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Significance and impact of high-frequency
trading in the German capital market

Over the past ten years, the significance of algorithm-based trading strategies has grown consid-
erably in international marketplaces, especially in Europe. This has accordingly heightened interest
on the part of central banks and requlators in the potential implications of high-frequency trading
(HFT) on market stability and market integrity.

However, the market impact of HFT to date has been all but impossible to measure, especially
owing to the paucity of available data. In order to provide a stronger basis for a discussion based
on facts, this report presents the first comprehensive empirical studies of HFT in the German
capital market.

The results illustrate the fact that it would be inappropriate to make a sweeping judgment of the
impact of HFT on the financial markets as they depend heavily on the strategies and market
phases under observation, which are also, in some cases, quite varied. This means that, in a calm
market setting, HFT traders make a considerable contribution to liquidity. However, during periods
of high market volatility, the studies show that HFT market makers temporarily reduce their liquid-
ity provision in both Bund and DAX futures. In addition, in times of relatively highly volatile
markets, some HFT participants are particularly active and can thus contribute to trend-amplifying
price movements. The results can also stimulate the requlatory debate on HFT.

Monthly Report
October 2016
37



Deutsche Bundesbank
Monthly Report
October 2016

38

HFT accounts
for key share of
exchange
trading

Recent events
on stock
exchanges have
pushed HFT to
forefront of
public debate

B Introduction

Since the middle of the last decade, investors,
exchange operators and regulators have been
witnessing a remarkable transition in the ways
in which securities and derivative financial
instruments are traded in the financial markets.
Computer algorithms have been making in-
creasing inroads into exchange trading activ-
ities, for instance. Human decisions on which
securities to buy or sell and at what prices are
being replaced with increasing frequency by
specially designed algorithms which are cap-
able of analysing large quantities of data and
initiating hundreds of orders in a fraction of a
second. This trend has been accompanied by
growing competition among stock exchanges,
new regulatory measures (MiFID in Europe,
Reg NMS in the United States) and the appear-
ance of new marketplaces which, in particular,
favour algorithm-based trading." These various
factors, acting in concert, constitute a driver of
structural change in the financial system.

High-frequency trading (HFT), as a sub-category
of general computerised trading, is playing a
key role in this transformative process. It now
accounts for nearly 50% of trading activity in
the most highly liquid segments of the US and
European markets.2 HFT uses new techno-
logical infrastructures and algorithms in order
to profit from high trading speeds based on a
variety of different strategies. Although the use
of speed-based advantages in exchanges is not
an unprecedented approach by any means, the
advent of HFT has made speed a particularly
important factor.

At the beginning of the current decade, HFT
drew the attention of the public and regulators
owing to a series of events on stock exchanges®
which were characterised primarily by price
swings which were rapid and, in most cases,
could not be explained by the fundamentals.
Many observers saw these events as having
been triggered by the activity of HFT algo-
rithms. Recently, such “flash events” have also
been increasingly occurring in the markets for

sovereign bonds, traditionally regarded as
highly liquid and less volatile. Examples include
the US Treasury “flash rally” in October 2014
and the Bund tantrum# in early 2015.> These
extreme events triggered debates on financial
markets” ability to withstand shocks — in other
words, their resilience — and on the impact of
new market players, such as HFT.

Given that HFT accounts for a high share of
trading activity, together with the fact that
opinion on it among investors is sharply divided
and that there is a general interest in new
forms of capital market intermediation, regula-
tors and central banks have been increasingly
addressing the issue of HFT for some years
now. They are looking not only at market in-
tegrity issues but also first and foremost at the
impact HFT has on the ability of markets to
function. To the extent to which HFT impacts

1 The Markets in Financial Instruments Directive (MiFID) is
an EU directive designed to harmonise financial markets in
the single European market. Regulation (Reg) NMS (short
for “national market system”) is a US financial directive
which is intended to enable all investors to place orders at
the best nationwide rate.

2 It is very difficult to precisely quantify the HFT share of
the volume of a specific traded asset. For the US equity
markets, a study by the TABB Group for 2012 (“US Equities
Market 2012: Mid-year review"”) finds that the share is
around 50% (as early as 2005, this share had already stood
at roughly 30%). According to a more recent ESMA study
in 2014, the share of equities trading on European stock
exchanges accounted for by HFT, depending on the under-
lying definition applied, ranges from 24% to 43% of the
equity trading volume and 58% to 76% of the overall num-
ber of orders.

3 A “flash event” is a sudden occurrence of very strong and
rapid price volatility, for which a fundamental cause is often
absent and the path of which is generally reversible.
Examples include the “flash crash” of the US stock market
on 6 May 2010 and a whole series of smaller, but no less
dynamic, events in a variety of asset classes and exchanges.
They have also marked the beginning of a period of inten-
sive study of the topic by researchers and regulators since
2010.

4 The Bund tantrum, which occurred on 7 May 2015, is
seen as the peak of a period of strong price volatility in
German government bonds (Bunds) which lasted from late
April to early June 2015.

5 Central banks and regulatory authorities, in particular,
responded by publishing studies in which they examined
the history and causes of these events. See US Department
of the Treasury (2015), Joint Staff Report, the US Treasury
market on October 15th 2014; R Riordan and A Schrimpf
(2015), Volatility and evaporating liquidity during the bund
tantrum, BIS Quarterly Review, September 2015; BIS (2016),
Electronic trading in fixed income markets, Study by the
Market Committee.
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provision, price
efficiency and
price volatility

on various facets of market quality, such as li-
quidity, volatility and price efficiency, it can also
be expected to impact on financial stability.

Owing primarily to a paucity of available data,
empirical knowledge of the actual extent of
HFT activity and its impact is currently limited.
Studies on European capital markets and for
non-stock-market segments — including Ger-
many — are particularly few and far between.
Another factor which makes it difficult to come
to a definitive judgement on the impact of HFT
is that HFT is simply a portmanteau for a wide
variety of strategies. This heterogeneity makes
it a laborious endeavour to identify a unique
impact of HFT on market quality.®

With all that in mind, the present article was
written with a view to helping the reader to
obtain a deeper understanding of the import-
ance of HFT activities and their impact on the
German capital markets. One of the aims is to
address whether the rising velocity of financial
market activities is having an overall positive
impact on the capital markets.” However, the
article is chiefly about the impact of HFT on
liquidity provision during various market phases
and the role of HFT in information processing
and its contribution in periods of temporary
high volatility. Some studies look at the market
for DAX and Bund future contracts at the
micro-second level, the behaviour of HFT
traders when key macroeconomic data are
published and the role of HFT as a market
maker in various market settings. In addition,
the DAX future order book is extensively recon-
structed and evaluated and market data ana-
lysed for potentially conspicuous strategies.
One particular advantage of these studies over
previous research is that current and extensive
data from Eurex, in which each individual HFT
order is labelled, are used.
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HFT strategies and
behaviours in different
market phases

MiFID Il defines HFT as a subcategory of algo-
rithmic trading. The key characteristics of HFT
include®

— atechnical infrastructure designed to minim-
ise the time lag for order executions and

— which uses the opportunity, for a fee, to sta-
tion its trading computers in close proximity
to the exchange's servers (co-location) and/
or very high-speed electronic access for
system-determination of the initiation, gen-
eration, forwarding (“routing”) and execu-
tion of individual trades or orders without
any human intervention

— with high intraday message rates of orders,
guotes or deletions.

Overview of HFT strategies

HFT is a portmanteau term that covers a large
number of different strategies. HFT strategies
can be broken down into the following cat-
egories, depending on their objective: statis-
tical arbitrage, directional strategies and pas-
sive market making.® Moreover, there are what
are known as structural strategies which are
based on exploiting structural weaknesses in
the market infrastructure or among individual
market players. Other strategies are also the
topic of critical debate in the public sphere and
among academics.°

6 See US Department of the Treasury (2015), op cit.

7 For more information on this fundamental category, see,
for example, J Weidmann (2014), The macroeconomic
importance of capital markets, speech delivered on 22 May
2014.

8 For more information, see MiFIDII, Article 17 (1) and (2).
9 See Securities Exchange Commission (2014), Equity mar-
ket structure literature review partll: high frequency trad-
ing, Working Paper.

10 These include quote stuffing (see box on pp 55-58),
momentum ignition and strategies whose sole purpose is
to detect movements in the order book and identify liquid-
ity (eg sniping).
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... such as Statistical arbitrage is designed to exploit price
statistical inefficiencies between related products or
arbitrage ...
markets. For example, such a strategy takes
advantage of temporary price discrepancies
between highly correlated products, such as an
exchange-traded fund (ETF) and the underlying
basket of individual securities.
... directional In directional strategies, HFT traders take

strategies and
passive market
making as the
best-known
categories

Impact on
market stability
depends on type
of strategy and
market setting

unhedged positions based on anticipated price
changes and mostly trade in the direction of
the short-term price trend. One type of direc-
tional strategy is “news trading”, in which the
objective is to respond to new public informa-
tion as fast as possible in order to generate fast
profits (see the box on pages 47 to 49).

