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High-frequency trading: risks and benefits

1 Introduction 
Nowadays a substantial part of trading 
activity in equity, derivative and currency 
markets is due to algorithmic high-fre-
quency trading (HFT). The role and effect 
of HFT on financial markets is contro-
versially discussed and in the center of 
attention of market operators, regulators, 
and market participants. This article 
briefly introduces to the concepts of HFT, 
reviews its developments through the last 
decade and summarizes the current state 
of discussion. It moreover gives an over-
view of current empirical evidence on 
the effects of HFT and provides an out-
look on its future in light of upcoming 
regulation.

HFT is characterized as automated 
trading that employs (i) algorithms for 
order execution and automatic order 
routing, i.e., the distribution of (large) 
orders through time and across different 
market places, (ii) low-latency technol-
ogy and co-location services, and (iii) 
high message rates. HFT is typically car-
ried out by proprietary firms, hedge funds 
or broker-dealer proprietary desks. High-
frequency traders (HFTs) use short hold-
ing periods and do no take significant 
over-night positions. They neither take 
highly leveraged positions, but face rather 
low margins per trade, while making 
profits by executing many (small) trades 
through a day. Accordingly, they typically 
focus on highly liquid assets.

A central aspect of HFT is to exploit 
speed advantage. A central requirement 
is that the server of the HFT firm is 
 co-located, i.e., it is placed in near dis-
tance to the server of the exchange. 
 Exchanges offer this as a paid service, 
and promise certain latencies. Likewise, 
HFTs pay for high-speed connections 
between different market places. While 
fiber-optic cable connections have been 
used in the early days of HFT (around 
2005), microwave connections and laser 

links are the current state of the art and 
push the latency, i.e., the time it takes for 
a signal to travel from point A to point 
B, close to natural limits  induced by the 
speed of light.

HFTs perform various kinds of strat-
egies where speed advantages, low reac-
tion times and the ability to post (and 
cancel) a large amount of orders within 
very short time periods, are beneficial. 
One major strategy is market making, 
i.e., providing liquidity on both sides of 
the market. Accordingly, HFTs post limit 
orders on the best ask and best price level 
and earn the bid-ask spread, similarly to 
designated market makers in classical 
floor trading, see, e.g. Demsetz (1968). 
In some markets, liquidity providers addi-
tionally earn a  liquidity rebate offered by 
the exchange to reward market participants 
for providing market making service. This 
incentivizes HFTs to serve as passive liquid-
ity suppliers in possibly many transactions.

Other examples are order detection 
strategies. In many markets, posted limit 
orders are partly or entirely hidden. The 
motivation for hiding an order is to get 
protected from front-running and to 
avoid price impact, i.e., unfavorable mar-
ket movements as a reaction to a posted 
limit order, see, e.g., Cebiroglu, Hautsch 
and Horst (2014). For HFTs it is benefi-
cial to identify hidden orders placed in 
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prices in decimals instead of fractions, 
bringing down the minimum spread. In 
2005, the SEC passed the Regulation 
National Market System (Reg. NMS) 
requiring trade orders to be posted 
nationally and not on individual exchanges 
(“trade-through rule”). Simultaneously, 
in Europe, the Markets in Financial 
Instruments Directive (MiFID) intro-
duced a principles-based best execution 
regime compared to the rules based U.S. 
approach. This openend the door for 
Smart Order Routing. In 2007, new 
 market access models have been intro-
duced. Some market participants obtained 
“direct market access” without sufficient 
control mechanisms on the validity of 
orders. Finally, regulation allowed 
exchanges to introduce co-location and 
proximity services. Hence, unequal market 
access has been systematically established. 

Regulation thus established a level 
playing field for HFT. Accordingly, the 
extent of HFT rapidly increased since 
2005. In 2010, HFT accounted for 
approximately 56% by volume of the 
entire equity turnover in the U.S., see, 
Agarwal (2012). In Europe, this percent-
age amounts to approximately 38% in 
2010. Since 2009/10, the extent of HFT 
in U.S. and Europe equity trading 
declines and ranges between 40% and 
50% in 2014. Similar developments and 
quantities are observed in U.S. futures 
trading and FX trading. In Asia, the 
extent of HFT is generally lower, while 
in China HFT basically does not exist. 

