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Abstract

This paper investigates high-frequency (HF) market and limit orders in the U.S. Treasury
market around major macroeconomic news announcements. BrokerTec introduced i-
Cross at the end of 2007 and we use this exogenous event as an instrument to analyze the
impact of HF activities on liquidity and price efficiency. Our results show that HF
activities have a negative effect on liquidity around economic announcements: they
widen spreads during the pre-announcement period and lower depth on the order book
during the post-announcement period. The negative impact on liquidity mainly derives
from HF trades. Nonetheless, HF trades improve price efficiency during both the pre-
announcement and post-announcement periods.

JEL classification: G10, G12, G14
Bank classification: Financial markets

Résumé

Dans cette étude, les auteurs observent les ordres de marché a haute fréquence et les
ordres a cours limité sur le marché des titres du Trésor américain aux environs
d’annonces macroéconomiques importantes. Les auteurs utilisent un événement exogeéne,
soit le lancement d’i-Cross par BrokerTec a la fin de 2007, pour analyser I’incidence des
activités de négociation a haute fréquence sur la liquidité et I’efficience des prix. D apres
les résultats de leur étude, les activités de négociation a haute fréguence ont des
répercussions négatives sur la liquidité aux environs des annonces macroéconomiques.
En effet, elles causent un élargissement des écarts durant la période qui précéde ces
annonces et une réduction de la profondeur du carnet d’ordres durant la période qui suit
les annonces. L’incidence défavorable sur la liquidité découle principalement des
transactions a haute fréquence. Néanmoins, ces transactions entrainent une amélioration
de I’efficience des prix durant les périodes qui précédent et qui suivent les annonces.

Classification JEL : G10, G12, G14
Classification de la Banque : Marchés financiers



1 Introduction

High-frequency (HF henceforth) trading! carried out by computer programs has become prevalent
in financial markets during the past decade. As reported in financial media, trading records have
routinely been broken in recent years, and millions of data messages are regularly sent every second
to various trading venues.? This anecdotal evidence is coupled with the hard fact that trading in
latency markets has decreased by about two orders of magnitude over the past decade (Moallemi
and Saglam (2011). As documented in the existing literature (e.g., Clark, 2011 and Hasbrouck
(2012), trading and quoting activities regularly take place within a fraction of a second. The
main advantage of HF trading is that computers, with their capacity to process a large amount
of information, are well positioned to execute multiple actions rapidly in response to information
arrival. However, the impact of HF activities on market quality around information arrival remains
an open question. In theoretical models such as Biais, Foucault and Moinas (2011), Foucault,
Hombert and Rosu (2013), and Martinez and Rosu (2013), HF traders use market orders to utilize
their information-processing capacity and speed advantage. Their faster orders, which are based
on more updated information, pick off orders that react more slowly to information arrival. This
generates adverse selection and has a negative impact on market liquidity. On the other hand,
Jovanovic and Menveld (2011) and Hoffman (2014) argue that HF traders who act as liquidity
suppliers are able to update quotes quickly after news arrival and thus reduce adverse selection
risk.

The U.S. Treasury market provides a unique opportunity to analyze the relationship between
HF trading, news arrival and market quality. As one of the largest financial markets, with daily
trading volume that is nearly five times that of the U.S. equity market, the Treasury market has

a unique market microstructure as both an interdealer market and a limit order market with no

!'As noted in Hendershott and Riordan (2013) and Chlistalla (2011) among others, HF trading or HFT is a subset
of market activities carried out by computers known as Algorithmic Trading or AT. This paper focuses on trading
activities that are carried out by machines at a very high speed, and thus we refer to these activities as HF trading

throughout the paper.
2See “Speed and market complexity hamper regulation” Financial Times, October 7, 2011.



intervention from market makers. It is open virtually around the clock, with active trading ac-
tivities taking place around pre-scheduled macroeconomic news releases. More importantly, pre-
scheduled announcements in the U.S. Treasury market offer an ideal setting to assess the im-
pact of HF trading. Pre-scheduled macroeconomic news announcements, which are the main
drivers of Treasury security prices, are arguably among the most significant market events.® Pre-
and post-announcement periods represent very different informational environments. The pre-
announcement period is characterized by a relatively quiet market with pending information arrival,
whereas the post-announcement period is characterized by the arrival of more precise economic
signals about macroeconomic fundamentals and the resolution of public information shocks. In
light of these important features, we analyze the characteristics of HF trading around pre-scheduled
news announcements, i.e., how it affects market liquidity and price efficiency, as well as how the
role of HF trading changes with the magnitude of public information shocks.

The data used in our study are obtained from BrokerTec, a major trading platform for on-the-
run secondary U.S. Treasury securities. The data contain tick-by-tick observations of transactions
and limit order submissions, alternations, and cancelations for 2-, 5- and 10-year notes. Since there
is no readily available identifier in the data to distinguish automatic trading activities from manual
activities, we propose a procedure to identify HF trades and limit orders based on the speed of order
placement or subsequent alterations of the orders. Specifically, using information on the time of
order submission in reponse to changes in market conditions, and any subsequent alterations, such
as cancelation or execution, we classify HF trades and orders as those that are placed at a speed
deemed beyond manual capacity. After identifying HF activities, we examine the causal effect of

HF activities on market quality. We recognize that HF activities and variables capturing market

3A vast literature has examined the effect of macroeconomic news announcements in U.S. Treasury markets.
Fleming and Remolona (1997) and Andersen et al. (2003, 2007) find that the largest price changes are mostly associ-
ated with macroeconomic news announcements in the Treasury spot and futures markets. Balduzzi, Elton and Green
(2001), Fleming and Remolona (1999), Green (2004) and Hoerdahl, Remolona and Valente (2012) point out that the
price discovery process for bond prices mainly occurs around major macroeconomic news announcements, and the
same announcements are responsible for changes in risk premiums across different maturities. Menkveld, Sarkar and
van der Wel (2012) record similar findings for 30-year Treasury bond futures. Pasquariello and Vega (2007) find that
private information manifests on announcement days with larger belief dispersion.



quality could be endogenously determined. To establish causality, we use the introduction of i-
Cross,* a co-location event, on BrokerTec as an instrument. The co-location service reduces the
response time between HF activities and BrokerTec. It thus enables HF activities to react faster to
information arrival and changes in market conditions, but does not have any other direct impact
on market quality. We use this co-location event to identify the causal effects of HF activities on
market quality.

We find that both HF market orders and limit orders increase following announcements and
that the magnitude of their increase relative to the pre-announcement period is larger than the
overall sample. The ratio of post-announcement HF volume relative to pre-announcement volume
is significantly larger than that of the overall sample. This is consistent with predictions from the
theoretical literature, such as Foucault, Hombert and Rosu (2013), Hoffman (2014), Jovanovic and
Menkveld (2011), and Martinez and Rosu (2013), that the HF participation rate increases with
news arrival.

We then examine how HF activities affect market liquidity around public information arrival.
Theoretical models offer different predictions on how HF affects market liquidity upon public
information arrival. In models that feature HF traders as market makers, such as Jovanovic and
Menveld (2011) and Hoffman (2014), HF traders are able to update their quotes quickly upon news
arrival. This reduces adverse selection risk. Alternatively, if HF traders use only market orders,
these traders use either their speed advantage (as in Foucault, Hombert and Rosu (2013)) or better
information-processing capacity, (or both as in Biais, Foucault and Moinas (2011) and Martinez
and Rosu (2013)) to act as informed traders. This increases adverse selection risk and worsens
market liquidity.

We find that an abnormal increase in HF activities leads to a significant increase in spreads

preceding macroeconomic news announcements. The positive impact on spreads mainly comes

4According to ICAP, “i-Cross is a premium connectivity service from ICAP that provides API customers with
a low-latency, high-speed connection...., i-Cross facilitates the housing of customers’ hardware at a common data
facility with ICAP. i-Cross provides a co-location solution for U.S. Treasury trading via BrokerTec in North America
(Secaucus, NJ).” See www.icap.com/ /media/Files/I/Icap-Corp/pdfs/i-Cross-sheet.pdf.



from HF trades. Following the announcements, our results are consistent with Biais, Foucault and
Moinas (2011), Foucault, Hombert and Rosu (2013) and Martinez and Rosu (2013), in that HF
activities have a negative impact on liquidity upon public information arrival. Overall HF activities
significantly reduces depth both at the best quotes and behind the best quotes. Disentangling the
impact of HF trades and HF limit orders, we find that the negative impact on depth at the best
quotes comes from HF trades, while that on behind best quotes comes from HF orders. Overall,
our findings indicate that HF trades act as informed traders. They are associated with widening
of spreads with pending public information arrival and with limit orders being placed at a less
aggressive level to avoid being picked off following public information arrival.

On the other hand, our findings indicate that overall HF activities improve price efficiency.
An abnormal increase in HF activities significantly reduces the absolute autocorrelation of returns
during both the pre- and post-announcement periods. The improvement in price efficiency mainly
comes from HF trades, especially during the post-announcement period. This finding is consistent
with Martinez and Rosu (2013) that HF trades incorporate information into prices quickly upon
information arrival. On the other hand, HF orders have no significant effect on price efficiency
before announcements and they have a negative impact on price efficiency after announcements.

The existing literature mainly focuses on the overall impact of HF trading on market quality
in normal times (e.g., Hendershott, Jones and Menkveld (2011); Hasbrouck and Saar (2013); Bro-
gaard, Hendershott and Riorda (2013); Boehmer, Fong and Wu (2012); Scholtus and van Dijk
(2012) for equity markets; and Chaboud, Chiquoine, Hjalmarsson and Vega (2014) for foreign
exchange markets). They find that the impact of HF activities improves liquidity and price ef-
ficiency in general. Hendershott, Jones and Menkveld (2011) using NYSE data, and Menkveld
(2013) using Chi-X data, show that HF activities are associated with lower spreads. Hasbrouck
and Saar (2013) find that HFT is associated with deeper overall depth, while Hendershott, Jones
and Menkveld (2011) find that quoted depth declines with autoquote. Our study extends the exist-
ing literature by demonstrating that HF activities around significant information events negatively

affect market liquidity. Looking at price efficiency, Chaboud et al. (2014) find that HF activities



reduce triangular arbitrage opportunities. Brogaard, Hendershott and Riordan (2013) find that HF
trades are informative. Our study confirms and extends their findings that HF trades improve price
efficiency during both the pre-announcement period and the post-announcement periods. A related
paper is the study by Scholtus and van Dijk (2012) that explores the role of speed in HF trading
around major macroeconomic announcements in the U.S. equity market.

