a change
from one venue to another. The various venues in the FX market differ greatly across several
dimensions. For instance, platforms can set characteristics like minimum trade size, mini-
mum price increment, last look or not, and speed of data updates, in order to attract trading
volume. Studying how and why such a complex and fluid market may evolve, and which
characteristics may be most important in order to become the main site of price discovery,
raises important research questions for both theoreticians and empirical economists.

Another important question concerns the social costs and benefits of, and the limits to,
any further market fragmentation. For instance, while technology has enabled sophisticated
customers to navigate the fragmented market by using aggregators and execution algo-
rithms, the excessive use of such tools may incentivise dealers to rely more on practices
such as last look, possibly yielding a market place with less reliable liquidity and pricing.

Finally, although this is very speculative at this point, the emergence of new financial
technologies (blockchain, cryptocurrencies, decentralized finance) and its potential effect on

34See, e.g., Poskitt (2010), Cabrera, Wang, and Yang (2009), Rosenberg and Traub (2009), Tse, Xiang, and
Fung (2006), and Chen and Gau (2010).

35Chaboud et al. (2021b) show some evidence of this occurring as early as 2011.
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the FX market is likely to be an important topic of research over the next few years. This is
particularly the case if central bank digital currencies (CBDC) are issued by major countries
around the world, as this could affect not just the settlement of FX transactions, but also could
profoundly impact the role of the current intermediaries and lead to fundamental changes
in the structure of the foreign exchange market.
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