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Intraday Liquidity Provisions by Trader Types in a Limit Order Market:

Evidence from Taiwan Index Futures

Abstract

This paper examines the dynamic liquidity provisigmocess by institutional and individual
traders in the Taiwan index futures market, whishaipure limit order market. This paper
provides empirical evidence in a natural marketirggtfor the period January 2007-December
2008. Several interesting empirical results araiolkt. First, institutional traders use relatively
more limit orders than market orders. However, ifpreinstitution traders use relatively high
percentage of market orders in the early tradirsgisa and switch to more limit orders for the
rest of the day, except close to the end of thdingaday. Liquidity provision by individual
traders is just the reverse of that by foreignitasbnal traders during the trading day. Second,
net limit order submissions by both institutionaldaindividual traders have positive relations
with one-period lagged transitory volatility and gaéive relationship with informational
volatility. Third, the net limit order submissioby institutional traders have positive relationship
with one period lagged spread; fourth, both théestd limit order book and order size have
significant influence on all types of traders’ s&égy on submission of limit order versus market
order during the intraday trading session.



Intraday Liquidity Provision by Trader Types in a L imit Order Market:

Evidence from Taiwan Index Futures

|. Introduction

Electronic limit order market has become ofthe major trading venues in equity, futures
and option exchanges around the world. There agesgnated market makers in these markets.
As such, limit orders supply liquidity whereas netrlrders consume liquidity in these markets.
Thus, liquidity arises endogenously from the ordembmitted by market participants in the
exchanges. Since liquidity is considered one of mh&or performance measurements for
exchanges, researchers, exchange officials, arebtons have strong interests in understanding
the factors affecting the limit order submissioterhy different types of traders under different
market conditions.

Previous literature on limit order trading strateggn be classified into two strands:
theoretical models and empirical analysis. Eartlezoretical models assume that informed
traders who trade on short-lived, private informatiare impatient and would place market
orders, whereas uninformed traders who use lindei have to await execution (see Glosten,
1994; Seppi, 1997). Later theoretical models (skak@varty and Holden, 1995; Harris, 1998;
Kaniel and Liu, 2006 and others) relax this restrecassumption. They suggest informed traders
use both limited orders and market orders. In gantrey show that the time horizon of private
information is positively related to the probalyildf using limit order by informed traders.

Using experimental asset market, Bloomfield, O’'Haaad Saar (2005) investigate
empirically the evolution of liquidity provision blyader type in a pure limit order market under
an experimental market setting. They find thatrimfed traders consume liquidity earlier in the
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trading day and gradually become liquidity prov&les they increasingly place more limit
orders as the trading day progresses. In contligsidity traders use the reverse of trading
strategies of informed traders using during thelitrg process. They also document that
informed traders use relatively more limit ordéreese interesting experimental results present a
challenge to the assumptions of the theoreticalaisoon the order choice of informed traders in
a limit order market.

Goettler, Parlour and Rajan (2005) study the dyoamoif order choices in a limit order
market under asymmetric information. They suggéstt tthe volatility of changes in the
fundamental value of an asset affects agents aeguiformation about the asset, which in turn
affects the choice of order type of informed tradend market outcoméseim and Madhavan
(1995) present empirical evidence on the ordercad®oof institutional traders. They document
that informed traders with short-lived informatitend to use market orders, while informed
traders with long horizon information (e.g., vatueders) are more likely to use limit orders.

On the empirical literature side, Biais, Hillionda$patt (1995) examine the relationship
between the limit order book and the order flowtlre Paris Bourse. They find that the
conditional probability of submitting limit (marRedrders by investors is higher when the spread
is wide (tight). Chung, Van Ness and Van Ness (123§ show that traders place more limit
orders when the intraday spread is wide in New Y3tdck Exchange (NYSE).

Ahn, Bae and Chan (2001) examine the role of lionders in providing liquidity in the

Stock Exchange of Hong Kong (SEHK), a pure limidear market. They find that one lagged

1 Their results are obtained numerically from théieoretical model because they cannot obtain sedldorm
solution when the relevant frictions of a limit erdmarket are incorporated in the model. The relefrictions of a
limit order market are discrete price staggerederarrivals and asymmetric information (sees @oeit al., 2009,
page 68). For other theoretical models on the dyecsuwsf order choice in limit-order markets, see R¢2009) and
Parlour and Seppi (2008).



period transitory volatility is the major determimteof market depth (due to the submission of
limit orders), and rise in market depth is followky a decrease in volatili\Volatility also
determines the changing mix of market and limiteosd

Bae, Jang and Park (2003) examine the trader'scehoetween limit and market orders
using a sample from the NYSE SuperDot. They firat the order size, spread, and expected
transitory volatility are positively related witthe trader order choice. Using data from the
Moscow Interbank Currency Exchange, Menkhoff, Osled Schmeling (2010) investigate the
use of aggressive-price limit orders by informed aminformed traders in an ordered logit
regression framework. They show that informed trad@e more sensitive to changes in the
spread, volatility, and market depth than uninfainr@aders in a pure limit market. However, to
the best of our knowledge, there is no previousrdire on investigating the difference in
market impact on order submission strategy by iddial day traders, individual non-day traders
and foreign institution traders in the real worldmet settings.

The major purposes of our papers are:

First, we document the intraday liquidity provisiby trader types in a pure limit order
market by using the actual intraday data to docunenliquidity provision by individual traders
(day and non-day traders) and institutional tradéeeign institutional firms and proprietary
futures firm traders) in the Taiwan index futurearket for the period January 2007-December

20083

2 Ahn et al. (2001) did not accurately estimate sit@my volatility. They use realized volatility tapproximate
transitory volatility.

% In financial literature, it is generally agreeatfinstitutional traders are informed traders bseathey collect and
analyze market information more quickly than uninfed traders in index futures markets. On the otzerd,

individual investors often follow their observednket prices pattern as their major inputs for theiding decision.
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Second, we examine the impact of various marketitons (i.e., one-period lagged
transitory and informational volatility, one-peridaigged spread, one-period lagged same and
opposite side market depth, and limit order size}he liquidity provision by trader types in a
joint regression framework.

Third, we compare our empirical results in a ndtunarket setting with the empirical
results of Bloomfield et al. (2005) on the changliggidity provision by trader type in an
experimental market setting.

We have obtained several interesting new resultsdaer types. (1) Our empirical results
obtained from a natural market setting lend suppmthe empirical results of Bloomfield et al.
(2005) on the intraday trading strategies of infednrtraders and uninformed traders in an
experimental market setting. (2) Net limit ordebsussions by both institutional and individual
traders have positive relations with one-periodgéah transitory volatility and negative
relationship with informational volatility. We haw®one a direct test on the prediction of Handa
and Schwartz (1996) versus Foucault (1999) on tiiience of transitory volatility and
informational volatility on institutional versusdividual trader’s decision on selection of limit
versus market orders. To the best of our knowletitge js a new finding in limit order literature.
(3) The net limit order submissions by foreign ingtonal traders and futures proprietary firm
traders have a positive relationship with one pkragged spread; there is no significant
relationship between lagged one period spreadsttamdimit order submissions by individual

day traders and individual non-day traders. Findiyth the state of limit order book and order

* Previous papers only include a subset of our niariedition variables we considered in their regi@s model.
For example, Bae et al. (2003) did not includestia¢e of limit order book variable in their regiess Bloomfield et
al. (2005) examine the impact of each market crivariables separately on the submission of lingitsus

market orders by trader types in their experimese#ting.
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size have significant influence on all types ofdags strategy on submission of limit order
versus market order during the intraday tradingises

Our paper is organized as follows. Section 2 prssanliterature review related to the
impact of market conditions on the supply of ligtydy institutional versus individual traders in
a limit order market. Section 3 describes the Taiwaex futures market structure and the data.
Section 4 presents the empirical methodology. Ewoadirresults are reported in Section 5,

followed by summary and concluding remarks in Sec6.

[I. Trader types, market conditions and liquidity provision in a limited order

market

In this section, we review alternative hymses and empirical evidence on (1) trading
strategies of informed and uninformed traders &)dhe influence of market characteristics on

traders’ decisions on submission of limit versuskegorders.
2.1 Trading strategies of informed versus uninformd traders

In a pure limit order market, traders face a decisin choice of limit orders or market
orders. Market orders consume liquidity and arecetezl with certainty at the posted prices in
the market. Limit orders supply liquidity and hatlee advantage of execution at a more
favorable price than a market order. However, liorlers face execution uncertainty and an
adverse selection risk because limit order pridexed. Limit order traders provide free options

to the arrival of informed traders (see Copland @athi, 1983).