In public perception, HFT is often 
associated with male-functioning algo-
rithms getting out of control as, e.g., in 
case of the Knight Capital Group on 
August 1, 2012, or with (flash) crashes, 
such as the f lash crash on May 2010, 
where leading U.S. indices dropped by 
nearly 10% within a few minutes. While 
incidences based on male-functioning 
algorithms seem to be an existing (though 
low) operational risk which typically 

mostly harms the HFT firms themselves, 
there is no convincing evidence for HFT 
causing flash crashes, see, e.g., Kirilenko 
et al. (2017). In fact, recent empirical 
research predominantly shows that HFT 
improves liquidity and market efficiency, 
thus showing a positive effect of HFT. 
Hendershott et al. (2011) find that algo-
rithmic trading enhances the informa-
tiveness of quotes. Hasbrouck & Saar 
(2013) show that increased low-latency 
activity decreases spreads, increases dis-
played depth and lowers short-term vol-
atility. Menkveld (2013) stresses the role 
of HFTs as high-frequency market mak-
ers. Brogaard et al. (2014) show that 
HFTs facilitate price efficiency. Hence, 
the criticism of HFT degrading the mar-
ket function is empirically not necessar-
ily confirmed. 

Nevertheless, some evidence supports 
more critical views. While Kirilenko et 
al. (2017) find that HFTs did not trigger 
the May 2010 flash crash, it is shown that 
HFTs are nonetheless not helpful in sta-
bilizing markets in such a situation. The 
authors find evidence for latency arbitrage 
and inventory changes of HFTs being 
positively related to contemporaneous 
price changes. Thus HFTs tend to trade 
in the direction of the market, which is 
contrary to “classical” market making. 
Budish et al. (2015) argue that the high-
frequency trading arms race is a symp-
tom of flawed market design and that 
the re-introduction of (high-frequency) 
batch auctions would be a favorable alter-
native to continuous trading.

3 Empirical evidence

Hautsch, Noé and Zhang (2017) (hence-
forth HNZ) provide evidence on the role 
of HFTs as market makers in Bund Futures 
trading at the derivatives exchange Eurex. 
HNZ exploit access to proprietary order-
level message data with member ID and 
trader ID allowing for an institutional 
HFT identification. In addition, they 

the spread as they induce lower transc-
tion costs. A common way to identify 
hidden liquidity is to post so-called imme-
diate-or-cancel (IOC) orders that are 
automatically canceled if they do not get 
executed. An obvious downside of such 
strategies is that they create substantial 
message traffic with high order-to-trade 
and cancelation ratios. For instance, on 
Nasdaq, up to 90%–95% of all posted 
limit orders are canceled shortly after 
submission and thus get never executed.  

Another important strategy is statis-
tical arbitrage. Traders try to make prof-
its by exploiting temporary inconsisten-
cies in prices between different exchanges 
or assets. Due to a high market fragmen-
tation, such strategies are particularly 
pronounced in the U.S.A. Other domi-
nant strategies are latency arbitrage, 
exploiting direct market access and the 
possibility to receive market data a few 
milliseconds earlier than other market 
participants. With such a speed advantage 
it is possible to react faster on correspond-
ing trading signals or to anticipate order 
flow that is automatically routed through 
smart order routers. 

Momentum ignition strategies involve 
posting and cancelling a large number of 
trades and orders in a particular direc-
tion in order to trigger a price movement 
and to cause other algorithms to react 
on it. HFT firms have established a posi-

tion earlier on and can benefit by lever-
aging the subsequent price movement. 
“Spoofing” is a more extreme form of it, 
where orders are posted with the intent 
to cancel them before they get filled. 
This is a manipulative strategy, which is 
illegal. A further example for an illegal 
strategy is “quote stuffing” with the aim 
to increase the message traffic, such that 
the bandwidth and thus the access of 
other market participants is slowed down. 