Passive HFT traders, acting as market makers,
provide liquidity and continuously update their
bid-ask spreads to reflect the market situation.
Their primary sources of income include, along-
side the bid-ask spread, fees for liquidity provi-
sion services offered by some trading platforms,
primarily in the United States.”

Some of the strategies being pursued by HFT
traders are suspected of amplifying or even
causing market turmoil, depending on the mar-
ket setting and aggressiveness of their imple-
mentation. Therefore, a closer look should be
taken not only at market integrity but also pri-
marily at the impact on stability. While the stat-
istical arbitrage is not an issue here, as it only
causes the prices of various products on one
platform or the same products on different
platforms to adjust more quickly, directional
strategies, in particular, can contribute to
stronger price movements. Whether or not
they also cause major price swings depends
not least on the liquidity provided during the
respective market phase. Therefore, the focus
of the empirical studies in the next sections
will be, in particular, on directional and passive
market making strategies.

Behaviour of HFT participants
in different market phases

The following section will study the general
trading behaviour of HFT participants and
slower traders before going into detail on spe-
cific HFT strategies. It will also study whether
the behaviour of market players differs in
periods of high and low volatility.”> On the
basis of the implied volatility index on the DAX
(VDAX), a trading week of heightened volatility
(March 2014), as well as a week of low volatil-
ity (June 2014) are identified. The underlying
Eurex data are described in the box on page 42.

For a more detailed analysis of HFT partici-
pants’ trading behaviour, orders initiated by
market participants will be divided into active
and passive orders.’ Market orders or limit
orders which are executed immediately™
(liquidity-consuming) are regarded as active
orders. By contrast, limit orders which are not
executed immediately and which transmit
liquidity to the order book (liquidity-providing)
are regarded as passive orders. In the follow-
ing, market participants which issue an active
(passive) order at a given point in time are
referred to as active (passive) HFT participants.

11 See SEC (2010), Concept release on equity market struc-
ture, Working Paper. These “maker-taker” pricing systems
have been used increasingly on electronic marketplaces
since the late 1990s, including the NYSE and the NASDAQ.
12 For details regarding the method, see K Schlepper,
High-frequency trading in the Bund futures market,
Deutsche Bundesbank Discussion Paper No 15/2016; as
well as J Breckenfelder (2013), Competition between high-
frequency traders and market quality, Working Paper.

13 For more information on this approach see, for ex-
ample, J Brogaard, T Hendershott and R Riordan (2014),
High-frequency trading and price discovery, The Review of
Financial Studies 27 (8), pp 2267-2306; or J Brogaard
(2011), High-frequency trading and volatility, Working
Paper.

14 Market orders are orders where the given number of
securities should be traded immediately at the currently
most favourable rate or as soon as possible. A market order
expresses the contractor’s preference for time over price.
Limited orders are orders to buy (sell) a security at a given
price or below (above) it. The purpose of these conditional
orders is to give traders protection against a transaction at
unfavourable conditions. A limit order thus expresses the
contracting party's preference for price over time.

Active trading
orders consume
liquidity, passive
orders provide
liquidity



In times of
heightened
market stress,
HFT participants
increasingly pur-
sue momentum
strategies ...

...and, in
addition ramp
up their trading
activity with
increased
volatility

The next step will be to study which market
players tend to, on average, go in line with
market movements (momentum strategy) or
contrary to the market (contrarian strategy).
Active traders mainly follow momentum strat-
egies in the Bund future market, whereas pas-
sive traders, on average, buck the price trend.
Consequently, passive orders dampen volatility
— irrespective of the current market setting: in
both the heightened-volatility and low-volatility
weeks, active traders follow a momentum trad-
ing strategy, while passive market makers show
contrarian trading behaviour. However, HFT
participants change from contrarian strategies
in calm market phases to momentum trading
strategies during periods of heightened market
stress.

A further analysis of the two weeks shows that
both active and passive HFT participants ramp
up their trading activity in the high-volativity
week, whereas in the calm week their trading
activity remains relatively constant across vari-
ous levels of volatility.’™ Slower traders (non-
HFT participants) do just the opposite: in the
high-volatility week, they reduce their trading
in inverse proportion to the increase in volatil-
ity. One reason for the positive relationship be-
tween volatility and active HFT participants’
trading activity could be that these traders see
more opportunities for short-term gains in
times of major price swings. Another possible
explanation is that HFT participants acting in
the direction of the market are the cause of the
higher volatility. In the absence of a specific
exogenous event or an appropriate statistical
instrument,'® it is impossible to identify an
exact causality.” In the case of passive HFT par-
ticipants, the direction of causality between
their trading activity and the volatility is likewise
unclear. It is important to note that these
traders are more likely to exercise their limit
orders in periods of volatility. It is accordingly
unclear whether passive HFT participants prefer
an environment of heightened price volatility or
whether the heightened volatility simply leads
to more orders being placed, particularly if they
are close to the best bid-ask prices. Owing to
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this endogeneity problem, at this juncture it is
possible only to establish a positive relationship
between the activity of active and passive HFT
participants and volatility, but not a specific
causal relationship.

In conclusion, active HFT participants who
trade in the direction of the price movement
predominate in the more turbulent market
phase and increase their activity as volatility
rises. This results in an increased risk of HFT
participants even amplifying excessive price
volatility in times of jittery markets.

Example of a directional
strategy — news trading

A subject of the study was “news trading”,
which means trading in response to important
news. Since this is a direct response to the an-
nouncement of news, news trading is of spe-
cific relevance to active HFT participants, whose
orders are executed immediately. Since HFT
participants can make particularly good use of
their speed advantage, news trading strategies
are widely used among them.

It is known that the publication of important
macroeconomic data plays a major role in the
markets for government bonds. Yields in Euro-
pean bond markets often respond the strong-
est just on either side of the announcement of

15 This result is largely confirmed by empirical studies in
other markets (see E Boehmer, K Fong and J Wu (2012),
International evidence on algorithmic trading, Working
Paper; A Chaboud, B Chiquoine, E Hjalmarsson and C Vega
(2014), Rise of the machines: Algorithmic trading in the for-
eign exchange market, Journal of Finance, 69 (5), pp 2045-
2084). The realised variance, which represents the sum of
the squared yields per time interval (here: 1 minute), is used
here as a measure of volatility.

16 The objective of a statistical instrument is to have max-
imum correlation with the explanatory variable but to be
uncorrelated with the dependent variable in order to avoid
endogeneity problems. In order to measure, for instance,
the impact of HFT on volatility, the instrument should be
highly correlated with HFT activity but be as uncorrelated
as possible with market volatility.

17 See, for example, E Benos and S Sagade (2012), High-
frequency trading behaviour and its impact on market
quality: evidence from the UK equity market, Bank of Eng-
land Working Paper; or J Brogaard (2011), op cit.
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Eurex datasets

The empirical studies outlined are based on
two different datasets for DAX and Bund
futures. The first dataset comprises a week
of relatively high volatility, 6-13 March 2014
(during the Crimean crisis), and a week of
relatively low volatility, 3-10 June 2014,
when the DAX reached a new all-time high
of over 10,000 points. These two volatility
phases were determined using the DAX's
implicit volatility index (VDAX). In the March
week during the Crimean crisis, the VDAX
reached a level approaching 20, with a
mean of 17.2, compared with an average
level of 14.1 in the preceding six months. In
the June week, the VDAX was at an aver-
age level of 13.4, compared with a mean
value of 16.7 over six months. The second
dataset comprises individual trading days
between July 2013 and June 2014 on which
significant macroeconomic news was pub-
lished. These are the publication dates for
the ECB Governing Council’s interest rate
decisions, ie the first Thursday of each
month in the year under review, and for US
labour market data, ie the first Friday of
each month. The latter refers to nonfarm
payroll data, meaning those newly created
jobs in the US economy each month which
have the greatest effect on yields in the
global sovereign bond markets. The data-
sets were supplemented by individual,
highly volatile trading days. Each individual
trading day includes all order book activ-
ities, ie all the relevant information on con-
ducted transactions as well as bid-ask prices
and volumes, plus modifications and order
cancellations. The timestamp of the trans-
actions and other order book activities is
given in microseconds; all activities are add-
itionally assigned a ranking position within
these microseconds. Since existing empir-
ical studies, on the other hand, are usually
based on milliseconds or a lower frequency

(eg Brogaard et al (2013), Gao and Mizrach
(2013)), this extremely high data frequency
enables particularly granular analysis.