Earlier theoretical models (i.e., Glosten, 1994p$e 1997; and others) assume that
informed traders place market orders because tieeyrgatient and private information is short
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lived while uninformed traders supply liquidity Bubmitting limit orders and wait for execution.
Later theoretical models relax this restrictiveumsgtion. For example, Chakravarty and Holden
(1995) analyze the behavior of the informed tradea single-period call-type market. They
show that in this type of market the informed tradey simultaneously submit a market buy
order and a limit sell order, and limit order aassa safety net for the market order. This way, an
optimal mix of limit order and market orders leadsa higher pay off than submitting only a
market order when there is uncertainty about timeghat a market order will fetch.

Harris (1998) develops optimal order submissioatsties for trading problems faced by an
informed trader, a uniformed trader and a valueinat#d trader. He suggests that informed
traders are more likely to use market orders wherate information will soon become public,
reflecting the desire of informed traders to realibeir valuable private information. He also
predicts that liquidity traders will start usingnit orders and switching to market orders as the
end of trading approaches in order to meet thegetaof trading. When informed traders face
early deadline, they are going to employ markeemds well. Both informed and uninformed
traders will submit limited orders when the deagllia distant and the bid-ask spread is large in
order to minimize transaction costs. In generalsihggests that informed traders use relatively
more market than limit orders.

Kaniel and Liu (2006) analyze informed traders’ iequum choice of limit and market
orders. They show that the time horizon of privattormation is positively related to the
probability of using limit order by informed traderTheir empirical results show that informed
traders prefer to use limit orders, which are imble®re informative.

Bloomfield et al. (2005) employ experimental agsetrkets to investigate the evolution of
liquidity provisions by informed and liquidity trads in a pure limit order market. Their study

focuses on how trading strategies are affected raget type, market conditions and
6



characteristics of the asset at different time gotturing a trading day. They find that informed
traders use more market orders than limit ordetheatarlier stage of trading session because
informed traders are likely to capitalize on thgiivate information. As the trading progresses,
informed traders switch to liquidity provision. Tleeange in the behavior of informed traders
seems to be in response to dynamic adjustmeniad for information. Informed traders perform
better in terms of profit as liquidity suppliersdaeise they have face less adverse selection risk
when placing limit orders in comparison to uninfedhtraders.

This result suggests that informed traders takev{ge) liquidity when the value of
information is high (low). Uninformed traders suppélatively more liquidity in the earlier stage
of the trading session and use relatively more staokders as trading nears the end because of
their need to meet the target value of their trgdiuirposes. Bloomfield et al. (2005) also
document the difference in the impacts of markeddmns (such as the volatility, the spread the
state of limit order) on order choice between infed and uninformed traders. Their
experimental results present a challenge to rdi@xassumptions of theoretical models and
suggest an urgent need for a dynamic model onrtdher @hoice by trader types in a limit order
market.

Anand, Charkravarty and Martell (2005) empiricalhyestigate the evolution of liquidity
and changing of trading strategies of institutiomatlers (i.e., informed traders), and they find
that institutional traders use market orders mdtenan the first half than in the second half of
the trading day. They also document that limit esdalaced by institutional traders performed
better than those placed by individual traders, (usinformed traders). However, their tests were
based the intraday data for the period from Noveni®90 to January 1991 obtained from

NYSE, which is not a pure limit order market.



2.2. The influence of market characteristics on &ders’ decision on choice between limit

and market orders

The important market characteristic variables thidct the trader’s choice on limit or
market orders are volatility, spread, the staténaif order book and order size.

Handa and Schwartz (1996) develop a model to exjple rationale of trader choice of
market or limit order and the profitability of limorder trading. In their model, the trader’s
choice depends on the probability of whether thaiit order is executed against an informed
trader or an uninformed (liquidity) trader. The exgon of limit order suffers a loss with
execution against an informed trader and gainsitpvdien limit order execution against a
liquidity trader. Thus, traders will submit morenlt orders than market orders when the increase
in price volatility is due to liquidity reasons laese the profitability of limit order increases as
traders increase in supply of liquidity. Thus, Harehd Schwartz (1996) predict a positive
relationship between submission of limit order &aahsitory price volatility.

Foucault (1999) develops a model that explicitlyorporates a trader’s decision to submit
market versus limit order. He theorizes that wHes dsset volatility increases due to informed
traders, the risk of adverse selection will inceedshus, limit order traders have to increase their
bid ask spreads to insure against losses. Thetastding on market orders is less attractive and
traders find it more cost-effective to trade udingt orders.

Ahn et al. (2001) use thirty-stock data from theH8Efrom July 1996 to June 1997 and
show that rise in transitory volatility is followday increase in market depth due to increase in
submission of limit orders. An increase in markeptth is subsequently followed by a decrease
in volatility. These results are consistent witke firedication of the theoretical model of Handa

and Schwartz (1996). Moreover, Bae et al. (2008)ausample of 144 NYSE-list stocks over the



period from November 1, 1990, to January 31 1991nvestigate trader’s choice between limit
and market orders. They find that traders use e orders when they expect an increase in
transitory volatility. They find the impact of tlesset (informational) volatility on trader’s choice
between limit and market orders is inclusive. Bldefd et al. (2005) also find that volatility is
one the major factors affecting both informed anthformed trader’s choice between limit and
market orders.

Menkhoff et al. (2010) investigate the use of aggee-price limit orders by informed
traders versus uninformed traders in an ordereid tegression framework with data from the
Moscow Interbank Currency Exchange. They show\tbkttility variable is negative and highly
significant for informed traders and significantl®%o level for uninformed traders. Their results
suggest that both types of traders will increasar thse of limit orders following increase in
volatility, but informed traders are more resporsito change in volatility than uninformed
traders.

In addition, Menkhoff et al. (2010) also find thiaformed traders are more sensitive to
change in the spreads, volatility and depths thanformed traders in a pure limit market. There
are two major concerns in their quality of dataduseempirical tests: (1) the data lack trader
identification code on trader type, causing theéhard to assign a trader as either informed or
uninformed based on the inference from the trade &nd location information; and (2) the data
cover only a seven intraday data period, which b®yoo short for reliable empirical tests.

Bias et al. (1995) provide empirical evidence tivien spread is large, the conditional
probability increases that investors place moretlionders than market orders. In contrast,
traders use more market orders (i.e., hitting thete) than limit orders when the spread is tight.
Chung et al. (1999) examine limit order book and lid-ask of 144 stocks traded in NYSE.

They provide evidence that more traders submittloniders when the spread is wide and use
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market orders when spread is tight. These resoidyi that when the spread is wide, traders
place more limit orders, either because the subomss market orders is costly or because limit
traders can be compensated by better price if bingiers are executed.

Previous literature has shown that the state oflithe order book influences a trader’s
order choice. Parlour (1998) provides a theoreticatlel that suggests traders are less likely to
use limit orders if the limit book on the same siofethe trade is thicker. This so-called
“crowding out” effect arises because of the timenity of orders already in the book lowering
the probability of execution of a new order at saene side. On the other hand, traders are more
likely to use limit orders if the book on the otrsde of the trade is thicker. Bloomfield et al.
(2005) examine this hypothesis in an experimentalket setting. Their results lend support to
the prediction of Parlour's model that traders wdouse more limit orders as the depth of the
other side increases. They find that informed aqdidity traders behave differently in their
limit order submission ratio for the same side @frket depth. For example, the informed traders
show higher limit order submission rates when tames side of the book is thicker as in the
orders.

Based on order and transaction intraday data frenStviss stock exchange, Ranaldo (2004)
also demonstrates that patient traders become andez aggressive when their own (opposite)
side book is thicker (thinner). Using limit ordeodk information from the Australian Stock
Exchange (ASX), Cao, Hansch and Wang (2008) prowidditional empirical evidence that
traders use more market orders when the same fiidatcorder book is thicker.

In general, traders have strong motives to mininthegr trading cost when the order size is
relatively larger. Bae et al. (2003) divided theample into two order size groups: large and
small. They provide evidence that, on averageetsath large order size group use more limit

orders, ranging from 66% to 79% of the total ordera trading day. In small order size group,
10



28% to 36% of the orders are limit orders. Theselte provide evidence that traders tend to use
limit order when the order size is relatively large

Given the results from previous literature, we us@ue real world data to examine the
differences among institutional, individual day andn-day traders in providing liquidity in

response to change in market conditions duringdirtg day in a joint regression model.