2 Discussion and history of HFT

The role of HFT is controversially dis-
cussed. The public discussion and media 
coverage is dominated by the view that 
HFT degrades the function of the market, 
discriminates non-HFTs, makes markets 
less stable and wastes resources by an 
unreasonable technological arms race. 
The most famous critique comes from 
Michael Lewis in his book Flash Boys 
(Lewis, 2014). According to Lewis, 
“speed traders prey on retail investors 
and rig the stock market”. Likewise, Sti-
glitz (2014) argues that HFT steals infor-
mation rents and that markets are ulti-
mately too active and too volatile. He 
asserts that there is no social value as 
HFT degrades the market function. 

Public perception, however, often 
tends to regard HFT as an isolated phe-
nomenon disconnected from general 
developments in the trading landscape. 
In fact, HFT is a consequence of techno-
logical progress and regulatory changes 
during the last decade. The starting point 
was the change from classical floor trad-
ing to electronic trading and the intro-
duction of ECNs in the 1990s. In 1998, 
the U.S. Securities and Exchange Com-
mission (SEC) passed the Regulation 
Alternative Trading Systems (so-called 
Reg. ATS) to restrict the monopoly 
enjoyed by NYSE and NASDAQ in the 
U.S.A. This was the starting point for 
an increase of market fragmentation. In 
2001, U.S. stock exchanges began quoting 
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Chart 2 gives the average profits and 
losses of HFTs and non-HFTs during the 
60 minute period around an announce-
ment under the assumption of an initial 
inventory of zero 30 minutes before the 
news release. The red curve in the left 
picture gives the average profit made by 
the entire HFT activity in periods around 
news announcements. The blue curve 
indicates the average profits and losses 
of all non-HFTs. The two pictures are 
based on a decomposition of the overall 
(average) profits into the profits from 
pure market making, i.e., earning the 
bid-ask spread (chart 2, right picture), 
and the profits by active directional trad-
ing through this period (chart 2, left 
 picture). Correspondingly, during the 
hour around a news announcement, HFTs 
in the Bund future market earn on aver-
age close to EUR 100,000. Conversely, 
non-HFTs loose up to EUR 130,000.1 
Chart 2, however, shows that basically 
all the profits made by HFTs during this 
period result from liquidity provision. 
Likewise, non-HFTs repeatedly pay the 

1 The fact that the losses of non-HFTs are higher than the gains of HFTs is due to the existence of trading fees. As 
non-HFTs tend to initiate trades much more often than HFTs, non-HFTs face significantly higher transaction costs.

spread as they predominantly act as 
liquidity demanders. Hence, these results 
seem to suggest that HFTs serve as high-
frequency market makers and just take 
over the function of designated market 
makers, standing ready to supply liquid-
ity whenever needed and earning the 
bid-ask spread. HNZ, however, show 
that this conclusion can be misleading.

Chart 3 shows HFT activity from 
9:00 a.m.to 21:00 p.m. on the day after 
Brexit (June 24, 2016). The black line is 
the proportion of all trades initiated by 
HFTs, whereas the blue curve is the cor-
responding proportion on “normal” days 
without any particular news events. We 
observe that on this day, the order aggres-
siveness of HFTs is significantly higher 
than during periods around scheduled 
news announcements. Hence, on such a 
day of high market turbulence, HFTs do 
not serve as passive market makers but 
are heavily involved in directional trad-
ing. This behavior is in stark contrast to 
the behavior of a “classical” (designated) 
market maker.

employ a statistical identification of HFT 
activity by considering trading desks with 
a given number of order submissions per 
day, low end-of-day positions and very 
short order life times. This allows for a 
quite precise identification of activity 
stemming from HFTs and non-HFTs. 
HNZ particularly focus on turbulent 
market periods during periods around 
scheduled macroeconomic news 
announcements.