Another key feature of the Eurex data is
that they contain an HFT (high-frequency
trading) identifier, which has the value 1 for
HFT traders and O for non-HFT (NHFT)
traders. It is based on a method developed
by Eurex and used exclusively within the
organisation. The idea of this is to investi-
gate which traders exhibit HFT-typical be-
haviour on the basis of incoming orders
placed by individual trading participants.
First, a theoretical distribution of incoming
transactions is determined on the basis of
all the observed transactions; this shows,
for example, the average number of orders
entering the trading system per day at par-
ticular intervals from each other. Finally, this
is compared with the actual distribution of
transactions by each trading participant. If
the expected values are significantly ex-
ceeded within the smallest time intervals
(at the microsecond level), the participant is
classified as an HFT trader. Therefore, the
Eurex method'’s classification principle is
based on the observed frequency of con-
secutive transactions by individual trading
participants. The participants are only classi-
fied as HFT traders if these values are con-
siderably higher than the average expected
value overall. The group of NHFT traders
therefore encompasses traditional investors
as well as those computer algorithms which
exhibit longer time intervals between orders
submitted than HFT traders do. The result-
ing individual allocation of an HFT identifier
may deviate from the HFT identifier based
on legal requirements.



Bund future
yield responds
strongly to US
labour market
data

the monthly US labour market data and
ECB Governing Council interest rate decisions.
The behaviour of HFT participants upon the
publication of these monthly Bund future mar-
ket data between July 2013 and June 2014 will
therefore be examined in greater depth
below.'® An additional advantage of this analy-
sis compared with previous studies of HFT
strategies in various market phases is that the
announcement of macroeconomic news can
be regarded as an exogenous event' and is
generally a source of high short-term volatility.
In addition, there is little empirical literature on
the behaviour of HFT participants on either side
of the announcement of data.?°

First, HFT activity seconds before and after pub-
lication of the US labour market data is exam-
ined relative to average activity on each re-
spective date.?” A more detailed statistical
analysis encompasses both US labour market
data and the ECB Governing Council’s interest
rate decisions (see the box on pages 47 to 49).
The chart on page 44 shows that post-
announcement Bund future volatility rises
sharply, on average, but already reverts to nor-
mal after just a few seconds. A clear difference
between HFT and non-HFT participants in terms
of behaviour emerges. Liquidity-consuming HFT
participants are between around 10% and
30% more active just before and after the an-
nouncement of data than the daily average. By
contrast, liquidity-consuming non-HFT partici-
pants increasingly pull out of the market, pos-
sibly because they are aware of their slower
speed in response to the news. While passive
HFT participants become more active only after
the announcement, passive non-HFT partici-
pants likewise display above-average activity
around the publication of data. However, this is
due to the fact that their limit orders can adapt
quickly enough to the information and are
ultimately executed by the more aggressive
orders issued by active HFT participants.

The next step will be to examine whether HFT
participants trade in the direction of, or con-
trary to, market movements after the an-
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nouncement of news. Surprisingly high em-
ployment gains in the United States tend to
trigger expectations of rising inflation and pol-
icy rates. Therefore, in keeping with the inter-
national comovement of interest rates, Bund
future prices will generally also fall in response
to good employment figures and rise whenever
these figures deviate negatively from the ex-
pected value.??2 The chart on page 45 shows
the order flow (net order volume, ie the num-
ber of buy orders minus the number of sell
orders) of HFT and non-HFT participants as well
as the yield on Bund futures just before and
after surprisingly positive US labour market
data.?® According to this chart, active HFT par-
ticipants trade in the direction of the market in
the second of the announcement and show
above-average trading activity. Therefore, it
stands to reason that their activity is part of the
cause of the strong initial price movement. As
sales and purchases by passive HFT participants
are balanced in this period (order flow close to
0), HFT participants are net liquidity consumers,
rather than providers, in the volatile phase
owing to the publication of data.?* The chart
on page 45 illustrates that passive non-HFT

18 During this period, US labour market data were an-
nounced on the first Friday of each month and the deci-
sions of the ECB Governing Council on the first Thursday of
each month at a previously known time.

19 See A Chaboud, B Chiquoine, E Hjalmarsson and C Vega
(2014), op cit.

20 Only one comparable study exists for the US Treasury
markets: G Jiang, | Lo and G Valente (2013), High-frequency
trading around macroeconomic news announcements: Evi-
dence from the US Treasury market, Working Paper. Further
macroeconomic data studies for other markets include
A Chaboud, B Chiquoine, E Hjalmarsson and C Vega
(2014), op cit, in the foreign exchange market and J Bro-
gaard, T Hendershott and R Riordan (2014), op cit for the
US equity market.

21 The graphic analysis incorporates only labour market
data since breaking down macroeconomic data into posi-
tive and negative surprises is more clear-cut than breaking
down interest rate decisions along the same lines.

22 In the underlying study, the median of analyst estimates
reported by Bloomberg is used as the expected value.

23 The result is less meaningful for surprise bad news, as a
result of, inter alia, outliers and a small number of observa-
tions.

24 This result runs counter to the study by J Brogaard,
T Hendershott and R Riordan (2014), op cit, for the US
equity market, according to which, in the aggregate, HFT
traders dampen volatility owing to the preponderance of
passive market makers.
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....and can
generate profits
nearly instant-
aneously

Trading activity upon release of
US labour market data’

Left-hand scale:
== Active traders’
Passive traders’

Right-hand scale:
= \/0latility?

+03 High-frequency trading 0.16
+0.2 0.12
+0.1 0.08
0 0.04
-0.1 0
Non-high-frequency trading
+0.2 0.16
+0.1 ) 0.12
0 N 0.08
-0.1 % 0.04
-0.2 0

-10-8 -6 -4 -2 0 +2 +4 +6 +8 +10
Seconds before/after publication
Sources: Eurex, Bloomberg, and Bundesbank calculations.
* Monthly publication of nonfarm payrolls. 1 Share of the trad-
ing volume in relation to the total trading volume per second.

The surplus relative to the entire trading day is shown here.
2 Surplus relative to the average of the entire trading day in %.
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participants occupy the other side of the pos-
itions of active HFT participants.

The statistical analysis (see the box on pages 47
to 49) supports the graphic results: active HFT
participants respond at the second of the pub-
lication in the direction of the surprise compon-
ent of the news. Following this initial response,
the sign of the order flow reverses itself after a
few seconds, which would suggest that the ac-
tive HFT participants have already realised their
trading gains.

The results show news trading behaviour which
is typical of HFT, and which is based on fast and
relatively aggressive trading: HFT players use
their speed advantage to buy or sell Bund
future contracts in response to the data at a
favourable price as the new information has
not yet been incorporated into the price. Once
slower market participants have also responded
to the news with a time lag and have amplified
the initial price movements with their trades,

active HFT participants then close their pos-
itions. They generate, in a very short period of
time, significant gains, in some cases, depend-
ing on the strength of the market reaction.

Passive non-HFT participants issuing orders
against the market trend following the an-
nouncement of news cannot adapt their orders
quickly enough and thus fall victim to “adverse
selection”: their orders are executed by orders
of active HFT participants at prices that are not
favourable to them. It can be empirically con-
firmed that passive non-HFT participants in-
creasingly withdraw even before the news is
announced in such market phases.

The trading behaviour of HFT participants is
statistically significant only in the first second
after the data are announced. For more de-
tailed results regarding market players’ initial
reactions, the box on pages 47 to 49 studies
the publication of macroeconomic news on the
basis of transactions (ticks). The results show
that, on the one hand, active HFT participants
contribute significantly more to price efficiency
than active non-HFT participants: their activity
causes new information to be incorporated
into prices more quickly. On the other hand,
their immediate and aggressive trading in
response to price-relevant news triggers a very
high short-term volatility, an “overshooting” of
sorts. It should be borne in mind that prices are
not made more informative by the activity of
HFT participants as such. The latter would be
the case if their trading were to create new in-
formation which would not be incorporated
into prices without their actions.?> Rather, the
contribution made by these traders to higher
price efficiency is that new information is fac-
tored into prices microseconds faster than
would have been the case in their absence.
However, the economic value of prices which

25 See also J Hirshleifer (1971), The private and social value
of information and the reward to inventive activity, The
American Economic Review, 61, pp 561-574; and T Fou-
cault (2016), Where are the risks in high frequency trad-
ing?, in Banque de France, Financial Stability Review,
No 20, April 2016.

Orders of
passive non-HFT
participants
executed by fast
HFT orders

Rapid action by
HFT participants
leads to higher
price efficiency,
but also to
increased short-
term volatility



Liquidity provi-
sion is of great
importance,
particularly in
times of stress

HFT participants
increasingly
delete orders in
periods of more
highly jittery
markets ...