[1l. Taiwan index futures market structure and the data

The Taiwan Futures Exchange (TAIFEX) is a pure podieven market. Investors submit
limit and market orders through brokers to the mnatted trading systems. Limit orders are
consolidated into the electronic limit-order bodkhe Automated trading system (ATS) will
order match and execute orders continuously withegrme priority rule, setting a single
transaction price. Market buy (sell) orders will thie best ask (bid) prices. The buy (sell) order
with higher (lower) limit price than the set trangan price will be executed at the transaction
price. Market participants can also submit cancéérs at any time prior to matching. The pre-
open session is from 8:30 to 8:45AM. During thisiqe investors can submit limit and market
orders to ATS system through brokers, and the exgthases the single period auction system to
establish the opening prices of regular tradingrfiolihe regular trading hours conducted on
weekdays excluding public holidays are from 8:458M.:45PM. Limit orders are automatically
cancelled at the end of trading day; thus we woitk wne day limit order book. There are no
hidden orders.

TAIFEX disseminates order-and transaction pricegépublic in real time. Investors can

observe the anonymous best five bids and bestasks specific prices with the number of
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contracts from the screen. Since there are no wesignarket makers, liquidity is generated
endogenously by orders of market participants.

Intraday tick by tick data of Taiwan stock indexurtes (FITX) obtained from TAIFEX are
used in our analysis. Our sample period covers fdamuary 1 2007, to December 2008. The
contract size is the index value of FITX multiplibg 200 New Taiwan Dollars (NT$). The
maximum of each order size of TIFX is 100 contratt® use nearby futures contracts in our
analysis, and trading volume in the delivery moistiused as the indicator to switch from first
deferred contract to near-by futures contract.undata editing process, we eliminate price limit
days, time periods without limit order informati@md days with missing trading datZhe
dataset contains the detailed history of order $loorder book, transaction data and the identity
of the traders. For each order, the date and tiharival of the order, its direction (buy or sell
initiation), the quantity demanded or supplied, dhd trader identification are recorded. The
trader identification enables us to categorize fiypes of traders: individual traders, domestic
institution traders, futures proprietary firms godeign institutional traders.

Panel A of Table 1 shows that the daily averagéinigavolume is about 93,684 contracts.
Individual traders account for 61 percent of thialtdaily average volume. Futures proprietary
firms are different from futures brokers in thag¢yhrade for their own accounts to make profits
and also make commissions by trading for clientseiiT trading activity accounts for 23.34
percent of daily average total volume. Foreignitngonal traders executed about 12.26 percent

and domestic institutional traders account for 3189 percent of daily average trading voluine.

® There are eight days in June 2008 and three daysdember 2008 where data are missing.

® In the rest of our analysis, we concentrate omlyaotivities of individual traders, foreign instinnal traders and
futures proprietary firm traders because the trgdintivity of domestic traders only accounts 3.68P@verage
daily trade volume. In addition, domestic institutal firms do not trade very frequently. As a reswk often face

inedugate observations of domestic institutionah$ in our 15 minute time interval.
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Our analysis assumes that foreign institutionalegtors and futures proprietary firms are
members of institutional traders and individuatiees are uninformed or liquidity trad€r§rom
Panel A of Table 1, we can find that day tradingatal trading volume accounts for about 30.4
percent, whereas individual non-day trading accodiot 30.31 percent of total voluri®©ur
results are similar to the results reported by Basi al. (2009), who find that day trading by
individual traders is over 20 percent in the Taitrck market.

<Table 1 is inserted about here>

I\VV. Empirical methodology

Our empirical analysis consists of two steps. Finsd use one way analysis of variance
model to estimate the intraday submission pattefrisnit orders, market orders and limit order
submission ratios. Second, we use regression mddekstimate the influences of market
condition variables (i.e., Transitory_Volatility;.q, Informational_Volatility.1, Spreads.s,
Same_Sde Depthy.;, Opposite Sde Depth.1, andLimt _Sze) on net limit order submission by
institutional and individual traders.

In analysis of intraday variation patterns of ordaoices by trader types, we follow two
principles to select the length of the time intér&nce we are interested in short time variations
of limit versus market order submissions, the tinterval should not be too long. On the other

hand, if time interval is too short, there may betenough observations for obtaining reliable

" Goetter et al. (2009, p68) suggest institutioredérs are informed traders who view the currepeeted value of
cash flow on the instrument. This implies that mfed traders perform research on the value of teguiment
while uninformed agents estimate the value of tiseriment based on market observables.

8 Day trader is defined as those traders who satigfyfollowing rule: the amount of contract purass equal to

the amounts of contracts sold in the same tradatyg d
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estimates of intraday patterns. Balancing betwheget two guidelines, we decide to select a 15-
minute interval as the time interval of our intrgaanpirical analysis.

The one-way analysis of variance regression madgpécified as follows:
19
Y, =5+ BD; +e 1)
j=1
The dependent variabM is equal to the sum of limit orders in 15-minuted interval, or

the sum of market orders in 15-minute time intereallimit order submission ratio in a 15-

minute interval. The value of intercefy is equal to daily average as the basis of comparis

20
For this reason, we impose the following restrimtasz,l?j =0. TheD;; is the dummy variable
j=1

which is equal to one if it is in jth interval, j52,---,19,D;; =0 if it is not in thg™ interval and
equal to -1 if it is in 28time interval’ The error term i®. The coefficient opy; is equal to the
difference between the meanjBftime interval and the value @§, daily averageThe sample
mean ofj" time interval is equal to the sum of the valuegiof fo. This model allows us to
examine the influences of the role of the timerwaéon order submissions by trader type.

The regression model used to examine the influehchkaracteristics of market conditions
lagged one period (i.e.Transtory Volatility.;, Informational_Volatility.;, Spread:.s,
Same_Sde Depth.;, and Other_Sde Depth.;) and order size on liquidity provision by

institutional and individual traders is specifiesifallows:

NLM, =a + B,Spread,_, + B,Transotory _Volatility,_, +
B;Informational _Volatility,_, + 8,Same_Side_Depth,_, +

20
B:sOther_Side_Depth_, + BeLimit_Size, + > B, D, +¢ (2)

j=1,j#10

19
® The estimate@,= -( 2,3, ):
j=1
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The dependent variable, the net sum of limit o@rM;) denotes the sum of limit orders
minus market orders and marketable limit ordersndguthe 15-minute intervadf Spread,., is the
average of all dollar quote spreads durisigtime period. The variable ame_Sde Depth
(Other_Sde Depth.;) is measured as the average number of limit oraketise best bid (ask) just
prior to a buy order's submission, and as the nunabbehe best ask (bid) just prior to a sell
order’s submission at a given time in thktime interval.

Previous literature documented that there is atipesrelationship between total price
volatility and submissions of limit order by tradefHanda and Schwartz (1996) proposed a
hypothesis that an increase in transitory volgtiNill attract new limit order, and an increase in
informational volatility will discourage submissiaf new limit orders because of increase in
adverse selection risk. On other hand, Foucau®qL8hows that an increase in informational
volatility will attract traders to submit more limorders even traders face increasing adverse
selection risk. During the increase in informatiovaatility periods, traders would face increase
in trading costs due to higher bid-ask quotes pbbte traders. Thus, market order trading is
even more expensive than limit orders, and modetsafind it optimal to implement their trades
using limit orders.

In order to test these two competing hypothesda) tmlatility is decomposed into two
components: transitory volatility and informationalatility. To estimate transitory variance and
informational variance, we assume transaction pfaéws a random walk model with

transitory noise. It is a local level model angpecified as follows®

19 Marketable limit orders are limit orders that cowiéh better quotes than the current best quotéiserorder book.
™ Further discussion on this unobserved componenglllevel) model is referred to by Harvey (1989&sbrouck
(1996) has discussed this type of model with apfibo to finance and Bae et al. (2003) applied thizdel to

estimate to decompose the transaction into efficied transitory price component.
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R=m+& &~NID(0,0?)
m=m,+u, U -~ N|D(0,0’5) (3

whereP is transaction price anak is unobserved equilibrium (efficient) price anddtiows a

random walk model¢, is transitory component. Kalman filter technigaeused to estimate the
parameters of the model (3) for each fifteen mirnterval.

We useo, as our measure of transitory volatility in 15-ntigfifteen minute interval and

o, as our measure of informational volatility in &&n minute interval. Bae et al. (2003) have
used the model (3) to estimate intraday efficiemtgpand transitory price for each day and then
employ high-low price range in 30-minute intervaldstimate the transitory and informational
volatility respectively for each time interval. bur case, we obtain the estimates of transitory
volatility and informational volatility from the epirical results of model (3) applied to each 15-
minute interval. Transtory Volatility.; (transitory volatility lagged one period) and
Informational _Volatility;.; (informational volatility lagged one period) areed to approximate
trader’s view on expected transitory and informaaiovolatility in next time period.