The remainder of this paper is structured as follows. Section 2 introduces the data set employed
in the empirical analysis and describes in detail the procedure used to identify HF trades and orders.

Section 3 discusses the empirical results, and the final section concludes.

2 Data

2.1 Market Activities around News Announcements

Data on pre-scheduled macroeconomic news announcements and the survey of market participants
are obtained from Bloomberg. Following Pasquariello and Vega (2007), the list of announcements
was compiled to ensure that all important news items are included in our analysis. The full list
contains 31 pre-scheduled announcements. Table 1 reports the day and time of announcement
for each news item. The majority of announcements occur at 8:30 a.m. ET and 10:00 a.m. ET.
Following Balduzzi, Elton and Green (2001); Andersen et al. (2003, 2007); and Pasquariello and

Vega (2007), we compute the standardized announcement surprise for each news item as follows:

Api — E
SURy, = &t Bt p =12 ... K,t=12.T (1)

Ok
where Ay, is the actual value of announcement k on day ¢, Ej, is the median forecast of the
announcement k on day ¢ and oy, is the time-series standard deviation of Ay ;—Ej;,t =1,2,--- | T.
The standardized announcement surprise is used in our study as a measure of unexpected public
information shock. As shown in Balduzzi, Elton and Green (2001), professional forecasts based
on surveys are neither biased nor stale.
The data on U.S. Treasury securities used in our study are obtained from BrokerTec, an inter-

dealer Electronic Communication Network (ECN) platform of the U.S. Treasury secondary market,

6



owned by the largest interdealer brokerage (IDB) firm, ICAP PLC. Prior to 1999, the majority of
interdealer trading of U.S. Treasuries occurred through interdealer brokers. Since then, two major
ECNs have emerged: eSpeed and BrokerTec. Trading of on-the-run U.S. Treasury securities has
mostly, if not completely, migrated to electronic platforms.’> According to Barclay, Hendershott
and Kotz (2006), the electronic market accounted for 75.2%, 83.5% and 84.5% of the trading of
the 2-, 5- and 10-year notes, respectively, during the period from January 2001 to November 2002.
By the end of 2004, over 95% of interdealer trading of active issues occurred on electronic plat-
forms. BrokerTec is more active in the trading of 2-, 3-, 5- and 10-year notes, while eSpeed is
more active in the trading of 30-year bonds. The BrokerTec data used in our study contain tick-
by-tick observations of transactions as well as limit order submissions and subsequent alterations
and cancellations for on-the-run 2-, 5- and 10-year U.S. Treasury notes. It includes the time stamp
of transactions and limit order submissions as well as their subsequent alterations, the quantity
entered and/or cancelled, the side of the market involved and, in the case of a transaction, an ag-
gressor indicator indicating whether the transaction is buyer- or seller-initiated. The sample period
is from January 3, 2006 to December 29, 2011.

In our empirical analysis, we focus on HF trading activities around news announcements. We
define the 15-minute interval prior to the announcement as the pre-announcement period and the
15-minute interval following the announcement as the post-announcement period. For all three
maturities, we compute the average relative bid-ask spread and the average depth of the limit
order book both at the best quotes and behind the best quotes ($ million) at the end of each 1-
minute interval during both the pre-announcement period and the post-announcement periods. The
summary statistics of the liquidity variables around announcements are shown in Table 2.

Figure 1 plots the patterns of market activities around news announcements. For the purpose
of comparison, market activities at the same time on days without announcements are also plotted.
The plots are for the 2-year note. The patterns for other maturities are similar and thus are not

reported for the sake of brevity. Compared with non-announcement days, the bid-ask spread on

SFor an excellent review of the transition to ECNSs in the secondary U.S. Treasury market, please refer to Mizrach
and Neely (2006).



announcement days starts to increase and peaks right before the announcement. Both depth at the
best quotes and depth behind the best quotes start to drop substantially before announcement time.
The drop is more pronounced for depth at the best quotes. This indicates that dealers withdraw their
orders to avoid being picked off right before public information arrival. This finding is consistent
with evidence using an earlier sample documented in Fleming and Remolona (1999) and Jiang,
Lo and Verdelhan (2011). After public information arrives, bid-ask spread reverts quickly to the
pre-announcement level. Both depth at the best quotes and depth behind the best quotes increase

gradually after a news announcement and are back almost to the level of non-announcement days.

2.2 HF Trades and Orders: Identification and Summary Statistics

The BrokerTec data include reference numbers that provide information on the timing of an order
submission and its subsequent execution, alteration or cancellation. Using this information, we
identify HF activities based on the reaction time to changes in market conditions. We recognize that
HF activities could be supplying liquidity to the market or demanding liquidity from the market.
We classify those trades and orders as HF trades and orders if they are placed at a speed deemed
beyond manual capacity. Specifically, the following criterion is used to identify HF trades (HFTR

hereafter):

e HFTR — Market orders (buy or sell) that are placed within a second of a change in the best

quote on either side of the market (highest bid or lowest ask).

The following criteria are used to identify HF orders (HFLO hereafter) in three different cate-

gories:

e HFLOI1 — Limit orders (buy or sell) that are cancelled or modified within one second of their

placements, regardless of changes in market conditions;

e HFLO2 - Limit orders (buy or sell) at the best quotes that are modified within one second of

a change of the best quotes on either side of the market (highest bid or lowest ask);



e HFLO3 — Limit orders (buy or sell) at the second-best quote that are modified within one

second of a change of the best quote on either side of the market (highest bid or lowest ask).

The above procedure is specifically designed to identify HF trades and orders on the basis of
the speed at which they are submitted, executed or altered. In fact, the procedure for identifying
HFLOLI is similar in spirit to the one proposed by Hasbrouck and Saar (2013) in identifying low
latency orders. We exclude those orders deleted by the central system, orders deleted by the proxy,
stop orders, and passive orders that are automatically converted by the system to aggressive or-
ders due to a locked market.® Nevertheless, we recognize that non-HF orders can be mistakenly
identified as HF orders if non-HF orders are placed earlier but arrive within one second of market
condition changes. Similarly, some HF orders may be classified as non-HF orders if they arrive at
the system beyond one second of market condition changes. As a result, some non-HF trades and
orders may be labelled incorrectly as HF trades and orders, and vice versa. That is, the above pro-
cedure is not perfect for identifying HF trades and orders per se. We note that more than 90% of the
HF orders identified come from HFLOI1 (Table 3), which are orders cancelled or modified within
less than one second of their placement, regardless of market condition changes. These orders
are unlikely to be placed manually by dealers. As documented in existing studies (see Scholtus
and van Dijk (2012)), speed is the most important advantage of HF trading.” Thus, our procedure
captures the most salient feature of HF trading.

Figure 2 shows the ratio of overall HF activities, defined as the total monthly volume of HF
trades and orders, to the total volume of trades and limit orders submitted over the sample period.
The ratio of HF activities increases substantially over the sample period. As such, there is a poten-

tial time trend in most of the trading activity variables. In fact, over our sample period the ratio of

0n the BrokerTec platform, the percentages of these types of orders account for 1.5%, 1% and 0.8% of the total

number of orders for the 2-, 5- and 10-year notes, respectively.
"This is supported by evidence that traders compete to locate their servers close to exchanges in order to re-

duce the latency in managing their orders. One example is Thomson Reuters Hosting Solutions - Prime Brokerage
(http://thomsonreuters.com/financial/thomson-reuters-elektron/) “We host algorithmic trading applications at our data
centers located in close proximity to the world’s leading financial centers .... We manage algorithmic trading applica-
tions co-located in exchange data centers...Market data is delivered with ultra-low latency from the markets”



HF orders and trades has increased from 24% in the first quarter of 2006 to 40% in the last quarter
of 2011. Therefore, we construct measures of abnormal HF trading activities around macroeco-
nomic news announcements in our analysis to remove the potential time trend. Similar to Bamber
(1987) and Ajinkya and Jain (1989), the abnormal volume of HF trades and orders is computed
as the dollar volume of actual HF trades and orders in excess of the average dollar volume of HF

trades and orders over the same 1-minute interval over the past five non-announcement days:

HFTR; iy = HFTR, 0, — ZHFTRt M) (2)
HFLO} e = HFLO, ZHFLOt M) (3)
k 1

where HI'T'R, | M) and HF LOt M) denote the dollar volume of HF trades and orders within
the 7' 1-minute interval on announcement day ¢, H F’ TRt o 1M (i) and HF' LOi\i %1 M) denote the
dollar volume of HF trades and orders during the same 1-minute interval over the past k& non-
announcement days, where £ = 1,...,5. The matching to the same 1-minute interval over the
past non-announcement days also helps to adjust for potential intraday seasonality in HF trading
activities.