Chart 1 shows the development of  
liquidity supply and liquidity demand 
participation ratios around scheduled 
news announcements creating large price 
changes. The liquidity supply and demand 
participation ratio corresponds to the 
percentage of trading volume where 
liquidity is supplied and demanded, 
respectively, by HFTs. In general up to 
60% of all liquidity supply in the market 
stems from HFTs. In contrast, less than 
25% of all trades are initiated by HFTs. 
Thus, HFTs are rather passive and tend 
to do more market making (i.e. liquidity 
provision) than aggressive trading (i.e. 
liquidity demand). The only exception 

is shortly before the news arrival. In the 
last minute before the news is released, 
HFT liquidity supply drops from roughly 
50% to less than 35%. At the same time, 
their trading strategies become more aggres-
sive and they significantly increase their 
liquidity demand. Hence, in periods 
where uncertainty becomes very high 
and the risk of a limit order becoming 
mispriced peaks, HFTs considerably 
reduce their inventory and at the same 
time increase their trading activities, pre-
sumably trying to exploit latency arbitrage.

As documented by HNZ, this is also 
reflected in the bid-ask spreads as a mea-
sure for trading costs in the market. They 
show that bid-ask spreads, where HFTs 
make the market on both sides are gen-
erally lower than bid-ask spreads origi-
nating from order submissions by nHFTs. 
Shortly before the news arrival, however, 
HFT-implied bid-ask spreads widen by 
approximately 25%. While this behavior 
is widely in line with the behavior of a 
“classical” (designated) market maker, 
such a drop in liquidity provision can 
happen very rapidly.

% %

HFT Liquidity in the Bund Futures market

Chart 1

Source: Chart reproduced from Hautsch, Noé and Zhang (2017).

Note: HFT liquidity supply participation rate (left) and demand participation rate (right) in traded contracts through 60 minute windows around scheduled macroeconomic 
announcements with extreme price movements in Eurex Bund Futures trading, 2014–2015. Averages across announcements with shaded areas indicating 95% 
confidence intervals. The solid line is the overall mean across all trading days excluding the one hour window around the release.
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Trading profits of high- frequency trades in the Bund Futures market

Chart 2

Source: Chart reproduced from Hautsch, Noé and Zhang (2017).

Note: Profits through trade positions (left) and through market making during 60 minute windows around scheduled macroeconomic announcements with extreme price 
movements in Eurex Bund Futures trading, 2014–2015. Averages across announcements with shaded areas indicating 95% confidence intervals.

Positioning profit Net spread
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response to the May 2010 flash crash, 
the SEC introduced trading pause regu-
lation preventing further flash crashes. 
In the same year, the Dodd-Frank legis-
lation restricted the so-called proprietary 
trading of banks and the SEC (Security 
Exchange Commission) issued a ban on 
“naked” (unfiltered) market access. Cur-
rent developments go into the direction 
of more monitoring, recording and 
 registration of HFT activity. Since 2015, 
the SEC forces certain HFT broker-deal-
ers to register with the Financial Indus-
try Regulatory Authority (FINRA) 
strengthening the SEC’s oversight of pro-
prietary firms. In 2015, the CFTC pro-
posed rules for a regulation of automated 
trading (Reg AT), governing certain HFT 
practices.

In Europe, MiFID II will become in 
force in 2018. MiFID will require HFT 
firms to provide details on the nature of 
algorithmic trading strategies, trading 
parameters, and risk controls. There will 
be specific obligations for trading venues 
in terms of monitoring, circuit breakers, 
capacity requirements, pre-trade and 
post-trade transparency and manual “kill 
functionality”. HFT firms will also have 
to test the conformance of their trading 
systems and algorithms. There will be 
algorithm-tagging rules in order to iden-
tify market manipulation. Finally, HFTs 
have to fulfill certain obligations if they 
want to pursue market making strategies. 