We measurd.imit_Size as the average size of all limit order for alldess during the"
time interval. The dummy variabl€; are the same as in the equation (1) and is useontiool
intraday variation of limit order submission patigemith respect to time.

We estimate both equations (1) and (2) for each tftraders using OLS. The Newey and
West (1987) heteroskedasticity and autococorrelatmnsistent procedure is used to calculate

the standard errors of estimates.

V. Empirical Results

This section consists of three parts: fhpieical analysis of intraday variation patterns of

limit and market orders by trader type, (2) empiri@nalysis of the influences of market
16



conditions on liquidity provision by trader typeana course of a trading day and (3) robustness

tests.
5.1 Intraday variation of limit and mark orders by trader types

The panels A, B and C of Table 2 presents avedadg market and limit order submission
by trader type for whole sample period, pre finaharisis period (2007/1 to 2007/07) and
financial crisis period (2007/08- 2008/12) respesii.> We sort all orders into pure market
order, marketable limit order, and limit order. Tinembers in parentheses for each row represent
the percentages of order types for individual dagdrs, individual non-day traders, foreign
institutional traders, and futures proprietary fitraders. The numbers in brackets represent the
percentages of order types used by each trader Bgreexample, for the whole sample period,
the total daily average order submissions of dagters is composed of 17.26% of pure market
orders, 8.94% of marketable limit order and 73.8fi%mit orders.

From Panel A ( whole sample) of Table 2, we obsaeseral interesting: (1) on average,
the sum of pure market order and marketable limdepsubmission accounts only for 16.76%
whereas limit order submissions account for 83.24%ll orders; (2) individual day traders and
non- day traders submit around 73.8% and 73.09%eif total orders in limit orders while
foreign institutional traders and futures propmigtirms submit 94.1% and 92.62% limit orders
in their total order submission, respectively. Thessults confirm that, in general, institutional
traders use more limit orders than market ordets.r@sults are consistent with previous results
by Kaniel and Liu (2006) and Bloomfield et al. (Z)0But they do not support the prediction by

Harris (1998) that informed traders use more maokeers than limit orders. We find the order

2Following Brunnermeier (2009) as well as Melvin afhdylor (2009), the subprime crisis period startnf
August 2007. We thus divide our sample period pite financial crisis period (2007/1 to 2007/07) dimdncial

crisis period (2007/08- 2008/12).
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types submission by traders in Panel C (financiaisc period) are very similar to the order

submission types by trader types during whole sarppriod. This is not surprise because the
time period of financial crisis period accounts floree fourth of the whole sample period. From
Panel B ( pre-financial crisis period ( 2001/1 -200 of Table 2, we find individual day traders

uses slightly less percentage of market order aacketable limit orders and relatively more

limit orders than corresponding percentages dutiegfinancial crisis period. We also observe
that during pre financial crisis period, the sum fofeign institutional traders and futures

proprietary firm accounts for 33% of average dailding volume. On other hand, the sum of
the percentage of their daily trading volume actstior 52 percentages of daily trading volume.
These results suggest that individual tradersradBrig more active in pre-financial crisis period

and institutional traders are trading more activerdy the financial crisis period.

<Table 2 is inserted about here>

Table 3 presents the regression analysis of ingradaation of limit and market orders by
trader types on 15-minute time interval&The intercept is daily average and is used abases
of comparison. We obtain several interesting figdifrom Table 3. They are as follows:

(1) In the pre-opening session (i.e., 8:30 to 8M\b), individual day traders and non-day
traders are active in submitting limit orders whilgreign institutional trader and futures
proprietary firms are relatively inactive in subtimg limit orders.

(2) Figure 1 show that the intraday average numbfeosder submission for all trader types
is V shaped for both market and limit orders. Theosid time interval (9:00 to 9:15AM) after

the first opening time interval is the highest ags number of order submissions for all type of

13 Table Al of the appendix is a supplement to T&bl& presents the means of the numbers of limit ararket
orders submitted by trader type on a 15-minute tinterval. Limit order submission ratio in Table Af the
Appendix is the ratio of the mean of the numbeliwit orders to the sum of limit orders, market ersl and

marketable limit orders.
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traders. Our intraday pattern of order submissisnery similar to the patterns reported by Biais
et al. (1995) and Bae et al. (2003).

Figure 2 (a) shows that the limit order submissetio of institutional traders is inverted U-
shaped during whole sample peribdThese results suggest that institutional tradess u
relatively more market orders at the beginning aloding time intervals. This is expected, in
that institutional traders use more market ordersapture their value of private information in
the early trading process and use relatively maaekat orders to close their positions as trading
is close to the end. On the other hand, limit oldymission ratios of individual day and non-
day traders are similar to L-shaped with a suddep th the last two time intervals.

These results confirm that individual traders @inenformed traders) use relatively more
limit orders in the early trading and use relatyvelore market orders as trading is close to the
end of trading. These results suggest that indalittaders provide relatively greater liquidity in
the early session and consume relatively greajaidity toward the end of trading session. Our
results are consistent with the prediction madélarris (1998) and empirical results reported by
Bloomfield et al. (2005).

(4) The limit order submission ratio ranges from9336 to 93.12% for foreign institutional
traders whereas it ranges from and 85.45% to 93Pofuftures proprietary firm traders,
respectively. On the other hand, the limit orddsmsission ratio of individual day and non-day
traders is in the range from 67.53% to 79.7% an@®6 to 76.34%, respectively. These results
support the results reported by Bloomfield et 2005) and Kaniel and Liu (2006) that informed
traders use more limit orders than market ordets dm not support the prediction of Harris

(1998) that informed traders use relatively morekatthan limit orders.

11 imit order submission ratio is defined as théoratf the number of limit order to the sum of linsihd market

orders during each 15-minute interval.
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(5) From Figure 2 (b), we observe that limit ordetbmission ratios of all types traders
during pre-financial crisis are very similar to itrarder submission ratios of all trader types for
whole sample period.

<Table 3 is inserted about here>
<Figure 1 is inserted about here>
<Figures 2 is inserted about here>

Table 4 documents regression results on intradamatien of the size of limit order and
market order submitted by all types of traders avérading day’ Figures 3 (a) and 3 (b) show
the time series patterns of the limit order sizé ararket order size by trader type, respectively.
We find that (1) limit orders submitted by indivalwday traders, individual non-day traders and
foreign institutional traders are larger in sizarththeir corresponding market orders. These
results affirm the results for all traders reporteg Bae et al. (2003). However, futures
proprietary firms hold exactly reverse pattern abraission of limit order size versus market
order size.

(2) The intraday patterns of limit order size andrket order size of both foreign
institutional traders and futures proprietary firarg clearly L-shaped while flat for individual
traders. The larger order sizes used by institatitnaders than those used by individual traders
suggest that institutional traders try to use largyeler size to capture as much value of their
market information as possible in the early stafj¢he trading process. These differences in

intraday order size submission between institutimeasus individual traders are new in limit

5 Table A2 of the Appendix is a supplement to Tablé& presents the means of the size of limit ardket orders
submitted by trader type on a 15-minute time irderiMarket order size in Table A2 of the Appendixmean of

market order, which is sum of pure market order rmadketable limit order.
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order market literature. Foreign institutional &eslin general use larger sized limit order and
market order size than those of the other threestyh traders.

In summary, we find that institutional traders uskatively more market order in the early
stage of trading process and switch to relativelgranlimit orders as the trading process
progresses. On the other hand, individual tradeosng relatively more limit orders in the early
trading and use relatively more market ordersading is close to the end.

<Table 4 is inserted about here>

<Figure 3 is inserted about here>
5.2. Regression analysis

We report the regression analysis of the influenoesnarket conditions on liquidity
provision by trader types in Table 5. We do notsprg the results of dummy variables in order
to save space.