Table 3 reports summary statistics of HF trades and orders and overall trades and orders for
all three notes during both the pre-announcement period and the post-announcement period. The
results in Panel A show that HF orders identified are around one-third of all orders for all three
maturities. Both HF orders and all limit orders more than double following announcements. The
magnitude of the increase in HF orders is larger than that of the overall market. The daily average
ratio of post-announcement HFLO volume relative to their pre-announcement volume is signif-
icantly larger than that of all limit order volume. Panel B shows that the HF trades identified
are around one-quarter of the overall trade volume for all three maturities. Similar to the case
for HF orders, HF trades increase after announcements and the daily average ratio of HF trade
volume during the post-announcement period relative to the pre-announcement period is signifi-

cantly larger than that of the overall trade volume. Figure 2 shows the minute-by-minute volume
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of HFTR and HFLO for the 2-year note around announcements, contrasting with the same time on
non-announcement days. The pattern for the 5- and 10-year notes is similar and thus not reported.
The volume of both HFTR and HFLO spikes up following macroeconomic news releases and sub-
sequently drops. Nonetheless, the volume of HFTR and HFLO on announcement days remains
higher than on non-announcement days at the end of the post-announcement interval. Together,
these findings suggest that HF activities actively respond to the arrival of public information and
conform with the predictions of the theoretical literature that the HF participation rate increases
with news arrival.

To study abnormal HF activities more closely, Panel C of Table 3 reports summary statistics of
the abnormal volume of HF trades and orders and overall trades and orders for all three Treasury
notes during both the pre- and post-announcement periods. The abnormal volume of HF trades
and orders, as well as that of the overall sample, is negative in most cases. This indicates that
HF orders and trades withdraw from the market before announcements, compared with the same
time on non-announcement days. The abnormal volume of HF activities and that of the overall
sample turns positive during the post-announcement interval. This indicates that both HF trades
and orders, like their overall sample counterpart, are more active after information arrival compared

with non-announcement days.

3 Empirical Analysis
3.1 Instruments for HF Activities

The main goal of the analysis is to investigate the effect of HF activities on liquidity and price
efficiency around macroeconomic announcements. More specifically, we build upon Hendershott,
Jones and Menkveld (2011) and formally test the relationship between our proposed measures of
HF activities and market liquidity and price efficiency during the 15-minutes preceding the an-

nouncement times and the 15-minutes following the announcement times, respectively, as follows:
Xirj) = o + Vi) + BHFugy + ¢ Cantg) + Mir(s)s “)
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where X;;(;) denotes a measure of liquidity or price efficiency computed for the U.S. Treasury note
¢, in minute j during day ¢. H Fj,(;) denotes our measure of HF activities. ; is a bond-specific fixed
effect. 7;(;) is a minute-of-the-interval dummy variable. Cj ;) is a set of variables controlling for
market conditions. In this paper, we use the absolute change in mid-quote as a proxy for volatility
and term spread as variables controlling for market conditions. To control for potential time trend
and seasonalities, as evident in Figure 1 and Figure 2, the variables Xj(;), H Fj; ;) and Cjy;) are
constructed as the difference between their value in minute j during the announcement day ¢ and
their average value computed during the same minute interval over the past five non-announcement
days.

As emphasized in recent studies such as Hendershott, Jones and Menkveld (2011) and Boehmer,
Fong and Wu (2012), HF activities and market liquidity are endogenously determined. A contem-
poraneous change in HF activities and market liquidity could be due to either HF activities reacting
to changes in market liquidity or to HF activities causing changes in market liquidity. To examine
the causal relationship between HF activities and market liquidity, we follow Boehmer, Fong and
Wu (2012) and Brogaard, Hendershott and Riordan (2013) and use the introduction of a co-location
facility on the BrokerTec platform by ICAP (labelled i-Cross) at the end of 2007 as an exogenous
event. 1-Cross hosts customers’ equipment and network connectivity within two of Equinix’s In-
ternet Business Exchange centers %in the New York region, which enables a low latency data ex-
change between HF trading firms and the BrokerTec platform. In the official press release, it is
explicitly indicated that the benefits of i-Cross include “High-speed, low-latency connection” and
“faster time to market... for a range of fixed income products”’(ICAP, November 7th, 2007). The
introduction of i-Cross has provided HF trading firms with faster access to the BrokerTec platform
and to react faster to changes in market conditions or the arrival of new information. Thus, i-Cross

has had a significant impact on HF activities, but it is unlikely to be correlated with the idiosyn-

8 According to the co-location service brochure of Equinix (available at http://www.equinix.com/platform-
equinix/platform-advantages/ibx-data-centers/), International Business Exchange (IBX) data centers are built to have
“direct access to the data distribution system to allow quickly deployable interconnections.” and their infrastructure
“minimizes interference problems and permits rapid provisioning of bandwidth from a large choice of participating

providers.”
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cratic liquidity component, 7;(;), in Equation (4). Table 4 shows the impact of the introduction
of i-Cross on HF activities and variables controlling for market conditions. The introduction of i-
Cross is associated with a significant increase in the abnormal volume of overall HF activities, HF
orders (HFLO) and HF trades (HFTR). The result holds for all notes and for individual notes. The
effect is larger for longer maturity 5- and 10-year notes. On the other hand, there is no consistent
relationship between the introduction of i-Cross and variables controlling for market conditions.
In our empirical investigation, we adopt an instrumental variable approach, beginning with the

estimation of the following first-stage regression:
HFyjy = a; + v + BQu) + (P/Cit(j) + Eit(5)> 5)

where H Fj,(;) is the dependent variable capturing abnormal HF activities; (0 (;) is a dummy vari-
able that equals O during the period between January 1, 2006 and November 7, 2007 and 1 after
January 1, 2008; a; is a bond-specific fixed effect; 7;;(;) is a minute-of-the-interval dummy variable
capturing potential seasonal patterns around announcement times,; and Cj(;) includes volatility,
term spread and absolute standardized surprise during the post-announcement period.

The estimates from Equation (5) are used in the second stage, which we estimate the following
equation:

Xit(j) = 06 + Yarj) + BHF 5y + SD/Cit(j) + Nit(5)> (6)

where ﬁit(j) is the predicted value from Equation (5), and Cj ;) is a vector of control variables,
including volatility, term spread and three lags of X;;(;). The number of lags of dependent variables
in the regression is based on the Akaike information criterion (AIC). We confirm that the estimation
results remain qualitatively similar using five lags in Equation (6). In the post-announcement
period, we also include an absolute standardized surprise and incorporate the interaction of HF
variables with the absolute standardized surprise to analyze the role of public information shocks
and whether the role of HF activities depends on them. ~;(;) is a minute-of-the-interval dummy
variable capturing potential seasonal patterns of liquidity variables around announcement times,

as shown in Figure 1. Xj;(;) is abnormal liquidity variables, i.e., bid-ask spread, depth at the best

13



quotes and depth behind the best quotes. Abnormal liquidity variables are constructed similarly
to those for HF trades and orders in Equation (2) and Equation (3). More specifically, we define
abnormal bid-ask spread, abnormal depth at the best quotes and abnormal depth behind the best
quotes as:

5
1
SPRD; v = SPRDMM@——EEZSPRDQQMWM

k=1

5
1
DPTHES = DPTmﬁan—gEZDPTﬂfﬁﬁ@,
k=1

5
\ 1
DPTHPL, = DPT&%WU—gEZDPTmﬁﬁﬁg (7
k=1

In the second-stage regression for price efficiency, we use the log absolute autocorrelation of
mid-quote, calculated from tick-by-tick returns based on mid-quote at each transaction over the
five-minute interval as a proxy for price efficiency, as in Boehmer and Kelley (2010) and Boehmer,

Fong and Wu (2012). More specifically, we estimate:

log |ACy sn(it1)) = @i + Yasm(i1r + BHFisnigivn) + € Ciesnigivn) + Niesnm+1), (®)

where log |AC} 5 M(i+1)|) is the log absolute autocorrelation of quotes mid-price calculated from
tick-by-tick returns based on mid-quote at each transaction over five-minute intervals, ﬁl\fit(j)
is the predicted value from Equation (5) estimated over five-minute intervals. Cj ;) is a vector of
control variables, including term spread, volatility and, in the post-announcement interval, absolute

news surprise and the interaction of HF variables with absolute standardized surprise.

3.2 The Impact of HF Activities on Market Liquidity and Price Efficiency

In this section, we examine the impact of HF trading activities on market liquidity and price effi-
ciency. Table 5 reports the results on market liquidity. We look at the impact of overall HF activities
in Model 1 and the impact of HF orders and HF trades separately in Model 2. HF activities tend to

worsen liquidity both before and after announcements. During the pre-announcement period, HF
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activities on the whole significantly widen abnormal relative spreads (x 10,000) by 0.0002 basis
points as shown in Model 1 in Panel A. Given an overall HF standard deviation of 927.61 for the 2-
year note, a one-standard-deviation change in overall HF is associated with a 927.61*0.0002=0.18
basis points, which represents 0.18 x 100/0.85 = a 22.1% increase in the relative spread for the 2-
year note. Similar calculations show that a one-standard-deviation change in overall HF activities
leads to 12% and 5% increases in the relative spreads for the 5- and 10-year notes, respectively.
Disentangling the impact of HF orders and HF trades, the widening impact on abnormal relative
spreads comes from abnormal HF trades. An abnormal increase in HFTR causes a significant drop
in relative spreads. Abnormal HFLO, on the other hand, causes a significant narrowing of relative
spreads.

HF activities also lead to deepening of depth at a less aggressive level during the pre-announcement
period. We find that overall HF activities significantly increase depth behind the best quote (Model
1 in Panel C), while they have no significant impact on the best quotes (Model 1 in Panel B). A
one-standard-deviation increase in overall HF activities is associated with 138.40, 95.97 and 72.37
million increases in depth behind the best quotes for the 2-, 5- and 10-year notes, respectively. This
is equivalent to 4.4%, 11.5% and 8.5% increases in the behind best quotes for the 2-, 5- and 10-year
notes. Further, the positive impact of HF activities on depth behind the best quotes comes from HF
orders. An abnormal increase in HFLO is associated with a significantly positive impact on depth
behind best quotes (Model 2 in Panel C), while an abnormal increase in HF trades significantly
reduces depth behind the best quotes.