... and provide
less liquidity

as volatility
increases

are more efficient by fractions of a second is
difficult for the human observer to compre-
hend.

Example of a passive strategy —
market making

A fear among regulators and market partici-
pants is that passive HFT participants provide
liquidity only in calm market phases and tend
to withdraw it in times of stress, where liquidity
is particularly needed.?¢ Such behaviour also
has implications for financial stability, as in the
case of market shocks a reduced supply of
liquidity could even intensify the shock.?’

When analysing the provision of liquidity in
Bund futures, a distinction is made between a
period of unexpected volatility triggered by a
surprise increase in traders’ risk aversion, such
as the Crimean crisis in March 2014, and a
phase of expected volatility, such as when the
US labour market data are announced.?® In
order to assess whether the liquidity increases
or decreases at any given point in time, a dele-
tion ratio, defined as the ratio of orders deleted
from the order book to new orders over a given
time period.?®

HFT participants exhibited a deletion ratio of
77% in the volatile week in March 2014, which
was higher than in the calm week in June 2014,
at 72%; for non-HFT participants, by contrast,
there is virtually no discernible difference. This
suggests that the provision of liquidity by non-
HFT participants is more constant across vari-
ous market phases.

Furthermore, one sees that a surprise increase
in volatility in the turbulent week in March led
HFT market makers to increasingly cancel their
posted limit orders.3° Non-HFT participants did
the opposite: when volatility was higher, they
withdrew fewer orders. In the calmer trading
week in June, both HFT and non-HFT partici-
pants tended to delete fewer orders as volatility
increased. As the week in June was a period in

Deutsche Bundesbank

Trading behaviour upon release of US
labour market data’
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which markets were not very jittery, a slight up-
tick in volatility during such a period does not
appear to be cause for HFT traders to withdraw

26 See European Securities and Markets Authorities (ESMA)
(2011), Report of trends, risks, and vulnerabilities, European
Securities and Markets Authorities, Working Paper; and
Australian Securities and Investments Commission (ASIC)
(2012), Report 331: Dark liquidity and high-frequency trad-
ing, Working Paper.

27 See Y Ait-Sahalia and M Saglam (2014), High-frequency
traders: taking advantage of speed, Working Paper.

28 See K Schlepper (2016), op cit.

29 On the basis of order deletions, a more detailed analysis
of the impact of volatility on the provision of liquidity by
market players can be conducted than is possible based on
transaction data. For transaction data (see eg A Chaboud,
B Chiquoine, E Hjalmarsson and C Vega (2014), op cit, and
J Brogaard, T Hendershott and R Riordan (2014), op cit) the
traded volume is used to measure the provision of liquidity.
However, as this is highly correlated with volatility, previous
studies often suffer from an endogeneity problem. For
example, E Benos and S Sagade (2012), op cit, argue that,
in periods of higher volatility, passive limit orders are more
likely to be carried out, thus automatically increasing the
trading volume.

30 To this end, a dummy variable is created which has a
value of 1 if the deletion ratio exceeds the average figure
for the whole week during the interval (1 minute) and 0
otherwise. This variable was regressed on the volatility in
the preceding minute using a probit method.
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Liquidity provision around the time of publication of US labour market data
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HFT traders also
delete an exces-
sive number of
trading orders
before the
announcement
of US labour
market data

entire trading day is shown.
Deutsche Bundesbank

their liquidity from the market. The fact that
they responded much more sensitively to mar-
ket fluctuations in the more turbulent week
could indicate the existence of certain volatility
thresholds which, if overshot, cause HFT traders
to deem the market too risky and to increas-
ingly pull out. In addition, during such periods
HFT traders have no information advantage
over non-HFT participants, unlike, for example,
is the case regarding the announcement of
news, which HFT traders can process faster
than slower market participants. Thus, from a
certain stress level, HFT participants increas-
ingly cut back their supply of liquidity in order
to avoid higher hedging costs when perform-
ing their market-making activities.

Furthermore, the empirical results show that
both HFT and non-HFT participants delete an
excessive number of orders compared to the
average on that trading day even minutes be-
fore the publication of US labour market data —
and thus prior to the period of expected volatil-

ity. For HFT traders, however, the deletion ratio
is significantly higher than that for slower
traders. Looking at the new orders relative to
all order book activity on either side of the an-
nouncement of US labour market data, the
order rates of HFT and non-HFT participants
can be seen to diverge (see the chart above):
while HFT traders place an above-average num-
ber of orders in the minutes prior to the an-
nouncement, activity decreases just prior to the
announcement. At the same time, orders from
non-HFT participants go up sharply.

The results show that, irrespective of the nature
of volatility — expected or unexpected — HFT
participants provide less liquidity as market
stress rises and increasingly pull out of the
Bund future market. As the increase in the
volatility is anticipated ex ante when significant
macroeconomic news is published, the orders
are already increasingly deleted prior to the
announcement, whereas if the rise in volatility
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Empirical evidence of HFT participants’ reaction to the

publication of important news

Especially when important news such as US
labour market data and ECB Governing
Council interest rate decisions is published,
high-frequency trading (HFT) participants
can use their speed advantage, and react
within the first few seconds after the an-
nouncement. On some days when US la-
bour market data are published, up to
around 500 transactions may take place
during the second in which the announce-
ment is made. To obtain a more accurate
picture of HFT participants’ initial reaction,
which generally takes place within millisec-
onds or even microseconds, the following
statistical analysis is performed at the tick
level. This also reduces potential endogene-
ity problems because individual transactions
can be analysed sequentially.” The following
vector autoregressive model (VAR model)
with 10 lags is used to capture market par-
ticipants’ reactions to the announcement of
US labour market figures and ECB interest
rate decisions and to measure the effect on
the Bund future return:
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Here, the dummy variable D is entered as
an exogenous variable; it takes the value of
1 at the time data is released and 0 other-

wise. OF denotes the net order flow of HFT
and non-HFT, and r is the log of the Bund
future return at time ¢. The other variables
are coefficients estimated using the max-
imum likelihood method. A Cholesky de-
composition is applied to transform the
VAR model into a vector moving average
(VMA) form which can be used to identify
the impact of HFT and non-HFT activity on
returns:

ro O\ (aLBDeL) (e
OFM* | = (d(L)e(L)f(L) | | ea
OF/"*t g(L)L(L)k(L)) \esz
Q(L)) X1
+ T(L) X2,t
’M(L) X3,t

The standard errors are orthogonalised,
such that e,e,” = I, allowing causal conclu-
sions about shocks from individual elements
of e, The polynomials a(L) to k(L) repre-
sent the impulse-response functions of the
three variables to shocks, while ¢(L) to
u(L) capture the cumulative impact of the
dummy variable on the three dependent
variables. Furthermore, b(L) and ¢(L) rep-
resent the impulse-response functions of
the HFT and non-HFT order flow, respect-
ively, and can be interpreted as permanent
price effects of an innovation in the order
flow of HFT and non-HFT.

The upper table on the following page
shows the effect that ECB interest rate deci-
sions and NFP releases have on the order

1 When using time intervals, a large number of trans-
actions occur simultaneously (ie within one second, for
example). The number of transactions also varies
strongly, ranging from five transactions in the case of
an ECB interest rate decision up to 1,330 transactions
following a US labour market report in the second
after publication. A tick-based analysis also allows the
variability to be taken into account, which is not pos-
sible in an analysis based on fixed intervals.
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The effect of news on trading behaviour

Passive
Item Active HFT Active NHFT ~ Passive HFT ~ NHFT HFT NHFT
Short-term effect (tick = 0) —-0.089 0.004 -0.019 0.065 -0.099 0.096
Standard error (0.304) (0.237) 0.16) (0.346) (0.292) (0.316)
Long-term effect (tick = 10) —6.715*** -0.875 0.967 5.686*** —5.892%* 5.709***
Standard error (1.764) (1.228) (0.654) (1.89) (1.704) (1.7)
Long-term effect — short-term effect —6.626***  -0.879 0.986 5.621***  —5793** 5.613***
Standard error (1.79) (1.251) (0.673) (1.921) (1.729) (1.729)

* Statistically significant at 10%, ** at 5% and *** at 1%.
Deutsche Bundesbank

The effect of trading behaviour on the Bund future return

Item Active HFT Active NHFT Active HFT — NHFT
Short-term effect (tick = 0) 0.069** 0.081*** -0.012
Standard error (0.031) (0.032) (0.045)
Long-term effect (tick = 10) 0.607*** 0.120* 0.486***
Standard error (0.063) (0.067) (0.092)
Long-term effect — short-term effect —6.626*** -0.879 —5.793***
Standard error (0.07) (0.074) (0.102)

* Statistically significant at 10%, ** at 5% and *** at 1%.
Deutsche Bundesbank

flow of HFT and non-HFT, given by r(L)
and u(L) in the model. This shows that
only active HFT and passive non-HFT partici-
pants display a significant reaction to the
data release. Within the first 10 ticks, HFT
participants trade in the direction of the
market; this effect becomes stronger the
more ticks are considered. Passive non-HFT
participants show the opposite reaction be-
cause they take the other side of the active
non-HFT participants’ trades that are exe-
cuted.