For all traders (see column 2 in Table 5), the fomeht of Spread;.; is positive and highly
significant at 1% level. This result confirms tlvelhen spread is wide, traders place more limit
orders either because submission of market ordesosdly or because limit order can be
compensated by better price if limited orders atecated (see Chung et al., 1999; Bea et al.,
2003; and others). We find that the coefficienttrahsitory_volatility lagged one period has a
positive sign and the coefficient of the informatd volatility has a negative sign; both of these
coefficients are highly significant at the 1% lev@ur empirical evidence is consistent with the
prediction of theoretical model of Handa and Schavgi996) but does not support the
implications of the model proposed by Foucault @99

In Handa and Schwartz’'s model, the traders suffeysa with execution with informed
traders due to adverse selection risk and gairitpubien the limit orders against an uninformed
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(liquidity) traders. Thus, traders will submit mdneit orders than market orders when there is
an increase in the expected (one period laggedsitomy volatility and will decrease in
submission of limit orders when expected inform@giovolatility increases. Bae et al. (2003)
also documented that traders will increase thebmsssion of limit orders when transitory
volatility is expected to increase, but the impatdnformational volatility on submission of limit
order is inconclusivé®

The parameter of same side depth at best bid)(lagged one period has a negative sign
and is significant at 1% level, and the parametarpposite side depth lagged one period has a
positive sign and is also significant at one perdevel. As we expect, this result confirms that
all traders will submit fewer limit orders when th&ate of the same side order book is thicker
and more limit orders when the book is thinner. Thpact of the state of the opposite side order
book on limit order submissions by all traders baactly the reverse effect of the state of the
same side order book. This result confirms therétezal prediction of Parlour (1998) and is also
consistent with the experimental results obtaingdBlmomfield et al. (2005). The positive and
significant coefficient of the limit order size doms that traders prefer to use more limit orders
with the motives to minimize their trading cost wiherders size are relatively large.

In columns 3-6 of Table 5, we report the regressesults of the influence of market
conditions on the liquidity provision by each typé traders. We summarize their differing
responses of liquidity provision to changes in neadonditions as follows:

(1) The coefficients of the spread lagged one plesiondividual day traders and individual

non-day traders are positive, but not significan2@ level. The coefficients d#pread; ; of

18 We use transitory_ volatility and informationalolatility as explanatory variables in the regressicodel, while
Bae et al. (2003) use dummy variables to denote Gmmbination cases of high and low transitory uers

informational volatility cases.
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institutional traders (i.e., foreign institutiortehders and futures proprietary firms) have positiv
signs and significant at least 1% level. The indigant impact of change in spreads on the
decision of individual day traders may be due widual traders typically engaging in quick

turn-around trading.

(2) The coefficient of the limit order size of féutures proprietary firms is negative and
significant at 1% level. One possible explanati®ihiat because futures proprietary firms often
have access to order flow information, they oftea market orders to capture the value of short-
lived information®’

(3) The coefficients of Transitory Volatility.,, Informational_Volatility;.,
Same_Sde Depthy.; and Opposite_ Sde Depth..; of all four types of traders have the same
expected signs and are significant at 1% level. él@w, there are differences in their different
response to net submission of limit orders duehi@nges in these market variables. Based on
empirical results of Table 5, we estimate the al@gtof the limit order submission with respect
to market condition variables and limit order sizgiable, and these results are reported in Table
6.

In general, institutional traders are more elatichanges in these four lagged one period
variables (i.eTranstory Volatility:.1, Informational_Volatility;., Spread..;, Same_Sde Depth.,,
and Other_Sde Depth.;) than individual day traders and individual noryd@maders. For
example, the elasticity of spreads lagged one gesfoforeign institutional traders and futures
proprietary firm is 0.99 and 0.69, respectivelyeTasticity of spreads lagged one period is less

than 0.01 and 0.08 for individual day traders amtividual non-day traders, respectively. The

"We have interviewed several traders of futurepipetary futures firms. They informed us that thaften hire
large number of traders to monitor order flow frtme order book and use relative large market csizerto capture
the instant trading opportunity. Traders of futupeeprietary firms often use relative larger siZemarket orders

than size of limit order size to implement theirmentum trading strategy.
23



elasticity ofInformational_Volatility of foreign institutional traders and futures piiefary firm

is —0.17 while the same elasticity for individuaydtraders and individual non—day traders are
—-0.12 and -0.008, respectively. As expected, thstieity of these market variables and limit
order size for all (aggregate) traders are in trege of corresponding elasticity of these four
types of traders. Our results support the findiggienkhoff et al. (2010), which demonstrates
that the order aggressiveness of informed trademadre response to market conditions than
uninformed traders in ordered logit models.

<Table 5 is inserted about here>

<Table 6 is inserted about here>
5.3 Robustness tests
5.3.1 Alternative measures of spreads and volatijit

To test the robustness of our empirical resultsiftierent measures of spread and volatility,
we also use the percentage spread and two altezrmagasures of volatility: (a) we apply local
level model (3) to decompose transaction price iafficient price and transitory price
component for each 15-minute interval, and theruseethe absolute values of the difference of
log high and log low efficient and transitory pride estimate transitory volatility and

informational volatility respectively in each 15 nate time interval; (b) another measure we

N
used is the realized variance. The realized vagiananeasured a3 r whereri,is the return
i=1

of i™ transaction during time intervglandN denotes the total number of transaction during the

time interval.

The merit of this volatility measure is that it indes both the transitory and asset
(informational) volatility components. Furthermotbjs measure reflects the cumulative price
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fluctuation rather than the average price fluctratiuring the time intervaf We find the

empirical results of the coefficients of the aletime measures of transitory and informational
volatility with the rest of other explanatory vasies are qualitatively similar to our current
results. The empirical results of the second meastivolatility are positive and significant at
less than 5% level, and the signs and significanteother explanatory variables in this

regression model are qualitatively similar to ourrent results.
5.3.2 Alternative measures of time intervals and ate of order book

We also perform our analysis based on the half tioue interval and employ two new
measures of states of order book: $dje Sde Depthl-5., denotes the average of limit orders at
the same bid (ask) sides from the (best) one ® fiivce quotes during fifteen minutes interval
lagged one period and (jher_Sde Depthl-5., isthe average of limit orders at the opposite bid
(ask) sides from the (best) one to five price gsiataring fifteen minutes interval lagged one
period. Table7 reports the regression results efinfiuence of market conditions on liquidity
provision by trader type based on half hour tinterwals and on two new measures of states of
order book. Clearly, these empirical results aréegsimilar qualitatively to our regression
results based on fifteen minute time intervals #nedstates of market depth measured at the best
bid (ask) price quotes lagged one period.

<Table 7 is inserted about here>

VI. Summary and concluding remarks

18 This measurement was used by Ahn et al. (200f€in test of the hypothesis proposed by HandaSutdvartz
(1996) on the influence of transitory volatility eelection of limit orders versus market ordergragers. It is well
recognized that this measure contains both infaomak volatility and transitory volatility. Thust is an imperfect

measure of transitory volatility.
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This study uses a unique dataset to examine thedany liquidity provision by institutional
traders (i.e., foreign institutional firms and fres proprietary firm traders) and individual trezler
(i.e., individual day traders and individual nonydeaders) in the Taiwan index futures market.
The data set consists of trader identification sptlading activity, and the real time information
in order books. Thus, our study is not subjech®ttader-type classification error. We document
the intraday changing trading strategies by traglee and also examine the influence of market
conditions (i.e., one-period lagged transitory anfibrmational volatility, one-period lagged
spread, one-period lagged same and opposite sideetmdepth, and limit order size) on the
liquidity provision for each trader type in the regsion models. The conclusions and
contributions we consider to be important are #evs:

(1) In the Taiwan index futures market, foreign indtdoal traders and futures proprietary
firm traders supply about 55% of liquidity in terrabthe percentage of total limit order
submitted to the market. Individual day traders a@mtlvidual non-day traders demand
49.15% and 47.15% of liquidity, respectively, innws of the percentage of the pure
market orders. Thus, institutional traders playekatively important role in providing
liquidity. Foreign institutional traders and futsreroprietary firm traders submit 94.1%
and 92.6%, respectively, of their total order sug®miains in limit orders. These results are
consistent with previous results documented in &laamd Liu (2003) and Bloomfield et al.
(2005) that informed traders use more limit ordbesy market orders.

(2) We find that the intraday average numbers of osddémission for all trader types are V-
shaped for both market and limit orders. We obséhet the pattern of the limit order
submission ratio of institutional traders is ineertU-shaped. These results suggest that
institutional traders use relatively more markedess at the beginning and closing times

of the trading day. On the other hand, the pattefrtbe limit order submission ratios of
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®3)

(4)

individual day and non-day traders are akin to ash&pe with a sudden drop at the last
two time intervals. These results suggest thatviddal traders provide relatively greater
liquidity in the early session and consume reldgiggeater liquidity close to the end of a
trading session. Our results are consistent wighntlodel prediction in Harris (1998) and
empirical results reported in Bloomfield et al. (B) on the changing trading strategies in
an experimental market setting.