During the post-announcement period,we find that HF activities have a negative impact on
depth, while they have no significant impact on bid-ask spreads. An increase in abnormal overall
HF activities significantly reduces depth both at the best quotes (Model 1a in Panel B) and behind
the best quotes (Model 1a in Panel C). A one-standard-deviation increase in overall HF activities is
associated with drops of 58.53, 38.65, 30.91 million in depth at the best quotes, which is equivalent
to drops of 11.50%, 47.86% and 41.52% in depth at the best quotes. Similarly, a one-standard-

deviation increase in overall HF activities is associated with drops of 17.08%, 43.83% and 32.86%
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in depth behind best quotes. Disentangling the impact of HF trades and orders, we find that the
HFTR has a significantly negative impact on the depth at the best quotes (Model 2a of Panel
B) while it has a significantly positive impact on depth behind best quotes (Model 2a of Panel
C). These results suggest that HF trades potentially act as informed trades so that limit orders
are placed at less aggressive levels to avoid being picked off. On the other hand, more HFLO
significantly increases depth at the best quotes, while it reduces depth behind the best quotes.

We further study whether the impact of HF activities changes with the magnitude of public
information shocks. The interaction of |SU Ry, 4(;)| with HF variables has no significant effect on
bid-ask spread and depth at the best quotes. However, a larger |SU Ry, ;(;| intensifies the impact of
HF variables on depth behind the best quotes. The interaction term of HF variables with |SU Ry, ()|
is the same sign as those for HF variables. For example, a larger absolute announcement surprise
enlarges the negative impact of abnormal overall HF activities on depth behind the best quotes with
the coefficient of HF x |SU R| being negative and statistically significant at the 1 % level. The
results suggest that overall HF activities causes a larger drop in behind best depth with a larger
public information shock.

Table 6 reports the results on price efficiency. We find that overall HF activities improves price
efficiency during both the pre- and post-announcement periods. The i-Cross instrument of overall
HF activities is significantly negative (Model 1, Model 1a and Model 1b), implying that overall HF
activities reduces the absolute autocorrelation of returns around announcements. Disentangling
the impact of HF trades and orders, we find that the improvement in price efficiency comes from
HF trades during both the pre- and post-announcement periods. The coefficients associated with
HF trades are significantly negative in Model 2, Model 2a and Model 2b, while those associated
with HF orders are either insignificant (Model 2) or significantly positive (Model 2a and Model
2b). Thus, while HF trades have a negative impact on market liquidity, they help to incorporate
information into prices. However, the magnitude of public information shocks tends to counteract
the impact of overall HF activities and HF trades on price efficiency. The coefficients of HF' X

|[SUR| and HFTR x |SUR)| are both significantly positive at the 1% level. The results suggest
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that a larger public information shock slows the process by which overall HF activities and HF

trades incorporate information into prices.

4 Robustness and Extensions

This section checks the robustness and presents refinement of the results reported in the previous
section. More specifically, we examine examine whether our main results depend on the impor-
tance of announcements. We also check whether using a shorter threshold than one second affects
the pattern of HF trades and orders around announcements. Lastly, we analyze whether our results

are robust to the unique workup process in the Treasury securities market

4.1 Impact of Important Announcements

We first analyze whether the impact of HF activities depends on the significance of announcements.
The set of announcements included is based on the Bloomberg relevance index and is perceived
to be important in the literature. We include seven announcements: CPI, Change in Nonfarm
Payroll, Initial Unemployment Claims, Consumer Confidence Index, GDP Advance, ISM Non-
manufacturing and Retail Sales.

Table 7 reports the results on liquidity variables using observations in the 15-minute interval
around these announcements. We find that our results are robust to the significance of the an-
nouncement. The sign and significance of the coefficients are largely similar to the case of using
all announcements. During the pre-announcement period for important announcements, overall
HF activities significantly widens spreads, has no impact on depth at best quotes, deepens depth
behind best quotes and improves price efficiency. The impact of HF activities seems to be larger
for important announcements. In particular, the coefficient capturing the impact of abnormal over-
all HF activities on abnormal relative spread is almost three times that for the all-announcements
case. During the post-announcement period, the results for liquidity variables are similar to the
case for all announcements, except that overall HF activities actually widens spreads, as shown in

Model 1b in Panel A. The positive impact on spreads comes from HF trades, in which the asso-
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ciated coefficient almost doubles that for the case using all announcements. Table 8 reports the
impact of HF activities on price efficiency after important announcements. We find that abnormal
overall HF activities does not have a statistically significant impact on absolute autocorrelation. HF
trades continues to improve price efficiency during the post-announcement period, but its effect is

cancelled out by that of HF orders.

4.2 Alternative timing classification

Kosinky (2013) reports that “human reaction times are in the order of 200 milliseconds.” As a
robustness check for our use of a 1-second threshold in classifying HF activities, we use 200
milliseconds as a threshold to see whether the pattern of HF activities remains robust around an-
nouncements. Table 9 reports the HF trades and limit orders under this alternative timing classi-
fication. We find that using 200 milliseconds as the threshold does not affect the pattern of HF
activities around announcements. Although the volume of HF orders and trades drops automat-
ically as a result of using a shorter threshold, the pattern of results remains similar to those in
Table 3. The volume of all classes of HF orders and HF trades under the alternative classification
scheme still increases during the post-announcement period. Furthermore, the average daily ratio
of the volume of HF trades (orders) post-announcement to pre-announcement remains significantly
higher than the overall sample. This finding holds for all three notes. Looking at abnormal vol-
ume, the results are similar to the case of using the one-second threshold. The abnormal volume
of both HF trades and orders under the alternative classification scheme is mostly negative dur-
ing the pre-announcement period, indicating a withdrawal of orders, and they are positive during
the post-announcement period, indicating more active HF participation following macroeconomic

news releases.

4.3 Price Efficiency and the Workup Process

A unique feature of the secondary Treasury market is the workup process. As detailed in Boni and

Leach (2004), the workup process essentially gives traders who submit limit orders the right to
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expand their orders at the same price immediately after execution. Therefore, workups are periods
in which prices are frozen but trades still take place. Since our identification of HFTR depends on
changes in best quotes, a potential concern is that our measure of HF trading may potentially be
biased toward finding that it improves price efficiency.

To address this concern, we exclude trades inside a workup in calculating the absolute log au-
tocorrelation in the price-efficiency regression. This removes instances at which prices are frozen
due to the workup process. The results shown in Table 10 indicate that our findings are robust
to the workup process. During the pre-announcement period, the coefficient of overall abnor-
mal HF activities remains significantly negative, which indicates that overall HF activities im-
proves price efficiency. Both abnormal HFTR and HFLO significantly improve price efficiency,
although the coefficient of HFTR is smaller in magnitude and less significant compared with the
pre-announcement case in Table 6. During the post-announcement period, the results are simi-
lar to those in Table 6, both qualitatively and quantitatively. The overall abnormal HF activities
significantly improves price efficiency. In addition, similar to the findings in Table 6, HF trades
significantly improve price efficiency in both Model 2a and 2b, while HF orders reduce price effi-

ciency.

5 Conclusion

This paper investigates the activity of HF trading in the U.S. Treasury market around macroeco-
nomic news announcements. Using a comprehensive data set provided by BrokerTec, one of the
leading interdealer electronic trading platforms in the secondary U.S. Treasury market, we iden-
tify HF trades and orders based on the speed of their placement, alteration or cancellation that
is deemed beyond manual capacity. We examine how HF trades and orders take place around
macroeconomic news announcements, whether HF trades and orders increase or deplete market
liquidity, and the impact of HF activities in the price efficiency of the U.S. Treasury market.

Our results show that both HF trades and orders increase substantially following macroeco-

nomic news announcements. The ratio of the volume of post-announcement HF trades (orders)
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relative to the volume of pre-announcement HF trades (orders) is significantly larger than that
of the overall sample. HF trades and orders tend to have a negative impact on liquidity around
public information arrival. During the pre-announcement period, HF activities significantly widen
spreads. The positive impact on spreads comes from HF trades. During the post-announcement
period, HF activities significantly reduce depth, both at the best quotes and behind the best quotes.
The negative impact on depth at the best (behind the best) quotes comes from HF trades (HF or-
ders). On the other hand, we find that overall HF activities tend to improve price efficiency, and the
improvement comes from HF trades. An abnormal increase in HF trades significantly reduces the
absolute autocorrelation of returns during both the pre- and post-announcement periods. The mag-
nitude of the public information shocks, however, significantly offsets the improvement in price

efficiency.

20



References

Aite Group Report (2008). “U.S. Electronic Fixed Income Trading Platforms: The World Ain’t
Standing Still.”Boston.

Ajinkya, B. B. and P. C. Jain (1989). “The Behavior of Daily Stock Market Trading Volume.”

Journal of Accounting and Economics 11, 331359.

Andersen, T., T. Bollerslev, F. Diebold and C. Vega (2003). “Micro Effects of Macro Announce-

ments: Real-Time Price Discovery in Foreign Exchange.” American Economic Review 93, 38-62.

—(2007). “Real-Time Price Discovery in Global Stock, Bond and Foreign Exchange Markets.”

Journal of International Economics 73, 251-277.

Balduzzi, P., E. Elton, and C. Green (2001). “Economic News and Bond Prices: Evidence From

the U.S. Treasury Market.” Journal of Financial and Quantitative Analysis 36, 523-543.

Bamber, L. S. (1987). “Unexpected Earnings, Firm Size, and Trading Volume Around Quarterly

Earnings Announcements.” The Accounting Review 62, 510-522.

Barclay, M., T. Hendershott, and K. Kotz (2006). “Automation versus Intermediation: Evidence
from Treasuries Going off the Run.” Journal of Finance 61, 2395-2414.

Biais, B. and P. Wooley (2011). “High Frequency Trading.” University of Toulouse and LSE
Working Paper.

Biais, B., J. Hombert and P. Weill (2010). “Trading and Liquidity with Limited Cognition.” NBER
Working Paper No 16628.

Biais, B., T. Foucault and S. Moinas (2011). “Equilibrium Algorithmic Trading.” HEC Paris Work-
ing Paper.