The results of the impulse-response func-
tions for active market participants? (see the
lower table on this page) show that both
HFT and non-HFT order flows have a signifi-
cant positive short-term effect on the re-
turn. While the effect expands for HFT
participants over the subsequent 10 ticks
(long-term effect), it decreases slightly in
the case of non-HFT participants. The chart
on page 49 shows the cumulative impulse-
response functions (IRF) for 10 events into
the future and their 95% confidence bands.

The IRF of HFT participants after 10 ticks is
around five times higher than that of non-
HFT participants. This reveals that a shock in
the HFT order flow has a 400% greater
price effect than a comparable shock in the
non-HFT order flow. This suggests that HFT
orders contain more information than those
of non-HFT participants. This finding is cor-
roborated by the significant difference be-
tween the IRFs of HFT participants and non-
HFT participants (Column 3 in the lower
table on this page). Nevertheless, the
stronger information efficiency found in the
first 10 ticks applies only to a time-span of
milliseconds. The economic benefit result-
ing from this seems doubtful. It is also
unclear whether trading by active HFT par-

2 The analysis is confined to active market participants,
since they initiate the trades and thereby contribute to
price discovery. This is also consistent with the method
of T Henderschott and R Riordan (2011), Algorithmic
trading and information, working paper; and A Cha-
boud, B Chiquoine, E Hjalmarsson and C Vega (2014),
Rise of the machines: Algorithmic trading in the foreign
exchange market, Journal of Finance, 69(5),pp 2045-
2084.



ticipants in response to news generates a
purely informative contribution or whether
this creates additional unwanted short-term
volatility (white noise). Generally speaking,
volatility can have both a permanent
(information-based) component and a tran-
sitory component. These two components
are therefore decomposed using the vari-
ance decomposition method developed by
Hasbrouk (1991 and 1993). The aim of this
is to gauge the impact of active HFT and
non-HFT transactions on the share of per-
manent and transitory variance. According
to Hasbrouck, the observed price can be
written as

Py = my + S,

where m, describes the permanent com-
ponent and s, denotes the transitory com-
ponent or the error term. In this context,
the error term may be interpreted as the
lagged adjustment of the price to new in-
formation. On this basis, the variances of
the permanent and transitory components
can then be calculated as a function of the
coefficients of the VMA process and the
variance-covariance matrix.3 We find that,
at 9.2%, HFT participants make a signifi-
cantly larger contribution to permanent
variance than non-HFT participants (0.4%).
However, through their more aggressive
trading, HFT participants also contribute
much more strongly to transitory variance,
which, at 33.4% after 10 ticks, is more
than ten times higher than the figure for
non-HFT participants (just 2.3%). The
information-to-noise ratio for HFT partici-
pants is therefore well below 1, indicating
that their rapid trading generates more
transitory than information-based variance.
It can be concluded from this that, as a rule,
active HFT participants “overshoot the
mark” in response to macroeconomic news.
This means that they do act in the direction
of the market movement in line with the

Deutsche Bundesbank
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surprise component of the news, thus con-
tributing to the price discovery process.
Nevertheless, their reaction appears exces-
sive measured in terms of the long-term
implications of the news for the price.

3 For more details, see J Hasbrouck (1993), Assessing
the quality of a security market: a new approach to
transaction-cost measurement, Review of Financial
Studies 6, pp 191-212; K Schlepper, High-frequency
trading in the Bund futures market, Deutsche Bundes-
bank Discussion Paper No 15/2016; and E Benos and
S Sagade (2012) High-frequency trading behaviour and
its impact on market quality: evidence from the UK
equity market, Bank of England working paper.
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Limit order book
as a key elem-
ent for under-
standing the
market ...

... represents
overall liquidity

Price discovery
process takes
place in the LOB

comes as a surprise, these deletions occur only
once the markets have responded.

The importance of
HFT traders in the limit
order book

One essential component for a better under-
standing of HFT is taking a closer look at the
environment in which its HFT algorithms inter-
act with other market players. On nearly all
regular trading platforms, this interaction takes
place in the limit order book (LOB). All incom-
ing and not immediately executable limited buy
and sell orders are entered into it. Market
orders, ie orders which are not limited and are
instead placed to be executed immediately, are
not entered directly into the LOB. Market
orders nevertheless have an impact on the LOB
because they interact with the limited orders
entered into it through orders being executed.
Orders are processed in the electronic trading
system of the given stock exchange according
to a fixed set of rules (market model) known to
the market players in terms of their priority for
execution.?!

At each point in time during the trading pro-
cess, the LOB — the aggregate total of all unex-
ecuted limited buy and sell orders — represents
the total demand and supply sides for the
financing instrument. The LOB at time ¢ thus
represents the liquidity which is available at any
given time for executing transactions for mar-
ket players (see chart on page 51).3233

A transaction takes place in the LOB if a new
buy (sell) order arrives or if an existing order is
modified in such a way that it overcomes the
bid-ask spread and can be executed with a sell
(buy) order on the other side of the LOB. Price
discovery is therefore a complex process result-
ing from the constant individual entry, deletion
and modification of orders by market partici-
pants and the ensuing transactions at the
respective best price.

The processes running in the order book in the
trading of a highly liquid financial instrument,
such as the DAX or Bund future, are very
numerous and complex and considerably in-
crease the amount of work required for an LOB
analysis.3* From a regulatory perspective, an
LOB analysis nevertheless affords a significantly
better insight into the price discovery process,
which is one of the most important functions
of securities and futures markets and to which
must be ascribed major economic relevance
for the allocation of capital and for financial
stability.

A comprehensive analysis of the LOB makes it
possible to investigate a number of questions
concerning the German capital market about
which there has so far been little economic
research. An investigation is made, for ex-
ample, to determine the fundamental micro-
structural characteristics of the LOB (such as
execution times of orders) for ultra-short time
scales and with special consideration of HFT
orders. It is now also possible to answer the
question as to where in the order book HFT
traders place their orders and how large their
share of the liquidity provided in the LOB is. A
similarly important aspect is the dynamics of
the provision of liquidity by HFT and NHFT par-
ticipants over time. The LOB analysis also sup-
plies answers to the question of whether there
are particular periods in which one or even

31 In most market models, the order of priority is set ini-
tially by the price at which the investor is prepared to buy
or sell the security in question. At the second level, if there
is more than one order at a given price, there is a further
prioritisation according to the time at which the order
entered into the LOB (with older orders that arrived earlier
being given priority over more recent ones).

32 Most stock exchanges grant their market players a par-
tial or even complete insight in real time into the current
status of the LOB (open order book).

33 See M Gould et al (2013), Limit Order Books, Journal of
Quantitative Finance, 13 (11), pp 1709-1742; and M Pad-
drik et al (2014), Effects of Limit Order Book Information
Levels on Market Stability Metrics, OFR working paper.

34 For the sample of DAX future data examined in the LOB
analysis, the volume of a normal daily rate of data fluctu-
ates between about 0.9 million and 7 million individual
events in the order book, of which each is registered with
several dozen information units (such as the limit price, the
precise time, the number of contracts, the identifier as an
HFT order, etc). HFT data and the related research therefore
have a marked “big data” character.

First-time analy-
sis of the order
book for very
small time scales
and taking
account of HFT
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Just under half
of all activities
in the order
book are HFT

Deutsche Bundesbank

Representation of an order book

Depth of the order book (number of securities offered or in demand)

Buy side Sell side
9 [ HFT buy order B HFT sell order
8 [ NHFT buy order ] NHFT sell order
7 PP Newly arriving limited
Newly arriving limited (S EIIg)
6 - NHFT buy orders I HFT sell orders
5 v
4
3
Bid-
2 ask-
1 spread
+—>
' N
9873.0 9873.5 9874.0 98745 9875.0 98755 9876.0 9876.5 9877.0 9877.5 9878.0 98785 9879.0
Bid price Mid price Ask price
Price

Deutsche Bundesbank

both parties significantly reduce their presence
in the LOB (liquidity holes).