In terms of order size, we find that the size dfitiorders submitted by individual day
traders, individual non-day traders and foreigritagonal traders are larger than those of
their corresponding market orders. The intradayepasg of the size of limit orders and of
market orders for both foreign institutional trasland futures proprietary firm traders are
clearly L-shaped, while the intraday patterns ofiiorder size and market order size for
individual traders are flat-shaped. In generaleifgm institutional traders use larger sized
limit order and market order than those for otlheeé¢ types of traders. We believe this is a
new empirical result never before documented ifithi¢ order market literature.

Results from the joint regression model indicatat tine one-period lagged variables of
transitory volatility, informational volatility, spads and same side and opposite side
market depthsand order size have correct signs and are higbhjfeant statistically for

all trader types. The coefficients of these markatiables for foreign institutional
investors are similar to those coefficients frorh tehder types’ regression. We have
obtained new interesting results that net limitesrdubmissions by both institutional and
individual traders have positive relations with guegiod lagged transitory volatility and
negative relationship with informational volatilitfy'hese results are consistent with the

prediction of Handa and Schwartz (1996) on theuarice of transitory volatility and
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informational volatility on trader’s decision onleetion of limit versus market orders by
type of trades.

However, there are differences in coefficientspeads and limit order size variables in net
limit order submission regression for each tradgret For example, the one-period lagged
spreads variable does not affect the decision divitual day traders. This result is expected
because individual traders engage in quick turnnaddrading. The coefficient of the limit order
size for futures proprietary firm traders is negatiand highly significant. One possible
explanation is that futures proprietary firm tragjewho often have access to order flow
information, tend to use market orders often tadwagpthe value of the short-lived information.

We also find that institutional traders are mowsgt with respect to changes in one period
lagged spreadransitory_volatility informational_volatility, same side (opposite gidearket
depths and limit order size than individual day awmh-day traders. Our results are consistent
with those from the ordered logit models in MenKheif al. (2010). They show that the order
aggressiveness of informed traders is more respong market conditions than that of
uninformed traders.

In sum, our findings document the differences ipact of market variables on intraday
order submission strategy by trader types. Our goapiresults also serve as useful input for the
developers of theoretical models that will predice differences in liquidity provision by

institutional versus individual traders in a reard market setting.
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Table 1: Daily trading volume statistics by trader type

Individual Traders

(%) Domestic Foreign Futures .
o o . Total Daily
D Non- Institutional  Institutional Proprietary Average
ay Day Traders (%) Traders (%) Firms (%) 9
Trader
(%) Trader
(%)
Panel A: percentage of total volume by trader type
Trading 30.40 3031 3.69 12.26 23.34 93,683.69

volume

Panel B: percentage of total volume of day trading versus non-day trading by trader type

Day (94.78) (1.54) (2.83) (0.85) 30,044.36 (100)
Trading [50.06] [13.40] [7.41] [1.17] [32.07]
Non-Day (44.64) (4.70) (16.71) (33.96) 63,639.33 (100)
Trading [49.94] [86.60] [92.59] [98.83] [67.93]
56,875.37 3,456.93  11,485.62 21,865.77
Total (60.72) (3.69) (12.26) (23.34) 93'68f6%9 (100)
[100] [100] [100] [100] [100]

Note: Thetable provides daily trading volume statistics tader type in the Taiwan Stock Exchange index &sur
(FITX) from January 1, 2007 to December 31, 2008Panel A, we show the percentage of daily tradisigme
for Individual Day Traders, Individual Non-Day Texd, Domestic Institutional Traders, Foreign Insiinal
Traders, and Futures Proprietary firms Traderd?dnel B, we separate trading volume into day tgdimd non-
day trading. The numbers in parentheses in eaclrepresent the percentages of day trading and aprirdding
by trader type. The numbers in brackets in eachneolrepresent the percentages of day trading anedayp
trading for each trader type. For example, amongido institutional traders, 7.41% engage in daylitrg and
92.5% engage in non-day trading. A trader is deffiag a day trader when the amounts of contracthpsed and
sold are the same in a specific day.
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Table 2: Daily order book statistics by trader type categpr

Individual Trader Foreign Futures

Institutional  Proprietary Firm |0t Daily

Daz/o/'(l)')rader T’:‘;; 6?2%) Traders (%) Traders (%) Average Orders
Panel A: Full Sample Period (2007/1~2008/12)
PureMarket  (49.15) (47.15) (1.57) (2.13) 22,465.46 (100)
Order [17.26] [17.48] [0.57] [0.82] [9.17]
Marketable  (30.80) (30.74) (17.75) (20.71) 18,581.06 (100)
Limit Order [8.94] [9.43] [5.35] [6.56] [7.59]

. 23.16 21.73 28.48 26.63 203,841.30 (100
Limit Order E73.80]) E73.09]) E94.08]) E92.62]) [83.24] ueo
Total Daily 63,981.86 60,590.68 61,705.38 58,609.91

Order (26.13) (24.74) (25.20) (23.93) 244’8[812'314 (100)

Average [100] [100] [100] [100]

Panel B: Pre financial crisis-2007/01~2007/07
PureMarket  (38.87) (56.41) (1.50) (3.22) 14,278.45 (100)
Order [12.73] [15.53] [0.95] [1.80] [9.95]
Marketable  (22.93) (37.36) (17.16) (22.54) 11,040.01 (100)
LimitOrder  [5.81] [7.95] [8.43] [9.73] [7.69]
o (3009 (33.58) (17.23) (19.14) 118,185.89 (100)
[81.46] [76.52] [90.62] [88.47] [82.36]
Total Daily 43,589.69 51,871.18 22,472.08 25,571.40
Order (30.38) (36.15) (15.66) (17.82) 143’5[01‘;’)'315 (100)
Average [100] [100] [100] [100]
Panel C: During financial crisis-2007/08~2008/12
PureMarket  (51.48) (45.06) (1.57) (1.89) 25,818.09 (100)
Order [18.37] [18.13] [0.52] [0.67] [9.01]
Marketable  (32.44) (29.36) (17.88) (20.32) 21,673.68 (100)
Limit Order [9.72] [9.92] [4.98] (6.10] [7.57]

L 21.77 19.32 30.76 28.15 238,950.09 (100
Limit Order E71.91]) E71.95]) E94.49]) E93.22]) [83.42] oo
Total Daily 72,340.28 64,164.67 77,785.05 72,151.86 286,441.86 (100)

Order (25.25) (22.40) (27.16) (25.19) "o

Average [100] [100] [100] [100]

Note: The table presents a daily order book statistics bgieraype in the futures contract FITX from wholengde
period, pre-financial crisis and during financiaists periods. We divided all order books into fhee market order,
marketable limit order, and limit order. The nunthir parentheses for each row represent the pagenbf order types
by Individual Day Traders, Individual Non-Day TrasleForeign Institutional Traders, and Futures Ret@ry Firm
Traders. The numbers in brackets for each colurpresent the percentages of order types by eachrttgdes. For
example, during whole sample period, the totalydaiterage orders of day traders, there are [17.46]pure market
orders,[8.94]% is marketable limit order and [73.80s limit orders.
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Table 3: Regression analysis of intraday variation pattefrisnit and market orders by type of traders

Individual Day Traders Individual Non Day Traders Foreign Institutional Traders Futures Proprietary Firm Traders

Time Interval Limit Order Limit Order Limit Order Limit Order

Limit Market Submissior Limit Market Submission Limit Market Submission Limit Market Submission

Ratio (%) Ratio (%) Ratio (%) Ratio (%)