There are, however, potential regu-
latory pitfalls. First, there might be too 
much focus on monitoring, registration 
and (massive) data collection. Though it 
opens up the possibility to investigate 
potential market manipulation and to 
detect fraud, it will require substantial 
resources to process and analyze this 
massive data. Currently, it is unclear 
whether this will be efficient and effec-
tive. Second, in the MiFID II regulation, 
it is unclear how to implement all the 

planned details on risk control and the 
testing of algorithms. Third and most 
importantly, current regulation plans are 
too rigid for market making. Empirical 
evidence, as discussed above, demon-
strates that HFT market making is ben-
eficial for market quality and other mar-
ket participants. Regulation thus should 
try to strengthen these strategies and 
thus to preserve the benefits from HFT 
while simultaneously mitigating risks. 
Hence, a negative scenario could be that 
of a too rigid and misguided regulation, 
which will reduce HFT, but will also 
reduce market quality in terms of lower 
liquidity, higher transaction costs and 
higher volatility. HFT and liquidity will 
flee into other – potentially non-regulated 
– markets while we are confronted with 
high (maybe too high) regulation costs.

Ideally, technological innovation 
should go hand in hand with smart reg-
ulation. For instance, the idea of limiting 
latency differences is a good way to stop 
the arms race for speed and to reduce 
predatory trading and a major amount 
of harmful HFT strategies. Such an arti-
ficial delay of trading, a so-called “speed 
bump”, is the major concept of the 
exchange IEX, which has been officially 
approved by the SEC in June 2016 and 
is a growing exchange that is even partly 
supported by HFT firms themselves. 
With such a speed bump (on IEX it is 
350ms), HFT market making could be 
still a beneficial strategy, while the down-
sides of HFT, such as predatory trading 
and the arms race for millisecond speed 
advantages could be limited. In combina-
tion with a well-balanced use of “circuit 
breakers” and general safeguards, we 
could accept HFT as a “normal” integral 
part of modern trading, which would 
settle down to a moderate level and will 
predominantly concentrate on strategies 
which are favorable for market quality, 
such as liquidity provision. 

The right picture in chart 3 displays 
the profits and losses by HFTs and nHFTs. 
Hence, HFTs earned approximately EUR 
4 million on this day. As shown by HNZ, 
these profits, however, predominantly 
result from active (directional) trading 
but not from market making. Further 
evidence provided by HNZ shows that 
HFTs obviously do not replace “classical” 
designated market makers but differ in 
an important respect: HFTs (rapidly) 
change their strategy according to the 
market situation. In a situation where 
trading opportunities through latency 
arbitrage come up, they become aggres-
sive and exploit their speed advantage. 
Then, market making functionality can 
be severely limited. 

Currently, it is still very unclear what 
the effects on volatility and market sta-
bility in such extreme situations might 
be. It is still widely unknown whether 
HFT increase the risk of tail events and 
increase volatility on turbulent days, as 
the day after the Brexit. More research 
is clearly needed to gain a better under-
standing of the possibly dangerous sides 
of HFT. 

4  Future of HFT – regulatory 
perspectives

Current evidence shows that the extent 
of HFT will decline due to increasing 
costs of infrastructure, increasing com-
petition among HFTs and the introduc-
tion of alternative trading systems which 
partly rule out HFT, e.g. via dark pools, 
or so-called “speed bumps”, where mar-
ket access is artificially and randomly 
delayed, such that millisecond speed 
advantages disappear. According to esti-
mates by Kaya (2016), the overall HFT 
revenues in the U.S. decline from approx-
imately USD 7 billion in 2009 to less 
than USD 2 billion in 2014. Though the 
very glory times of HFT in 2009 seem 
to be over, it is not expected that HFT 
will disappear. As long as trading designs 
are not systematically changed, HFT will 
remain an integral part of electronic trad-
ing and should be understood as a con-
sequence of market evolution and past 
regulation. Correspondingly, the future 
of HFT will strongly depend on upcom-
ing regulation. 

In fact, currently there exists severe 
regulatory uncertainty. In the U.S., as a 

% EUR thousand

HFT liquidity demand and trading profits in the Bund Futures market after the Brexit decision

Chart 3

Source: Chart reproduced from Hautsch, Noé and Zhang (2017).

Note: Left picture: HFT participation rate in liquidity demand on June 24, 2016 (black line). The blue line presents the average across normal trading days. Right picture: 
Total profits and losses by HFTs and non-HFTs on June 24, 2016 in Eurex Bund Futures trading.
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