Both for the composition of the LOB at a given
point in time and for the analysis of the LOB
dynamics over time, it is sufficient if the
sequence of the individual order entries, modi-
fications and deletions as well as partial or full
executions are processed in a way that is con-
sistent with the set of rules of the trading plat-
form. Using the available Eurex order data and
the HFT identifier, it is therefore possible to re-
construct the situation in the LOB at virtually
any time down to the level of a microsecond.

From the available Eurex data sample, a small
selection of 12 individual trading days from
2013 to 2015 is made for the DAX future. The
selection of trading days is guided by the
requirement that the sample should include
both normal days characterised by calmer trad-
ing and those marked by higher intraday vola-
tility and dynamic, strongly news-driven market
activity.3>

Characteristics of the LOB

The 12 selected trading days of the DAX future
contain a total of around 21.1 million order
activities. Of the roughly 1.75 million daily LOB

events, 52.2% are due to HFT traders and
47.8% to NHFT participants. For the actual con-
tract volume, the figures are 41.3% for HFT and
58.7% for NHFT. On average, an executed HFT
order is 1.31 contracts in size. For an NHFT
order, the figure is 1.68.

The image of steady, continuous market activ-
ity on time scales such as minutes or seconds
becomes more and more discrete and unsteady
when progressively “zooming into” shorter
time scales in the sub-second range.3¢ The
granularity of market activity at the millisecond
or microsecond level therefore plays a big part
in the analysis of high-frequency order book
data. A continuous time flow with an approxi-
mately steady level of activity on time scales
that can be perceived by human beings is thus
often transformed into a discrete sequence of

35 The days studied in the LOB analysis are 5 July 2013,
2 August 2013, 6 September 2013, 2 October 2013, 8 No-
vember 2013, 6 December 2013 (NFP days), 3 to 6 June
2014, 9 June 2014 (normal days), and 7 May 2015 (very
high volatility). For four of these days (2 August 2013,
6 September 2013, 3 and 10 June 2014), the LOB is recon-
structed in an extensive analysis down to the level of a
microsecond.

36 It is thus not unusual, for example, for there to be
periods at the level of one second in which several hundred
orders or price discoveries occur within the space of a
second. Conversely, there are many seconds in which no
activities whatsoever occur in the LOB. A one-second vola-
tility has widely differing implications in such circum-
stances.
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Time until an
HFT order is
executed very
much shorter
than in the case
of NHFT

Average time span before a new
LOB activity”

in seconds

LOB activity HFT NHFT

New order 0.0143 0.0436
Modification 0.0132 0.0256
Deletion 0.0118 0.0189

* Times between a change in the bid-ask price or in the contract
quantities offered or in demand at this price and a new LOB
activity.

Deutsche Bundesbank

"activity clusters” in the sub-second range. In
order to take account of this characteristic, all
calculations of parameters, such as volatility or
returns, are calculated at the level of the indi-
vidual ticks in the order book on the basis of an
“event to event” procedure.3’

The response times to changes in the LOB dif-
fer significantly between HFT and NHFT traders.
After a change in the bid-ask price or in the
contract quantities offered or in demand at
these prices, HFT participants respond signifi-
cantly more quickly than NHFT traders, irre-
spective of whether the activity initiated next in
the LOB is a new order, a modification or a
deletion.

Major differences are likewise apparent in
terms of the amount of time a limit order that
is not executed immediately spends in the LOB
until it is executed. The median time until half
of all HFT orders are executed amounts to 1.15
seconds. For NHFT, the median lies at 6.02
seconds.®

HFT liquidity near to the best
bid-ask price

The assertion that passive HFT traders make an
essential contribution to market liquidity is a

key argument of the proponents of HFT. Owing
to their presence, so the reasoning goes, other
market players can trust in their orders being
executed almost permanently at fair prices and
within a short period of time. This argument
thus implies that HFT in the vicinity of the
respective best bid-ask price (eg up to 3 ticks
from the current DAX future price) provides sig-
nificant liquidity so that even a fairly large order
of an NHFT trader can be executed without an
overly large adverse price movement for the
trader.3® Furthermore, this adequate liquidity
should be largely permanently present. With
the LOB analysis, this assumption, in addition
to the results from studying the Bund future
data, is to be examined directly using a further
method.

To this end, it is calculated how many DAX
contracts in the LOB are being offered or are in
demand at the individual prices at each point in
time by both HFT and NHFT traders. Addition-
ally, a focused analysis of liquidity provision is
conducted near to the best bid-ask prices in

37 With regard to the sampling frequency of major param-
eters, such as returns or volatility, a distinction can be made
between two basic procedures. In the case of the former,
use is made of calculation periods that are spread evenly
over time, where there is, for example, always one second
between consecutive sampling points. These produce time
series with a one-second time scale. This procedure is
chosen here mainly in the Bund future analyses. In the case
of calculation periods based on the actual arrival times of
orders in the LOB, the time series are based on an “event
to event” sampling. The time intervals between the individ-
ual observation points are mostly variable and are pro-
duced by the (stochastic) arrival patterns of orders in the
LOB. Sampling of this kind is often more suitable for taking
account of the discrete granularity of the market in the
sub-second range. In a variant of this procedure, parameter
measurements are always carried out at the time of actual
transactions. This is referred to as a time series sampled
“trade to trade”. Both variants are applied in the LOB analy-
sis of the DAX future data.

38 The averages are 61 seconds for HFT and 369 seconds
for NHFT. The major difference between the average and
the median is that the distribution of the execution times
follows an exponential function. In this case, the median is
therefore to be seen as the more meaningful figure.

39 The minimum tick size is 1 tick, ie the smallest unit at
which the asset is priced on the trading platform. In the
case of the DAX future, 1 tick amounts to 0.5 DAX point.
In other words, if, say, the best bid-ask price is currently
9876.5 points as in the chart on p 51, the 3-tick group for
HFT traders on the sell side comprises all contracts offered
by them between 9876.5 and 9877.5 points (seven con-
tracts in the example).

Its proponents
see HFT as a
major guarantor
of liquid trading
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Average HFT liquidity provision in the LOB

Deutsche Bundesbank

Total
Item LOB HFT 20 ticks HFT 10 ticks HFT 5 ticks HFT 3 ticks HFT
%
2 August 2013 55.9 354 329 42.2 47.6
6 September 2013 70.2 38.9 37.0 44.4 49.0
3 June 2014 57.6 35.7 34.4 40.9 42.8
10 June 2014 52.5 34.5 35.6 40.8 44.0
Average 59.0 36.1 34.9 421 45.8
in € million
Average HFT share 603.3 46.9 22.2 11.6 6.7

Deutsche Bundesbank

each case, ie where price discovery and trading
activity effectively take place. Besides the ab-
solute number of contracts, we thus also study
how the liquidity of the two types of traders in
the LOB is distributed with increasing distance
from the bid-ask price. To do this, the aggre-
gated contract volumes of the orders standing
in the LOB within 3, 5, 10 and 20 ticks from the
best bid-ask price are determined in each case
for the buy and sell sides and the percentage
due to HFT is calculated. This percentage repre-
sents the HFT liquidity in these LOB buckets
and allows a more precise picture of the aver-
age provision of liquidity over the course of the
day. Building on this, the temporal dynamics of
the liquidity provision are analysed.4°

The LOB analysis confirms that HFT contributes
a significant percentage of the liquidity pro-
vided. The HFT-induced liquidity is distributed
broadly over the entire LOB and is by no means
concentrated only on the area in the immedi-
ate vicinity of the best bid-ask price (see the
adjacent chart).

With regard to the distribution of HFT liquidity,
it becomes clear from the table above that the

40 The trading days selected for this more in-depth analy-
sis are 2 August 2013, 6 September 2013, 3 and 10 June
2014.

Share of HFT liquidity provided in the
DAX future order book

Percentage share of liquidity
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Sources: Eurex and Bundesbank calculations. 1 Publication of
US labour market data.
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... but does not
do so every-
where to the
same extent ...

Share of liquidity provided by HFT
traders near to the best bid-ask price”

Percentage share of liquidity
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bour market data.
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HFT percentage in the immediate vicinity of the
best bid-ask price (3 and 5 ticks) is quite high at
around 45% and then decreases markedly in
medium distance (10 to 20 ticks) to the best
bid-ask price. In this medium range of the LOB,
the contribution of HFT, for instance, at 10 ticks
(=5 DAX points) distance is significantly lower
at no more than just under 35% (see the chart
above). Further away from the best bid-ask
price, the HFT liquidity then increases quite
sharply, making the average figure for the LOB
as a whole rise to almost 60%.

The existence of high HFT liquidity far away
from the best bid-ask price appears surprising

at first sight, as limit orders placed in this range
stay for a considerably longer period of time
until they are executed and the HFT advantages
of speed do not come directly into play in the
case of these orders. It would therefore be ex-
pected that HFT orders play a particularly active
role, above all, in the immediate vicinity of the
best bid-ask price.