08:30.08:45" -1168.70° -684.71°  0.1485" -655.68°  -414.46 0.0700~ -2628.85  -116.95  -0.2364" -2155.82°  -149.27°  -0.0348"
U (-21.13)  (-25.36) (46.70) (-14.37) (18.04) (23.09) (-18.84)  (-12.27) (-47.42) (-20.06) (17.44) (-13.93)
L 08:45.09:00 152.44"  -152.80°  0.0415" 1102.33"  539.62" -0.0256" -298.67" 79.55” -0.0166" 403.85°  100.71" -0.0155"
s ' (2.75) (-5.64) (13.00) (24.06) (23.39) (-8.41) (-2.13) (8.31) (-3.31) (3.74) (11.72) (-6.19)
5 09:00-09:15 805.39° 29595  -0.0118" 649.68°  406.30" -0.0407" 1031.12"  128.31" 0.0021 964.08"  133.07" -0.0154"
s ' (14.52) (10.93) (-3.72) (14.20) (17.63) (-13.38) (7.37) (13.42) (0.43) (8.95) (15.50) (-6.16)
3 09:15.09:30 664.03°  227.12" -0.0050 451.81"  215.21" -0.0194" 1035.06°  57.47" 0.0157" 687.73" 66.97" -0.0056'
e ' (11.97) (8.39) (-1.58) (9.87) (9.34) (-6.37) (7.40) (6.01) (3.14) (6.38) (7.80) (-2.23)
4 09:30.09:45 401.64"  125.80” -0.0022 225.18" 49.37 -0.0019 723.01" 16.76 0.0204" 406.30” 20.00° -0.0030
e ' (7.25) (4.65) (-0.67) (4.92) (2.14) (-0.61) (5.17) (1.75) (4.09) (3.77) (2.33) (-1.19)
5 09:45.10:00 333.06°  119.527 -0.0033 164.06" 39.79 -0.0035 491.88" -0.71 0.0180" 246.97 15.78 0.0006
e ' (6.01) (4.41) (-1.05) (3.58) (1.73) (-1.16) (3.52) (-0.07) (3.60) (2.29) (1.84) (0.24)
6. 10:00-1015 177.62" 84.70” -0.0075 27.14 -28.82 0.0039 240.23 -11.49 0.0165" 42.28 -3.77 0.0038
e ' (3.20) (3.12) (-2.36) (0.59) (-1.25) (1.27) (1.72) (-1.20) (3.29) (0.39) (-0.44) (1.52)
7 1015.10:30 65.48 48.80 -0.0074 -85.27 -88.19” 0.0108" -20.64 -28.78" 0.0179" -40.80 -19.85 0.0065"
e ' (1.18) (1.79) (-2.32) (-1.86) (-3.81) (3.52) (-0.15) (-3.00) (3.57) (-0.38) (-2.30) (2.58)
8 10:30.10:45 -146.42" -24.76 -0.0070° -272.59"  -158.27" 0.0127" -149.69  -39.727 0.0231" -148.53  -50.27" 0.0139"
e ' (-2.63) (-0.92) (-2.20) (-5.94) (-6.85) (4.18) (-1.07) (-4.15) (4.62) (-1.38) (-5.85) (5.54)
0 10:45.11:00 -139.04 1.99 -0.0104" -224.96°  -133.88" 0.0134" -157.45  -46.67" 0.0246" -69.53 -31.88" 0.0115"
e ' (-2.50) (0.07) (-3.25) (-4.92) (-5.80) (4.39) (-1.12) (-4.87) (4.90) (-0.64) (-3.72) (4.59)
10, 11:0011-15 -231.09°  -53.07 -0.00772" -335.43" -181.31" 0.0168" -313.47 -43.35° 0.0183" 22357 -50.84" 0.0132"
e ' (-4.15) (-1.96) (-2.23) (-7.30) (-7.84) (5.51) (-2.23) (-4.52) (3.64) (-2.07) (-5.90) (5.25)
11 11-15.11:30 -125.02" 8.82 -0.0146" -218.28"  -112.197 0.0095" -281.79°  -35.50" 0.0200” -93.56 -24.74” 0.0092”
e ' (-2.24) (0.32) (-4.55) (-4.75) (-4.84) (3.10) (-2.00) (-3.70) (3.99) (-0.86) (-2.87) (3.64)
15 11301145 2415 35.66 -0.0084" -176.89°  -99.71" 0.0089" -127.11  -32.63" 0.0203" 9.33 -20.99 0.0081"
e ' (0.43) (1.31) (-2.61) (-3.85) (-4.31) (2.92) (-0.92) (-3.40) (4.05) (0.09) (-2.44) (3.24)
13 11451200 42 41.34 -0.0123" -186.26°  -81.67" 0.0023 -15.58 -37.59” 0.0214" -36.41 -21.67 0.0108"
T ' (-0.08) (1.52) (-3.84) (-4.05) (-3.52) (0.76) (-0.12) (-3.92) (4.25) (-0.34) (-2.51) (4.30)
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Table 3 (Continue): Regression analysis of intraday vemmpatterns of limit and market orders by typeratiers

Individual Day Traders

Individual Non Day Traders

Foreign Institutional Traders

Futures Proprietary Firm Traders

Time Interval . LimitC.)rd.er . LimitC.)rd.er . Limit(_)rd_er o LimitC.)rd.er

Limit Market Submissior Limit Market Submission Limit Market ~ Submissiot Limit Market ~ Submission

Ratio (%) Ratio (%) Ratio (%) Ratio (%)
14 12:00.10:15  ~66:85 13.64 -0.0074° -304.69°  -114.73" 0.0050 82.20  -38.127  0.02347 -97.33  -28.90" 0.0134”
e ' (-1.20) (0.50) (-2.29) (-6.61) (-4.94) (1.65) (0.58) (-3.96) (4.66) (-0.90) (-3.34) (5.29)
15, 19:15.12:30 16.67 26.51 -0.0048 -165.60°  -73.01" 0.0066 14217  -26.35"  0.0190" 9.45 -11.88 0.0084™
e ' (0.30) (0.97) (-1.50) (-3.59) (-3.15) (2.17) (1.01) (-2.74) (3.77) (0.09) (-1.37) (3.31)
16.12:30.10:a5  ~92:80 -4.79 -0.0026 -213.02"  -113.49” 0.0081" 30.09 42217 0.0265 -12.47  -31.65° 0.0106"
e ' (-0.95) (-0.18) (-0.82) (-4.63) (-4.90) (2.66) (0.21) (-4.39) (5.27) (-0.11) (-3.67) (4.21)
17 10451300 3788 6.68 -0.0026 -95.13 -56.68 0.0008 123.99  -37.127  0.0239" 34.81 -15.28 0.0068"
e ' (0.68) (0.24) (-0.80) (-2.06) (-2.44) (0.24) (0.88) (-3.85) (4.74) (0.32) (-1.76) (2.67)
18, 13:00.13:15 97.15 30.12 -0.0016 31.86 0.94 -0.0007 361.89" 9.41 0.0138" 123.85 3.79 0.0017
T ' (1.74) (1.10) (-0.50) (0.69) (0.04) (-0.24) (2.56) (0.98) (2.74) (1.14) (0.44) (0.68)
19, 13:15.13:30 -333.42"  -164.84"  0.0063 -89.07 -57.83 0.0029 254.02 70.92” -0.0051 -236.28°  -33.69" 0.0081"
T ' (-5.95) (-6.03) (1.96) (-1.93) (-2.48) (0.95) (1.80) (7.34) (-1.01) (-2.17) (-3.89) (3.22)
c 2272277 807.00°  0.7555" 2129.46°  780.19" 0.7466" 2800.14" 174.91°  0.9066" 2615.02" 205.30°  0.9168"

(182.53)  (132.77)  (1055.38) (207.29)  (150.82)  (1093.45) (89.15)  (81.51)  (807.97) (108.11)  (106.56)  (1630.38)
Observation 10,042 10,042 10,042 10,042 10,042 10,042 10,042 10,042 10,042 10,042 10,042 10,042
A‘g(‘;jf:r: dR' 0.090 0.082 0.225 0.119 0.155 0.132 0.048 0.084 0.203 0.050 0.102 0.078
F-test 50.88" 46.07" 146.51" 68.72" 93.27" 77.14” 26.14" 47.25"  128.827 27.37" 58.28" 43.39"

Note: Thetable presents one way analysis of variance maeel ¢quation (1)) to estimate intraday submissittems of limit order, market orders and limit @rdubmission ratio by all types of traders inftiteres
contract FITX from January 1, 2007 to DecemberZI08. The limit and market order are divided irdarftypes of traders and they are Individual Dagders, Individual Non-Day Traders, Foreign Insiitnal
Traders, and Futures Proprietary Firm Traders.dépendent variable is the mean of limit order sonacket order sum or limit order submission ratimdor each trader types during the 15-minute irgyaidterval,
which is regressed on the time-of-day dummy vaeslibr each 15 minutes interval (i.e., 08:45 AM:6@9AM to 3: 15 PM.-13:30 PM). The value of intgut€ is daily average and is used as the basisoimparison.
= xx and * indicate significance at the 1%, 5%nd 10% levels, respectively. The t- statisticeisorted in parentheses for each estinfatenotes the pre-open trading period for each tcaday. The pre-open
session is from 8:30 AM to 8:45AM.
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Table 4: Regression analysis of limit and market order sizgession by trader type