Boehmer, E., and E. Kelley (2010). “Institutional Investors and the Informational Efficiency of
Prices.” Review of Financial Studies 22, 3563-3594.

Boehmer, E., K. Fong, and J. Wu (2012). “International Evidence on Algorithmic Trading.” ED-
HEC Business School Working Paper.

Boni, L. and C. Leach (2002). “Supply Contraction and Trading Protocol: An Examination of
Recent Changes in the U.S. Treasury Market.” Journal of Money Credit and Banking 34, 740-762.

21



— (2004). “Expandable Limit Order Markets.” Journal of Financial Markets 7, 145-189.

Brandt, M. and K. Kavajecz (2004). “Price Discovery in the US Treasury Market: The Impact of
Order Flow and Liquidity on the Yield Curve.” Journal of Finance 59, 2623-2654.

Brogaard, J., T. Hendershott and R. Riordan (2014). "High Frequency Trading and Price Discov-
ery.” Review of Financial Studies 27, 2267-2306.
Chaboud, A., B. Chiquoine, E. Hjalmarsson and C. Vega (2014). “Rise of the Machines: Algorith-

mic Trading in the Foreign Exchange Market.” Journal of Finance, forthcoming.

Chlistalla, M. (2011). “High Frequency Trading. Better than Its Reputation?” Deutsche Bank
Research Working Paper.

Clark, E. (2011). ‘The Algorithmic Hare and the Legal Tortoise: High Frequency Trading and the
Challenge for Regulators.” Griffith University Working Paper.

Cutler, D., J. Poterba, and L. Summers (1987). “What Moves Stock Prices.” NBER Working Paper
No. 2538.

Dichey, 1., K. Huang and D. Zhou (2011). “The Dark Side of Trading.” Emory University Working
Paper.

Easley, D. and M. O’Hara (2010). “Microstructure and Ambiguity.” Journal of Finance, 65, 1817-
1846.

Egginton, J., B. van Ness and R. van Ness (2012). “Quote Stuffing.” University of Mississippi
Working Paper.

Fleming, M., and E. Remolona (1997). “What Moves the Bond Market?”” Federal Reserve Bank of
New York Economic Policy Review 3, 31-50.

— (1999). “Price Formation and Liquidity in the U.S. Treasury Market: The Response to Public
Information.” Journal of Finance 54, 1901-1915.

Fleming, M. , and B. Mizrach (2009). “The Microstructure of a U.S. Treasury ECN: The BrokerTec
Platform.” Federal Reserve Bank of New York Working Paper.

Foucault, T., J. Hombert and I. Rosu (2013). “News Trading and Speed.” HEC Paris Working
Paper.

22



Green, T. (2004). “Economic News and the Impact of Trading on Bond Prices.” Journal of Finance

59, 1201-1233.

Hasbrouck, J. (2012). “High-Frequency Quoting: Measurement, Detection and Interpretation.”

New York University Working Paper.

Hasbrouck, J. and G. Saar (2013). “Low Latency Trading.” Journal of Financial Markets 16.4,
646-679.

Hendershott, T., C. Jones and A. Menkveld (2011). “Does Algorithmic Trading Improves Liquid-
ity?” Journal of Finance 66, 1-33.

Hendershott, T. and R. Riordan (2013). “Algorithmic Trading and the Market for Liquidity.” Jour-
nal of Financial and Quantitative Analysis 48, 1001-1024 .

Hirschey, N. (2013). “Do High-Frequency Traders Anticipate Buying and Selling Pressure?”” Lon-
don Business School Working Paper.

Hoerdahl, P., E. Remolona and G. Valente (2012). “Risk Premia, Macroeconomic Fundamentals

and the Yield Curve at 8:30AM.” Bank for International Settlements Working Paper.

Hoffmann, P. (2014). “A Dynamic Limit Order Market with Fast and Slow Traders.” Journal of
Financial Economics 113, 156-169.

Jiang, G., I. Lo, and A. Verdelhan (2011). “Information Shocks, Liquidity Shocks, Jumps, and
Price Discovery: Evidence from the U. S. Treasury Market.” Journal of Financial and Quantitative
Analysis 46, 527-551.

Jovanovic, B. and A. Menkveld (2011). “Middlemen in Limit-Order Markets.” New York Univer-
sity Working Paper.

Kite, S. (2010). “Algos Take Hold in Fixed-Income Markets.” Securities Technology Monitor,
February.

Kosinsky, R.J. (2013). “A Literature Review on Reaction Time ” [Online] available at http://biae.clemson.edu/bpc:
accessed 1 August 2014.

Martinez, V., and 1. Rosu (2013). “High Frequency Traders, News and Volatility.” HEC Paris
Working Paper.

Menkveld, A. (2013). “High Frequency Trading and the New Market Makers.” Journal of Finan-
cial Markets 16, 712-740.

23



Menkveld, A., A. Sarkar and M. van der Wel (2012). “Customer Order Flow, Intermediaries,
and Discovery of the Equilibrium Risk-free Rate.” Journal of Financial Quantitative Analysis 16,

571-603.

Mizrach, B., and C. Neely (2008). “Information Shares in the U.S. Treasury Market.” Journal of
Banking and Finance 32, 1221-33.

Mizrach, B. and C. Neely (2006). “The Microstructure of the U.S. Treasury.” Encyclopedia of
Complexity and Systems Science, R. A. Meyers (ed.) New York, NY: Springer-Verlag.

Moallemi, C. and M. Saglam (2011). “The Cost of Latency.” Columbia University Working Paper.

Pasquariello, P. and C. Vega (2007). “Informed and Strategic Order Flow in the Bond Markets.”
Review of Financial Studies 20, 1975-2019.

Safarik, D. (2005). “Fixed Income Meets the Black Box.” Wall Street and Technology, October.
SEC (2010). “Concept Release on Equity Market Structure.” Release No. 34-61358; File No.
S7-02-10.

Scholtus, M. and D. van Dijk (2012). “High-frequency Technical Trading: The Importance of
Speed.” Tinbergen Institute Discussion Paper No. 12-018/4.

Scholtus, M., D. van Dijk and B. Frijns (2012). “Speed, Algorithmic Trading, and Market Quality
around Macroeconomic News Announcements.” Tinbergen Institute Discussion Paper No. 2012-

121/111.

Zhang, F. (2010). “High-Frequency Trading, Stock Volatility, and Price Discovery” Yale School
of Management Working Paper.

24



S 8T IUOUI oY} JO ABpLL] ISIL] 0c8 7L ey uewkojduraun
T 6 puowr Jotxd oY) J0 YIUOW Y} JO YoM PIIY) oY) INoqy 0041 0L jo8png Ainseai],
€ 9¢ {puot 3y} Jo i 2yi punoly 0c8 CL ooue[eq opelL
S 9! {juoul a4} JO AT 9y} punory 0c8 CL SO[eS [re1oy
9 9T juouI 9y} Jo Aep ssaursnq Jsef 10 ISI 3Y) punory €8 7L Surpuadg TeuOSIog
¥ 8 Jjuowr 9y} Jo Aep ssaursnqg s aY) punory 0c8 7L QUIOOU] TRUOSIO]
% 61 uounr gaes JO Ja9m pIg 0c8 CL Idd
9 81 (P9T/WST punore) ypuow Yy Jo AepdIom yiL| 00-01 L S9[eS SWOH MaIN
€ €C quotr syl Jo |MOI/pS  00-S1/0€:8  CL ayeyg andurg AN
9 Ll [JUOUI 9} JO SABP SSUISNq M ISIY oY) pUNoIy 00:01 L xapu[ Surpea|
€ 0¢ yiuowr ay) Jo Aep ssouisnq pig 00:01 L SIOIAIRS INSIT
4 8¢ ypuowr Ay Jo Aep ssauIsnq Is | 00-01 L Xopu] INSI
IC €8 Kepsmy, yoeg 0c-8  ¢€I¢ SWIe[?) SSa[qof [entuy
€ L1 qiuowr a4} Jo QG 9yl punory Sl:6 <L uononpold [etnsnpuy
€ 61 puowr Suniodal Ay} I9)Je SYPaM ¢ 10 ¢ 0c8 7L s1e)§ Sursnoyg
I 9 AON ‘3ny ‘ABIA ‘92 JO YI6T Yl punory 0€:8  ¥¢C Areurwrpard da
(4 8 99 ‘dag “aunf ‘YoIBA JO YIYT Y} PUNOIY 0c8  ¥C [eUld dAD
[4 L 190 ANy ‘[udy ‘uef Jo YiLg oyl punory 0e8  ¥C OUBAPY dAD
0 0 TeoA 1od s3uneswr ponpayos A[ren3ar sy  S1:H1/0€:C1 ¥ uoIsId(J a1ty DINOA
V'N V'N Sunesuwr HINO 2y} I0je syjeam a1y} A[erewrxorddy 0041 a4 souIN DINOA
V'N V'N SUNASIA dapIIIo)) I IBA uadQ [B19pa yoee 03 Jouid syoom om], 00:%1 St yoog a81og s, pod
¥ w [juow 3y} Jo Aep ssaursnq Isiy Y} punoIy 00:01 L s19pI0 A10)08]
€ 1C qiuour a4} Jo QIS¢ 9yl punory 00-01 L SO[ES QWOH SunsIXy
%4 L1 {Juol 9y} JO YI9T 2y} punoly 0¢8 89 SI9pIQ spooh s[qeng
€ 0¢ puont 9y} Jo 9] punory 0c8 CL IdO
€ T qJuowt Ay} Jo YIGZ Y} punory 00:01 L XopuJ 90Uuapyuo)) IoWnsuo))
L 12 Jjuowr 3y} JO pug/IST Y} punory 00:01 L Surpuadg uononnsuo)
T 97 JUOUI oY} JO ABPLL] ISIL] 0€:8 7L S[[0ikeq waejuoN ul aSuey))
4 LT puont 9t Jo WO T/YPST Ay} punoly SI'6 <L uonezin Aroede)
€ L1 Juow 9y} Jo YIS] Y} punory 00:01 L SOLIOJUQAU] SSauIsng
[4 194 (YIST/PC punore) yruow ay) Jo Kepyiom yg| 0c8 CL siuLRd Surp[mg
cse<lyaslyy  o<linsin feq uuLy, N SJUAURIUNOUU Y