One explanation might be that the HFT liquidity
far from the best bid-ask price consists of
orders by HFT traders that pursue passive strat-
egies which are not, however, based on any
market-making concept.#' The further rise in
the HFT percentage in the vicinity of the best
bid-ask price is, by contrast, consistent with the
expected behaviour of HFT and can be ex-
plained by market-making strategies.

The assertion that HFT provides other market
players almost permanently with important
liquidity close to the best bid-ask price can
therefore largely be confirmed. In normal times,
HFT therefore supports liquidity.

The timing of liquidity provision by HFT traders
proves to be quite stable for much of the times
on the days under consideration. As was
already becoming apparent in the study of the
Bund future data, the liquidity situation also
changes quite clearly for a time in the LOB an-
alysis of the DAX future, however, if there is a
strong, anticipated market event such as the
NFP announcement (see the chart on page 59).
It is true that a reduction in liquidity can also be
noted in the case of NHFT traders, but its scale
is not as great as in the case of HFT.

41 Orders entered early take a privileged place in the
sequence of priority at this limit price. This means that the
investors secure themselves a “good seat” in the LOB at
this price. If the best bid-ask price should then move near
to the entered order at a subsequent point in time, HFT
traders can use their speed advantage in analysing the mar-
ket situation and the execution of orders in order to wait
until the last moment to decide whether they want to
maintain (and perhaps execute) the order or whether they
simply wish to delete it shortly beforehand. Such behaviour
might also explain part of the high number of deletions of
HFT orders.

... and also not
always only

as the market
maker

HFT market
makers con-
firmed as major
providers of
liquidity

HFT liquidity
is not granted
all the time,
however ...
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Unusual activity patterns among HFT participants

In the debate surrounding high-frequency
trading (HFT) participants, one concern that
has repeatedly been raised is that a number
of HFT participants might be taking advan-
tage of their superior speed to run trading
strategies that are unfair on other market
participants and that might not constitute
market-compliant behaviour."? However, in
the absence of robust empirical data, this
discussion has so far largely been driven by
what is believed to be anecdotal evidence.
One such piece of evidence that is cited
time and again is the high incidence of order
cancellations. Eurex trading data can be
used to explore whether order cancellations
exhibit unusual activity patterns that might
point to incorrectly programmed algorithms
or to behaviour on the part of individual
participants that is not market-compliant.
The results indicate that cancellations do
indeed exhibit some irregularities for which
there is no straightforward explanation.

In the DAX Futures dataset covering 12
days, order cancellations accounted for a
total of 5.7 million of the roughly 21.1 mil-
lion order activities.? This shows that no un-
usual behavioural patterns are immediately
obvious for the vast majority of the cancel-
lations. Only a small quantity (belonging to
a previously unknown category) of cancella-
tion activities are striking. Each of them is a
rapid and repeated sequence made up of
the entry and almost immediate cancella-
tion of limited low-volume buy (or sell)
orders at the current best bid (or ask) price.*
This pattern of entering and immediately
cancelling orders in the limit order book
(LOB) takes place as a rapid repetitive cycle,
with most orders being cancelled in less
than a millisecond, only to then be re-
entered identically in the LOB almost as
quickly.> This cycle is then repeated up to
several dozen times without any changes
being made to order parameters such as
the limit price or contract quantity. These

events will be referred to in the remainder
of this box as “rapid order entry and cancel-
lation cycles” (ROECCs) (see the chart on
page 56).

In the DAX Futures sample, ROECC events
that have three or more directly related
cycles and a mean lifetime of their individ-
ual orders of 1 millisecond or less, are by no
means a rare phenomenon, with 4,882 ob-
servations, and occur several hundred times
a day in the DAX Futures market.®

Around 96.5% thereof — 4,711 in number —
were generated by HFT participants.” In

1 The HFT debate gained particular prominence when
Michael Lewis’'s book “Flash Boys” was published in
2013. It is worth noting here that the criticism which
that book directs at HFT participants, even if it were
true, would primarily only be applicable to the United
States and the exchange system in operation there.
Given that Germany's capital market has a different
exchange landscape altogether and a procedure of its
own for transmitting orders, the systematic front run-
ning described so sensationally in “Flash Boys” would
hardly be possible in Germany.

2 Market-compliant behaviour, for the purposes of this
box, is any trading activity that conforms to the ex-
change rules and does not violate applicable statutory
provisions, notably the EU’s Market Abuse Regulation
(Regulation (EU) No 596/2014, or MAR) and Market
Abuse Directive (2014/57/EU, or CRIM MAR).

3 A median of 1.22 seconds lapses between order
entry and cancellation. The average is 123 seconds.
Here, too, the exponential distribution is striking.

4 In around 94% of cases, the order size (just one con-
tract) is the minimum order size in the DAX Futures
market. For the span of its lifetime in the LOB, that
order represents the current best bid or ask price.

5 Fairly typical ROECC times are order lifetimes of 30
to 50 microseconds, say, followed by a break of
approximately 280 microseconds until the order is
re-entered. The fastest cancellations come after around
11 microseconds.

6 For the purposes of this analysis, the minimum num-
ber of cycles from which an event is counted as an
ROECC was set at three. The subsequent analyses
were repeated with values of five and eight, however,
without producing any systematic changes in the
results.

7 The mean number of cycles is 5.7 repetitions, and
the most frequently observed ROECC event of a single
HFT participant was made up of 91 cycles. In median
terms, an ROECC order is cancelled after approxi-
mately 220 microseconds and re-entered roughly
4 milliseconds later. Thus, ROECC events rarely last
longer than approximately 25 milliseconds, with many
also taking place in the sub-millisecond range.
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Example of rapid order entry and cancellation

Number of rapid order entry and cancellation cycles
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almost all cases, there is no other activity in
the LOB during this time. Likewise, order
executions during the course of an ROECC
event are very rare.

There is no straightforward explanation for
the behaviour pattern revealed by these
ROECC events. The HFT algorithms respon-
sible for them, however, clearly respond to
the bid-ask spread in the LOB. That makes
sense if one assumes that an ROECC order
is not designed to be executed in the first
place (see the chart on page 57).8

A first possible explanation for the ROECC
events identified here could be that algo-
rithm coding errors or self-trading are to
blame.® Errors are a somewhat unlikely
cause, however, given the evidence of a
systematic response to changes in the bid-
ask spread as well as the repeated incidence
over a period of at least a year. Self-trading,
on the other hand, is a plausible explan-
ation that would be compatible with
market-compliant behaviour since it does
not constitute deliberate misconduct.

Another possible explanation is the “track-
ing hypothesis”, according to which liquid-
ity providers cancel and replace their orders
in quick succession in an effort to keep
pace with rapidly changing LOB conditions

Identical order

Cancelled

— Cancelled

(“price chasing”). This explanation can be
ruled out in the ROECC cases observed here
because each subsequent order is abso-
lutely identical with the previous ones. Fur-
thermore, in every single case, the LOB did
not change whatsoever between orders.

Yet another explanation, the “sounding-out
hypothesis”, may be a market-compliant
strategy, but the European Securities and
Markets Authority (ESMA) has already iden-
tified it as an area of particular concern.™
According to this hypothesis, ROECC orders
are a trading strategy in which a participant
uses a buy (or sell) order to place the best
bid (or ask) price in the LOB for a short
period of time, the intention being to either
have the order executed during this period
with a latent but hidden market order on

8 The wider the current spread, the less likely it is that
an order originating from the other side of the market
will bridge the spread and be executed by the ROECC
order. Therefore, the algorithm can set longer lifetimes
for wider spreads.

9 Self-trading occurs when two almost identical algo-
rithms in the market interact unintentionally, with each
then responding to the other’s activity in a kind of
positive feedback loop and revolving, in a sense,
around the other.

10 See the section entitled “Ping orders” in ESMA
2012/122, p 21.



the selling (or buying) side™ or to use the
offer to draw the other side into entering
an executable new order. The order is can-
celled if neither of the intended events oc-
curs within a very short space of time. The
extremely quick cancellation of the ROECC
order combined with the minimum re-
sponse time in the Eurex system usually
make it practically impossible for other mar-
ket participants to deliberately respond to
such orders, leaving the first variant as the
only possible explanation.' Judging by the
characteristics of ROECC events outlined in
this box, this particular theory is an interest-
ing possible explanation.

Another conceivable explanation is known
as “quote stuffing” and is not a permitted
practice. Quote stuffing is the deliberate

11 If full execution is currently only possible at a very
unfavourable price (in what is known as the “market
order matching range”), many market models will
briefly transform a market order into a kind of “waiting
position”, ready to be executed at a later point in time
when conditions have improved for the party placing
the order. Such waiting market orders are hidden from
other market participants and represent a kind of
latent liquidity — though they can interact immediately
with new incoming orders.

12 The minimum response time in the Eurex trading
system was around 180 microseconds between 2013
and 2015. Thus, other market participants will briefly
see this order but have no opportunity to act on it.

13 The academic literature likewise contains evidence
supporting this explanation. See J Hasbrouck and
G Saar (2007), Technology and liquidity provision: the
blurring of traditional definitions, Working Paper, Stern
School of Business.

14 The law as it stood until June 2016 defined quote
stuffing as a market manipulation strategy (within the
meaning of section 20a (1) sentence 1 number 2 of
the German Securities Trading Act (WpHG) because
such behaviour could be conducive to disrupting or
delaying the proper functioning of exchange oper-
ators’ trading systems (section 3 (1) number 4a of the
German Market Manipulation Definition Regulation
(MaKonV)) or make it difficult for other market partici-
pants to identify the current buy and sell orders in the
trading system (section 3 (1) number 4b of the
MaKonV). See P Kasiske (2014), Marktmissbrauchliche
Strategien im Hochfrequenzhandel, Zeitschrift fir
Wirtschafts- und Bankrecht, 68 (41), pp 1933-1939.
From July 2016, section 20a of the Securities Trading
Act and the Market Manipulation Definition Regula-
tion were replaced by the EU Market Abuse Regulation
without changing any aspects of the market conform-
ity assessment.

15 This statement is based on information provided by
Eurex representatives familiar with the IT architecture.

Deutsche Bundesbank

Relationship between ROECC order
lifetime and bid-ask spread
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entry and immediate cancellation of a large
number of orders for a particular asset at a
single trading venue.™ One objective can
be to temporarily slow down the exchange'’s
trading system by generating a higher flow
of orders. Perpetrators might then find it
easier, say, to engage in profitable arbitrage
because they could trade the asset affected
by the marginal slowdown at a different
trading venue at a more rewarding price.
Given the low number of cycles in ROECC
events (rarely more than a few dozen per
second) and Eurex’s server capacities (many
thousand per second), this explanation can
be ruled out.?

Another objective is to disrupt and mislead
other algorithmic market participants. From
the perspective of other trading algorithms,
a vigorous strategy of sending and immedi-
ately cancelling a large number of orders
generates significant data flows which they
need to process, tying up their IT capacities.
In this scenario, an ROECC issuer might be
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... but is sensi-
tive to foresee-
able volatility
events

able to briefly slow down the algorithms of
rival market participants and thus gain a
decisive edge. The ROECC orders which
supposedly suggest a misleading intention
to buy or sell a given asset also have the
effect of distorting the actual supply and
demand situation, which again complicates
matters for other market participants. This
approach is likewise a possible explanation
for ROECC events. One major drawback of
this hypothesis, however, is that in a great
many cases, an ROECC event is not actually
immediately followed by a trade. Overall, it
can be said that the observed cases cannot
be attributed beyond a shadow of a doubt
to quote stuffing behaviour, nor is it pos-
sible to identify any negative impact on
market integrity.

A conclusive investigation into the inten-
tions that lie behind ROECC events still
needs to be conducted. What the analysis
does illustrate, though, is that interesting

The withdrawal of the passive HFT traders ob-
served in the run-up to the release of the US
labour market data can be interpreted in terms
of their liquidity-enhancing strategies having a
marked opportunistic character and reacting
very sensitively to anticipated volatility events.
For the days under consideration here, the
hypothesis that passive HFT traders make a
continuing significant contribution to liquidity
provision even if there is strong expected vola-
tility cannot be confirmed, at least for the
period around the publication of the US labour
market data.*? At the time of the announce-
ment at 14.30, the small amount of remaining
liquidity is provided almost exclusively by NHFT
traders. It should nevertheless also be noted
that these are rare and only short-term with-
drawals which appear to represent more of an
exception than a rule.

phenomena occur in the space of extremely
short timeframes during trading that are
not perceptible to a human trader’s eye,
about which much still remains unknown.
This shows, then, that research based on
trading data in the sub-second range can
make an important contribution to the
understanding of today’s markets.

B Summary and outlook

Based on a new and granular database, the im-
portance of HFT for market stability and integ-
rity in trading in DAX and Bund futures is high-
lighted. These are the two most liquid German
investment instruments in which HFT accounts
for a significant share of trading activity.

The results suggest that HFT traders participate
more strongly in trading as active market play-
ers in the Bund future especially in times of
higher volatility. This applies both in periods of
unexpectedly occurring volatility and in the
run-up to expected price fluctuations. Espe-
cially following the announcement of import-
ant news, HFT traders can exploit their speed
advantage; in doing so, they improve price dis-
covery on very small time scales, although they

42 This stands in contrast to numerous traditional market
makers, as binding rules on many trading platforms oblige
them to provide liquidity in the order book even in adverse
market conditions.

While active HFT
traders have a
stronger pres-
ence in periods
of market
volatility ...
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also contribute to an above-average extent to
short-term (excess) volatility.

At the same time, the results point to passive
HFT participants often withdrawing in periods
of market volatility and reducing their supply of
liquidity. Taken together, the differing behav-
iours of active and passive HFT traders suggest
a heightened risk of episodes of excessive
short-term volatility which could provoke mar-
ket turmoil, including flash events.

Reconstructing the DAX future order book
reveals the important role played by passive
HFT traders in a good provision of liquidity that
is stable over time. However, the results for the
DAX future also confirm the findings for the
Bund future that the liquidity supplied by HFT
decreases significantly in times when important
news is announced. A further finding is the
existence of a rare, but noticeable pattern of
behaviour in deletions of orders on very small
time scales. Although it is not possible to pin-
point the cause of this anomaly, the phenom-
enon does illustrate the part that an in-depth
study of highly granular trading date can play
in helping regulators gain a better understand-
ing of the market. Taking an overall view, it
should be borne in mind that the obtained
results relate solely to the futures markets for
the DAX and Bunds under study here and can

vary widely depending on the market segment
and the share of HFT.

Future studies by central banks, regulatory
authorities and academic institutions might
benefit from easier access to similarly granular
data.** Enhanced transparency would also
make it significantly easier to analyse new vari-
ants of intermediation in the capital markets in
a timely and accurate manner. Understanding
of how modern electronic trading works could
be substantially improved in this way.

The empirical results also underline possible
points of approach in the regulatory debate
about HFT. First, they demonstrate how import-
ant it is to implement incentive mechanisms so
that passive HFT market makers maintain the
provision of liquidity even in periods of height-
ened stress in the market.#4

43 One example of future possibilities for analysis would
be the use of the trader ID of individual transactions. A
trader ID is an algorithm, contained in the dataset of every
single order, which identifies the market participant placing
the order. This makes it possible to answer the question of
who has placed an order.

44 Article 17 (3) of the EU directive on markets in financial
instruments (MiFIDII) stipulates that an investment firm
that engages in algorithmic trading (not just HFT traders) to
pursue a market making strategy shall carry out this market
making continuously during a specified proportion of the
trading venue's trading hours, except under exceptional
circumstances.
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Second, the results suggest that active HFT
traders, owing to their speed advantages in
responding to the publication of important
news, contribute to an excessive temporary
volatility rather than to an informative one. This
might permanently discourage slower market
participants from providing adequate liquidity
in such periods. Various instruments to coun-
teract this problem are under discussion. These
include a switch from continuous, steady trad-
ing to a discrete sequence of auctions (frequent
batch auctions) and the introduction of a min-
imum time lag in the execution time of the
orders of all market participants.#>4¢ Both
measures have in common that the resulting
delay can restrict all the market players in their
ability to respond by fractions of a second.
Slower passive liquidity-providing participants
would thus have a better chance of adjusting

their orders to current market conditions.#” This
would partly offset the competitive disadvan-
tages of slower market participants, about
which there is much criticism in the public de-
bate, without perceptibly impairing techno-
logical progress on the trading platforms. Not
least, it would reduce the incentives for what is
— in terms of the economic benefit — a dubious
technological “arms race” on the trading plat-
formes.

45 In a batch auction, a large number of incoming trading
orders are combined and executed together at brief inter-
vals in the form of an auction. This can reduce the speed
advantage of HFT traders. See E Budish, P Cramton und
J Shim (2015), The high-frequency trading arms race: fre-
quent batch auctions as a market design response, Quar-
terly Journal of Economics, 130(4).

46 Since spring 2016, the electronic trading platform
IEX Group has been delaying trading in shares on Wall
Street by 350 microseconds.

47 See T Foucault (2016), op cit.