-91qeoridde jou sayedIpul "y'N “UONEBIAID PIepue)s )1 uey) 19JeaId sown ¥ st iey) osudins 9)n[osqe ue yiim SJusadunouue Jo Joquinu
oy sarouap “¢<I¥ASINg “sosudins JuswoounoUUR JO UONRBIASP PIEPUR)S Y] SIJOUIP O WAL SMAU (OB JO JUSWAOUNOUUE 3y} I0] YIUOW 3} JO ABp 10
Kepyoom 2y} s3j0uap Ap(7 “JUSWRdUNOUUE JY} JO (PIEpUR)S UISISER) QW) Y} SJOUSP 2ui1] "1 10T ‘6 F2qUISd(T 01 9007 ‘¢ Arenue[ woij porrad ojdures

Ino mgﬁsﬁ sjuauwadunouue JO Jaquunu [ejo) ay) sajouap N .mﬁw\ﬁdﬂm INO Ul papnjour Sjusaadunouue SMau dTou0d30.15ell JO IS1] Y} muhOQD.H Q[qe) SIy,

SIUAWIUNOUUY SMIN J[WOUOIIOIIR]A] JO ISI'T
I d1qBL

25



00¥¥9C  00°€1e  8T'€06 00°8LL 06'60T1 006661 00C0C PELIL 00665 81'¢68 (Il §) yse pue piq Isaq puryaq ypdag
00°¢ST 00°0¢ 69°8S 00°LS SYvL 00°LeT  00°¢T L6°ES 0097 0829 (T §) yse pue piq 1saq e da
01°¢ 'l 090 LS'T (40! ere €Sl 880 LS'T £6'l (000°01 ) peardg aane[y
Jjou IBIL-() |

00°6€0C  00'80¢  8S08L 00°0¢8 Y1°0v01 008991 00961  09°SOL 00'T€9 17678  (I'w $) yse pue piq 1saq puryaq ydoq

00°¢91 00°¢C Ge19 00°¢9 ¥L'08 00°S¥1 00°6I 16°8¢ 00°Cs 0889 (Trur §) yyse pue piq 1saq e doq
9¢°'1 LLO £€0 8L°0 760 LG'T LLO L0 8L°0 10°1 (000°01 ) peaxds oAne[oy
Jjou JBIHA-G
00°LI8L 00°8C0T 6£095C 00°8I8¢  LO'I¥OV 00°€Y0L  00°S09 8¥'8IST  00°€PPT  OL'vPIE (I §) yse pue piqisaq puryeq ypdoq
00CE0T  00°€01 £6'19¢ 00cey cLY0S 009¢6 0099 10°0s¢€ 00°6¢€ 8I°LTY (T ) yse pue piq 1s9q Je Yydog
6L°0 8L°0 81°0 8L°0 €80 6L°0 8L°0 0 8L°0 680 (000°01 x) peaids aane[oy
Jjou IeIAL-7

%06 %01 als NVIQdIN NVHA %06 %01 alrs NVIAdIN NVHN

porxad judurddunouue-3soq porxad Judurddunouue-dIg
"S9[qeLIRA

Aypmbry o Jo omuedrad Yige pue YO Yl pue ((LS) UOIIBIASD PIEPUR)S ‘UBIPIW ‘UedwW 2y} 1J0daI 9\ "1T0T ‘6T FoqUIdd9( 01 900T ‘€ ATenue[ woy
porrad odwes ay) Sunmp (1w §) st pue piq Isaq oyl puryaq yidop a8eroae pue ([T §) yse pue piq 1soq Je Yidop a5eroae ‘peards Jse-piq dAnR[I o4
apnjour s9[qeLeA AJIpIbI *S[BAISUI JJNUIW-| JIAO PASeIdAR A1 s9[qerrea ANpibr “(pouad juswasounouue-jsod y)) SJUSWIOUNOUUE FUIMO[[0] puB

(pourad jusweounouue-a1d ay}) syuswadUnouue Jurpadald [eAIUI nuUIW-G Y} Ul s9[qelea Aypimbrp jo sonsnels Arewrwns ayy syrodar o[qes oy,

s9[qerieA Aypmbry jo sdnsnels Lrewnung
¢9IqEL

26



27

PI'OLL [{X%3% 69098 11°09- 0s9¢cl 9C'9 SI9PIO jo3Ieul [eruiouqe
Ly'61C 90°¢- 18°65C ves- £0°€ST yeel UL4H [ewiouqe
IL°€9T€C  6v'06<th- SLOLELT TS EVIS- S6'VCI8E LS I9LY- SI9pI10 JIwl [euLIOUqe
Y6'LY601  66°TSPI- €0600¢l  8TYTII- 66'961€1  €L'€66" O’14H [ewLIouqe
SIIPIO JIIBW PUE JIWI] [EULIOUQY :)) [dUBJ
##xLC°0 6LS9081  €SL°S06 #xx7€°0 L8C90C  €19°L901 90t'€€ST  661°CLLT SI9pI0 JoyIeW [[V
6C0LY 8CCLT LO'LSS ¥9°9LT ¥9'108 €6'17C d1dH
SIIPIO JIBIA ¢ [PUeq
##x€6°0 86'8187S  €I'ESLYT #%:8%7°0 C6'6TC89  66°LIECE CC'8C88L  tC'€8TTE SI9pI0 Wl [V
c0'0LYCT  16'TPCo OV v9LLT  8L'86ICI ¥C'088SC  9¢¥L901 OTdH IV
87 TSI geeo 7681 SOvII €1779C et ¢OTdH
Ly 0¢l 9868 19°1L1 ¥£°S01 96°1¢C 69°LT1 COTdH
90°L8ITC  69°€906 LY'€OvLT  6£°6L6L1 91°98¢ST  S¢STH0l 10TdH
SIIPIO JIWI 1Y [PUe]
Hm% — Wﬁﬁ UUB-)SOJ  “UUB-dIJ % — wﬁ% ‘UUB-)SOJ  UUB-dIJ eodllV " Jeoddr UUB-ISOd  CuUE-dId
Ie3L-01 JIedh-g IedL-7

AT19A130dSa1 “STOAJ[ 9% (T IO %G ‘9 Y& QOUBOYIUSIS SAIOUDD |, IO * sy, “cossnn, V 1X9) UTRW AY) JO (§) pue (7) suonenbyg
Ul Se pauyop 21e sI9pIo pue sapel) JH [eurouqy -ajonb ([[9s) Anq 1s9q ) ur 93uByD B JO PUOIIS SUO UIYIIM payrpout 9jonb 1s9q-puodas Ay} e sI9pio
([198) Anq ywary sa10uap ¢OTIH “I9TeW Y} JO IpIs oyt uo ajonb 1s9q oy ur a8ueyod € JO PUOIIS SUO UM PayIpow 9jonb 1saq 9y} Je SIOPIO JIwI|
S9I0UP 7O TAH ‘SQSUBYD UOTIIPUOD J¥JRW JO SSI[PIe3al ‘quawaded Jo puodas QUO UIYIIM PAYIPOW JO PI[[AOULD SIOPIO JIWI] SAJouadp [QI{H 1edrew
oy} Jo opIs Joylre uo sojonb 3s9q ay) ur d3ueyYO © JO PuodIS B uryim paded s1opio ([[os) Anq JedIewl se PayIuapI e Jey) sopen) JH S9louap YIAH
"sopel} (SI9pI10) [[e JO 1By} pUB QWN[OA Juswddunouue-oxd oy} 0} 9ANR[SI (Sapesy) SI9pIo JH JO swnjoA pourad jusursounouue-jsod oy jo onyer A[rep
93eI0AE ) U9MISQ DUSIALJIP Y} IB[NO[BD OS[8 9p\ “Spolrad juswaounouue-}sod 9InuIUI-G] pue JuSWddUNOUUE-a1d 9InuI-G| 9y} 1940 (D [dued)

SIOPIO JIWI] PUE SOpe} JH Ul SWIN[OA [EULIOUQE SE [[oM Sk ‘(g [oued) sopen) JH ‘(V [oued) siopio jiwl] JH JO awnjoA a5eroae oy suiodar o[qe) siy,

SJUAWIIUNOUUY SMIN PUNOJIE SIIPI() JIWI] pPUe SIpel], JH-UON pue JH
€ dlqEL



€000 0000 *C81°0 #%xLL9L9 ##x658°L9 djou 18-

200°0 100°0 xxx90%°0 w2 LOS VI xxxC0ECIT Jou IBIL-g
1000 %0000~ L1700 #xxS09°81 %% CS9'81 Jjou IeaLk-7
000°0 000°0 xxx08C°0 w3 C0V 9 w3 C59°C9 v

peaad§ wRL,  ANWEOA  YLJH [Pwouqy QT4H [PULouqy  JH [eULIOUqY

A1oAnoadsal ‘S[OA[ 9] 10 %G ‘9% T8 QOUBIYIUIIS SAIOUP | 4., IO sy, Ccones,, ¥V SIUAWAOUNOUUR pUNOIE suIajed [euoseas Jurmided a[qeriea Awwunp
[eAIUI-oy)-jo-arnurw € st (DL pue 90950 paxy oy1dads-puoq e St %o ‘§o(z ¢ Alenue[ 10Je | pue L0 ‘L JOQUIDAON PUB 90T ‘1 Alenue[ uaamiaq
pourad oy Suump () sfenba jey ojqeLres Awwmp e st (D) ‘peards wue) pue Ane[oa “YIJH [PwIouqe ‘OTJH ewiouqe sapnpout (D¥py oroym

g Orpg 4 Ol 4w = Orgy

<1y Kurunp sso1D-1 9Y) UO SISK[BUR AT UL PISN SI[QRLIBA Y} JO [OBA SSIZaI 9py "dwn|oA W IJH

pue O T{H JO wns 9y} se pauyap ST JH [[BI0AQ "SI[qeLIeA 1910 pue Y IJH ‘O TIH dH [[BISA0 [eWIOUqe U0 SSOID-T Jo joeduwr oy smoys 9[qe) STy,

YLAH Put O'TIH ‘4H [[B19AQ [BULIOUQY UO SS01)-T Jo Jordwy
b 9IqeL

28



ISI¥°0 123540 6v1v0 43440 8L¥9°0 €9v9°0 4PV

19L1°9- LSOL 0" LT9Y0 S0TL0 195%°8 780T°C1 AymeloA
1€2K'6 PrEY 01 +86T8°61  «10LL'61 ++8088°Th-  I¥8LVI- peaids wiay,
«TL88'9  xsb6TI'S-  #ISPOO-  4x6681°S- lans|
$9€6°0" INS| X YLAH
sxxx [ [CSC wxxPSOLE #xxOCVL €1~ JLAH
8¥10°0 NSl x OTdH
1L10°0 #2200 ##+8€81°0 O1dH
90000 S| x AH
#5%68C0°0"  #45¥8T00- 8£00°0 dH
QaA:-O Js9q je -ﬂ—&@ﬂ.— - pPued
LL1O0 LL1O0 9,100 LL1O0 #1020 0002°0 Py
S€T0°0- 10€0°0- LYT0°0- 7200 ##+G861°0  #%9S81°0 ISH LIV
#£9660°0  #x6001°0 +6580°0 +0L80°0 6£71°0 88%0°0 peaidg way,
L610°0 €700°0 S020°0 8¥00°0 lans|
2000°0- lINS| X ALIH
£9500°0 £9500°0 w5 CLY00 ALIH
00000~ NS| X OTdH
1000°0- +1000°0- 35700070 OTdH
0000°0- NSl x JH
0000°0- 0000°0- 45%0000°0 dH
peaads yse-piq v pPueq

QZ9POIN BTIPOIN QI 9POIN B[ [9POIN T 19PON I 19POIN

juduRdunouue-3soq juduRdUNoOuUue-aId

"7 PAsnIpe dy3 $9j0UdP 37 (P "SIOLIS JUI)SISUOD UONIB[ILIOI0INE PUB
K3101158P0s01a1ay Fulsn ‘A[oANIadsal ‘S[OA] 9% ()] 10 %G ‘%1 Y} 1 OUBDYIUSIS SAIOUIP | 4,, IO sy, s, V AIAIQ JOJ UMOYS JOU JNQ PIpN[OUL oIk
SOIWIWIND SWN PUE $)031J0 Te $109)Ja Pax1] osLidIns smau 21n[0sqe pue Ane[oa ‘peaids wia) Surpniour Sa[qeLeA [01U09 Jo 103934 st (D) pue ¢(g)

uonenby woiy anfea paarpaid oy st (D% 1 i1 sojonb 159q puryaq ydop pue sajonb 1s9q 18 pdop ‘peards yse-piq o1 ‘sojqerrea Aypmbiy st (D% y aroym
«(Onyy 4 (On \3 + QE@Q + O 4w = SEN

‘SISK[eUR A 9} UI UOISSQI391 938IS-pu0das ay) Jo synsar ay3 suodar opqes siyJ,

Aypmbry pue sspIANOY JH
S d1qeL

29



10000 >
10000 >
10000 >

10000 >
10000 >
10000 >

JUAUWAIUNOUURB-)SOJ

JuRuRUNOUUR-3I4

d1dH
OTdH
dH

d1ISne)s 1593 J 3e)s-1sa1 Jo IanfeA-d :( [Pued

L6¥8°0
#%xx8CCT 161
#%%C080°81C

%% 1€90°08
#xx [ 1 [8°€C
#%%C996'6C
#%x6087°0-
#5xx01L9°0"

q¢ [PPON

¢8¥8°0

06ILY
#3xxLVS9°661
559V GL 19~
s [ VOGS LE

+xx79V8°0-

B [9°POIN

18%8°0

011¥'ed
#xx5 V186
*x3:0€V0CS

w3 CLTT 0"
w3 CL8T 0

91 [PFPON

€LY80

C89L°6"
#xxPPEE SO
##x£601 86"

+xx0S€€°0"

B[ [9POIN

L9€6°0

¥8¢8°9¢C

6686°09-

#xx6S19 1€~

+%x0996°0

¥9€6°0
81CSSE
S060v

w5 COV 10

PV
ArejoA
peaids uuay,
lans|

PNS| x Y1LdH

dLdH

NS| x OTIH

OTH
Ns| x 41
AH

aonQ 1s9g puryag Pdaq :D Pued

C [°PON

[ [9POIN

juduRduUnouue-)soqd

JuuRdUNOUUL-d14

30



15200 Y40 161070 €610°0 771070 62100 APV
L6S8°0- L6S8°0- £€96¢°0 €96¢°0 12cT T yIcl1- AMpneoA
0€9¢°0 0€9¢°0 906L°0 906L°0 638€1°0- €510 peardg wiay,
#%xx 10000  #xx[0000  #%%[000°0  %%%10000 NS
5100070 [NS| x ¥14H
#xxSVLE Q™ #xxSVLEO- #xx0C6€°0" ALAH
55510000 [AS| x 0T1dH
#3xE700°0  #5xE700°0 ¢100°0- OTdH
#5%1000°0 [aNs| x 4H
#x%0100°0-  #%x0100°0- #xx0500°0" dH

qC I°POIN BT [°POIN qI [°PON B[ [SPON C [SPOIN [ [PPOIN

juswaddunouue-1sod

juaurdunouue-ald

"Z&1 PaIsnipe 9y} $AJOUSP L7 (PY/ "SIOLID JUIJSISUOD UOTB[OLIOI0INE PUE AJIONSEPIdS0Ia3aY Sursn K[2A103dSAI ‘S[OAS] %) 10 %G %[ Y3 Je OUBIYIUTIS
SOIOUAP | x,, IO sy, “wosienn, V. "ANIASIQ JOJ UMOYS JOU JNQ PAPN[OUL QTB SOTWWNP W} PUB SI00HJ T ‘5109JJ9 paxt -ostidins smou aJnjosqe pue AJ[Ie[oA
‘pea1ds wLIo) SUIpN{OUI SI[RLIBA [0U0D JO 101094 ® st (D% pue (g) uonenbyg woiy anfea paorpaid oy st (D7 fr ‘[eAIOIUI 9)NUIW-9AY Y} JOAO UOTIOR
-sueJ) o€ Je djonb-pruwr uo paseq suInjal yo13-£g-3o1 Woij paje[noed 2oud-prw sajonb Jo uonearodsoIne oHEWmm@ Soroyy st (| (+)m $19y| Sor axoym

(e L Stgmﬁb\& + :tvEmi@Q 4L THIWNS R 4 2o = _:tvESDT_ So1

‘SISATeUR A 9U) UI UOISSAISaI 9581S-puodas ay) Jo s3nsal oy sytodal o[qe) SIy L,

ASudroyyy dLIJ pue SINIANDY JH

9 9IqEL

31



98Ct'0
#x1088°CI-
L6081~
#xOLYS €
*L1€0°0
10€0°0

8200
x*£€60°0
62000
x7010°0
1000°0-
1000°0-

q¢ 1°POIN

¢8Cy'0 78T¥ 0
LY8T°9- L919°6-
+xx091€ 1~
xx¥¥70°0
82000
#x£910°0-
78700 18200

¢ceco0 x*6L170°0
*[110°0
1000°0-

0000°0-

% 100070

BCIPPOIN 9T [°POIN

780 TE79°0 90+9°0 PV
8L9€°9- iy
INS| X ¥IAH
w5 S8TE LI ALdH
NS| x OT4H
##%€0€T°0 OT14H
NSl x AH
#x1510°0- 65000 dH
QH—Q——O Js9g je SHQQQ -J pued
0820°0 8€7€°0 9120 PV
8720°0 NS
INS| X ¥IAH
#xx01L0°0 JLdH
NS| x OT4H
#%€000°0- OT14H
NS| x dH
00000 #+9000°0 dH
mu&v.:mm yse-piq vy [pued

®] [9PON T 19PO I [9POIN

JUAWIAIUNOUURB-)SOJ

JuuRUNOUUR-3Ig

ks cms, YV KITAQIQ JOJ UMOUS JOU INQ POPN[OUL SIB SAIWWNP W) PUB $109JJ9 3] ‘S109)J0 paxy ‘osudins smau aynjosqe ‘Ajne[oa ‘peards wio) <39
‘So[qeLIBA [013UOD) 'SO[ES [IBIoY PUE SULIN}OBJNUBW-UON JASI ‘@0UBAPY J(D XOpuJ 90uopyuo)) Jownsuo)) ‘swre)) juswiorduwoun [enmy ‘[joikeqd

wIeyuoN ut o3uey) ‘4D 9pN[oul A3y, "sjuswaounouue jueliodulr 10y siSA[eue A Y} UI UOISSITI 958)S-puodas oy} Jo s3nsal 3y} sprodar a[qes sIy],

sjuawduUNouuy jueyroduwy 10y AJpmbr pue sanIAndY JH

L3IqEL

"2 pasnlpe oy
SAJOUAP 37" [P}/ *SIOLIS JUSISISUOD UOHB[ALIOJ0INE PUE AJION)SEPds0IAY Julsn ‘A[2AROAdSAI ‘S[9AS] %) 10 %G ‘%[ Y} J& UBIYIUSIS SAJOUIP 4, IO

32



10000 >
10000 >
1000°0 >

10000 > d1dH
98200 > O'TdH
1L€0°0 > dH

JUIWIDUNOUUB-)SOJ

JuudUNoOUUE-d14

J1spe)s 3593 J de)s-3sai g Jo anfeA-d [ [Pued

76680
L1T9°SC
#*%x59€6°¢ 1]
#*xx800€°CE
w3V L0€°0"
#%xx08CL0"

qc¢ [°PON

re80 6¢58°0
#x:0ECS L6" ¥2e6°0-

2% 8€CG9¢
+x::8078°0-
+xx9180°0-

30767 0"

BC [PPON ql [°PON

0£58°0 6v76°0 LYY60 PV
##+0€85°S6- ns|
RINS| x Y14H
5%88TE VE- A1AH
INs| x OTdH
#%x90€9°0 O TdH
NS| x dH
#4 [8CE0- #4x68L1°0 dH
3jon) 159 puryaq yda(q :) Pued

®] [9POIN T I9POIN 1 19PON

JUIWIDUNOUUR-)SOJ

JuudUNoOUUE-314

33



6C¢10°0 8¢10°0 €100 81100 LI10°0 Y1100 4PV

##x1000°0  #x%1000°0  ##x1000°0  #%%1000°0 NS
s#%1000°0 [NS| X LAH
#+G881°0"  %xS881°0" ¥861°0- A14H
2100070 laNs| x OTH
#x0€00°0  #+0€00°0 610070 OTdH
42100070 NS| x AH
20000 20000 w35 0700°0" dH
QZ [PPOIN BT IPPOIN 41 [9POIN B[ [9PON TIPPOIN [ IFPON
juswadunouue-1Sod jusuadunouue-ald

"z pasnlpe oY) soj0uap ;37" [Py *SIOLIS JUI)SISUOD UOHB[ILIO0INE PUE AJIDNSEPIISOINAY SuIsn ‘A[2ANIdSAI ‘SIAJ[ % ([ 10 %S % | Y} J& dULdIYIUTIS
QIOUIP , 4,, 1O ey, ‘e, V AIIASIQ JOJ UMOUS JOU JNQ PIPN[OUL I8 SATWLUND W) PUB SI09JJS Te[ ‘S109)J9 pax1] "asuidins smau 9Jnjosqe pue AJ1e[oA
‘praids Loy SUIPN[OUT SI[qRLIBA [0NUOD JO 101094 ® st (D) pue (g) uonenbyg woiy anfea paorpaid oy st (D% 7 7 ‘[eAIOIUI 9INUIU-9AY 3Y) J9AO UOTIOR

-sueq yoea Je djonb-prur uo paseq surmiar yon-Ag-yon woly paje[nofed aoud-prur sajonb Jo uoneariodoine aynjosqe 301 Ay S (| -+ 19| Sor exoym

C(T+mweny 4 (TH)wee \3 + (+9mg t@m\ 4 THONS Y o = Zigm 19y | 801
‘syuawaounouue juerrodwr 10J SISA[eUR A QY1 UI UOISSQI301 938IS-pu0das ay) Jo synsar oy} surodar opqes siy

sjudwRdUNoOUUy jueyroduy 10j AOUIDYJH MLIJ PUe SANIANY AH
8 9lqeL

34



IVILT eyl 80°861 €0'8- €6CIT 0ce Y 14H [ewouqe

e Es8s LY'16L- 86°0L0L L6°66L- CLLESL CeLIS O’14H [euliouqe

SIIPJO [RULIOUQY :)) [Pued

xxx7C°0 SI'vLe 0r'sel #x:LC°0 LS'8eY 6L'1¢C #%%89°0 89 viv YelIe dLdH
SIIPJ0 JIBA i [Pueq

#4%86°0 ¢SYIICl  ¥8°CLOS 4% 1670 [8°8¥0ST  9CT°65L9 #4xLY°0 ceC0IST  9v'6CS9 OTHH IV
0S°0ST 09°06 elL81 I0°TTT 08°€S¢ YO'LTIT ¢O'TdH

€9'8¢C1 8¥°C8 66891 G001 SLSTT S6'0C1 CO'TdH

8C'S88IT  9L°668% 69°C69%1  06'LYS9 9L'TO¥1  LY'16C9 10'TdH

SIIPIO JIWIT Y [PUe]

oudllV _ oudd H oudllV. _ ouddH  eyrir J— oudllV _ ouddAH  exrr J—
oodllV " yeod d I 2O T g uue-)sod  Cuue-dig 2Oy T oesrn uue-)sod  Cuue-dag

Ieaf-(1 IBIL-G IeIf-7

‘uue-jsod uue-aId

A[oA1300dSa1 ‘STOAJ[ %0 10 %G ‘9, T8 QOUBOYIUSIS SAOUDD | x,, JO sy, “consnn, V 71X UTRW Y JO (€) pue (7) suonenby ur se pauyep aIe s19pIo
pue sope1 JH [ewiouqy ‘sejonb ([[9s) Anq 1seq o) ur aSueyd JO SW((Z UIYIIM PIyIpow sajonb 1soq-puodas ay} 18 s1opio ([[9S) Anq W] SJouap
COTIH "1oIew 9y} Jo 9pIs IayjIe uo sojonb 1saq ay) ur aSueyd Jo swQg UM payipowr ajonb 1saq ay) Je SI9pI0 W] SA0uap 7O TJH "SeSueyd
UONIPUOD JaYIeW Jo ssa[pIesal quawade[d Jo sw((g UIYIIM POYIPOW IO PI[[ROURD SIOPIO W[ SAIOUSP [QTJH IoTeU 9y} JO 9pIs Iay}Ie uo sajonb
159q Y3 ut sa3ueyd Jo swQg UM pade[d s1opIo ([[9S) Anq Jo¥IeW Se Paynuap! aIe Jey) sopes} JH S9Ioudp Y IJH 'Sepen (SIapio) [[e Jo Jeyl pue
awinjoA jusurddunouue-a1d 9y} 01 dAIR[AI (sapey) s19pio JH Jo swnjoa pouad juewesunouue-1sod oy} Jo onel A[Iep 93BIOAR AU} U9MIOq SOUIJJIP
oy 91e[NOTed OS[B 9p “sporiad juswadunouue-isod pue -a1d SnNUIW-GT Y} I9A0 sanIANOE JH SUIAJISS[O UI JJOIND Y} SB SPUOIISI[[IW () SuIsn (D

[oueq) SISPIO JIWI] pue sopet) JH UI SWN[OA [EULIOUQE SE [[9m St ‘(g [dued) sapen JH ‘(V [oued) sIapio JH JO swnjoA 95eIaAe oy} syiodar o[qe) SIy ],

SUONBIYISSE[) SUIWIL], IANBUWII[Y :SIIPIQ JWIT pue sIpe], JH-UON pue JH
6 d19EL

35



SLT00 6L20°0 ¢Ic00 SIco00 60100 1100 PV

6810°0- 6810°0- €L00°0- €L00°0- ¥200°0- ¢200°0- AynejoA
€020°0 €020°0 8LTY'0 8LTY'0 61170 L91¥°0 peaidg way,
#%%1000°0  #xx1000°0  #xx10000  #xx10000 Ns|
55100070 ANS| x Y14H
#%%896€°0"  %%%896€°0- xC10°0" ALAH
555100070 NS| x OTdH
#%x9€00°0  %%x9€00°0 #%0700°0- O'1dH
%3%1000°0 aNs| x AH
#xxV100°0"  #xx7100°0- #%:x6700°0- HJH

qQC [°POIN BT [°POIN ql [FPOIN  ®BI [SPOIN C [9POIN [ [SPOIN

juauadunouue-1sod jusuadunouue-ald

"2 pAIsnlpe oy} $AJOUP ;37" (P/ "SIOLIS JUI)SISUOD UONE[ILIOI0INE
pUe AJ1011SBPas0I)Yy SuIsn ‘A[oAn0adsar ‘S[OAJ[ 9,0 10 %G 9| A3 18 UBIYIUSIS AJOUIP .y, 1O . sy, o, V AIAIQ JOJ UMOYS JOU INQ PapN[oul
oI SOIWIWUND QW) PUB $109]]9 SB[ ‘S109]J0 PIXI] -osLIdIns smau An[osqe pue ANe[oA ‘pealds uLe) Sulpn[oul Sa[qeLIeA [01UOD JO 101094 © st (D1
pue () uonenbg woiy anea paorpaid oy st (D% ,7 fr ‘[earoiur smnunu-oAy oY) 190 ‘ssa001d dnyIOm B UL PIA[OAUI 10U ST UOHOBSURI) JY) IdYM

“UONORSURI) Yora Je 210nb-pIil U0 paseq suwInjal You-Aq-3on Wolj paje[nofes ajonb-pru jo uonerauosoine anjosqe Sof ays st (| (THHNE 57| Sop axoym
c(T+mweny 4 (TH)Wee \3 + (t+9mg t@m\ 4 TSP o = 71.@5@ 19y | 801
:SISATRUR A 9} UI UOISSQI391 93BIS-pu0das ay) Jo synsax oy} surodar opqes siy,

§53001J dn-310A\ pue AOUDYJH dIIJ
01 dIq&L

36



FIGURE 1
Market Activities around News Announcements

This figure depicts market activities for the 2-year note in each 1-minute interval during the 15-minute pre- and
15-minute post-announcement periods. Variables include relative spread (x 10,000), depth at best bid and ask ($
mil) and depth behind the best bid and ask ($ mil) during the sample period from January 3, 2006 to December
29, 2011. For comparison, corresponding values of each variable at the same time on non-announcement days are
also depicted.
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FIGURE 2
Proportion of Overall HF Activities

This figure plots the monthly ratio of overall HF volume, defined as the total monthly volume of HFLO and
HFTR, scaled by the total monthly volume of limit orders and market orders, for the 2-, 5- and 10-year notes
during the sample period from January 3, 2006 to December 29, 2011.
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FIGURE 3
HF Activities Around Announcements
This figure depicts the volume HFTR and HFLO of the 2-year note during the 15-minute pre-announcement

period and 15-minute post-announcement period. For comparison, corresponding values of HFTR and HFLO

volume at the same minute interval on non-announcement days are also depicted.
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