. Individual Day Trader Individual Non Day Trader Foreign Institutional Traders Futures Proprietary Firm
Time Interval Traders
Limit Market Limit Market Limit Market Limit Market
08:30-08:45" -0.1170” 0.0084 0.1954" 0.1300" 5.7214" 24.6161° 3.3099" 3.1426"
' ' (-12.40) (0.49) (19.87) (9.42) (91.90) (71.05) (190.26) (29.04)
1. 08:45-09:00 -0.0347" -0.1662" -0.0902" -0.1687" 0.0757" 1.7080" 0.2423" 0.1143"
U ' (-5.25) (-22.77) (-14.01) (-23.80) (6.26) (18.96) (49.43) (3.09)
5 09:00-09:15 0.1385" 0.0305" -0.0895" -0.0740" -0.3852" -0.1752 -0.0528" -0.3530"
e ' (22.66) (5.08) (-12.96) (-9.76) (-39.84) (-2.36) (-12.22) (-10.49)
3. 09:15.09:30 0.0402" 0.0066 -0.0970" -0.0536" -0.3218" -0.8310" -0.1208" -0.1510"
U ' (6.57) (1.07) (-13.57) (-6.48) (-33.12) (-10.38) (-27.30) (-3.98)
4. 09:30-09:45 0.0156 -0.0163 -0.0675" -0.0571" -0.2670" -0.7203" -0.144%" -0.1114"
U ' (2.45) (-2.53) (-9.01) (-6.36) (-26.42) (-8.19) (-31.45) (-2.68)
£ 09:45-10:00 0.0154 -0.0115 -0.0226" -0.0205 -0.3376" -0.9115" -0.1676" -0.0289
U ' (2.39) (-1.78) (-2.95) (-2.25) (-32.61) (-10.06) (-35.79) (-0.68)
6. 10:00-10-15 -0.0345" -0.0182" 0.0031 -0.0062 -0.3094" -0.9704” -0.2368" -0.0522
T ' (-5.24) (-2.78) (0.40) (-0.65) (-28.78) (-10.44) (-49.47) (-1.18)
2 10:15-10:30 -0.0635" -0.0367" -0.0056 -0.0188 -0.3653" -1.3504" -0.2497" -0.2025"
T ' (-9.49) (-5.52) (-0.69) (-1.90) (-32.77) (-14.21) (-51.41) (-4.47)
8. 10:30-10-45 -0.1311" -0.0593" -0.0579" -0.0123 -0.5853" -1.3928" -0.2643" -0.2525"
T ' (-19.03) (-8.59) (-6.88) (-1.19) (-52.52) (-14.20) (-53.62) (-5.17)
9. 10:45-11:00 -0.1473" -0.0304" -0.0106 -0.0077 -0.5099" -1.6362" -0.2198" -0.0565
T ' (-21.51) (-4.44) (-1.27) (-0.76) (-45.37) (-16.61) (-44.90) (-1.19)
10.11:00-11:15  "0-1186° -0.0236" 0.0039 0.0086 -0.5268" -1.2922" -0.2321" -0.1532"
T ' (-16.81) (-3.32) (0.45) (0.81) (-45.62) (-12.88) (-46.04) (-3.08)
11 11:15-11:30  "0:0905° -0.0025 0.0346" 0.0374" -0.5282" -1.6840" -0.2288" -0.1734”
T ' (-13.05) (-0.36) (4.09) (3.67) (-46.02) (-17.82) (-46.42) (-3.84)
12 11:30-11.45 00232 0.0096 0.0164° 0.0419" -0.4300" -1.5553" -0.2023" -0.7042"
T ' (-3.41) (1.42) (1.96) (4.15) (-38.15) (-16.45) (-41.67) (-17.25)
13 1145-12:00  "0:0313" 0.0271" -0.0252" 0.0482" -0.3033" -1.7834" -0.2335" -0.4007"
T ' (-4.57) (3.98) (-3.03) (4.82) (-27.03) (-18.87) (-47.89) (-9.55)
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Table 4 (Continue):

Futures Proprietary Firm

Individual Non Day Trader

Individual Day Trader Foreign Institutional Traders

Time Interval Traders
Limit Market Limit Market Limit Market Limit Market
14. 12:00-12:15 0.0078 0.0490" -0.0618"" 0.0364" -0.2338" -1.8204" -0.2815" -0.1933"
e ' (1.11) (7.05) (-7.25) (3.56) (-21.01) (-19.36) (-57.56) (-4.15)
15. 12:15-12:30 0.0489" 0.0459" 0.0179 0.0411" -0.1981" -1.9944" -0.2556 " -0.0222
e ' (7.03) (6.65) (2.14) (4.14) (-17.92) (-22.33) (-53.00) (-0.49)
16. 12:30-12:45 0.0597" 0.0491" 0.0167 0.0149 -0.2677" -2.0648" -0.1987" -0.1621"
e ' (8.45) (6.99) (1.97) (1.47) (-23.94) (-22.10) (-40.66) (-3.44)
17. 12:45-13:00 0.0915" 0.0609" 0.0297" 0.0374" -0.2730" -2.12747 -0.2054" -0.0548
e ' (13.11) (8.67) (3.61) (3.82) (-24.73) (-23.30) (-42.33) (-1.20)
18. 13:00-13:15 0.1281" 0.0607" 0.0412" 0.0289" -0.1729” -2.3978" -0.2105" -0.0644
S ' (18.42) (8.77) (5.13) (3.08) (-16.06) (-30.74) (-44.04) (-1.48)
19. 13:15-13:30 0.1063" 0.0076 0.0516" -0.0033 0.0245" -1.9318" -0.2189" -0.0391
S ' (13.96) (0.98) (6.23) (-0.34) (2.20) (-26.84) (-42.95) (-0.81)
c 2.27917 1.9928" 2.4798" 2.3579" 5.4160" 6.8632" 2.6302" 4.2399"
(1455.77) (1165.16) (1367.98) (1083.70) (1395.77) (265.65) (1944.13) (389.84)
Observation 10,039,866 4,078,962 8,690,712 3,374,647 5,489,755 305,877 10,624,149 511,533
Adjusted R-squarec  0.0003 0.0002 0.0002 0.0003 0.0026 0.0239 0.0048 0.0023
F-test 157.68" 48.71" 70.26” 44.43" 710.04” 376.18" 2544.45" 59.72”

Note: Thetable presents one analysis of variance modeldgeation (1)) to estimate intraday variance pattéiimit order size and market order size subrdithy trader types over a trading day
in the futures contract FITX from January 1, 200 December 31, 2008. The trader types are claddiffeindividual Day Traders, Individual Non-Day @eas, Foreign Institutional Traders, and
Proprietary Firm Traders. Thiependent variable is the tick by tick limit ordegstrader types, which is regressed on the timeagfdummy variables for each 15 minutes interival,(08:45 AM.-
09:00 AM to 13:15 PM.-13:30 p.m.). The value ofirept C represents daily average and is usecedsaslis for comparison.. ***, ** and * indicategsiificance at the 1%, 5%, and 10% levels,
respectively. The t- statistic is reported in p#neses for each estimate. ***, ** and * indicaigrficance at the 1%, 5%, and 10% levels, respelti” denotes the pre-open trading period from
8:30 AM to 8:45AM.for each trading day.
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Table 5: Regression analysis on the influences of markeditions on liquidity provision by trader types

- L Foreigr Futures
Time Interval ALL g;d'\fl'.(rjggér Inggnd_ll_ngldl\é?n Institutional Proprietary
y y Trader: Firm Trader
16.76 0.03 0.34 8.20 5.12
Spread (4.87, (0.06; (L04 (5.38 (371
. 13.99 2.34 1.66 4.36 5.94
Transtory_Volatility; ; (470, (5.46, @77 (364 (441)
. . -60.13 -8.34 -5.52 -22.27 -19.77
Informational _Volatility;., (-2.96 (3.78 (-3.44 (2.78 (:3.04
. -875.05" -104.67" -87.19" -353.73" -256.46"
Same_Side_Depth. (-8.46" (-7.46 (-7.12 (851 (-7.18
630.84 85.39 86.99 211.12 187.72
Other_Side_Depthi (7.19 (6.64 (7.84 (6.00. (6.46,
Limit_Sze, 13&%%5 — —
' 233.54"
Day; - (10.77 T - -
454.38
Non_Day; — — (13.36 — —
. ' 911.26”
Foreign, - - - (157.74 -
Proprietary, — — — — 1(423 flg
Observatio 920¢ 920¢ 9204 920¢ 920¢
Adjusted Fsquare 0.15 0.1¢ 0.2¢ 0.37 0.0¢
F-tes 55.4¢ 87.9¢ 147.5] 215.7. 36.1:

Note: This table presents the regression analysis rethdtsexamine whether the lagged spread, laggetiltyl, lagged same side depth, lagged other side
depth and limit order size by the trader type \&ésa affect limit orders in the futures contract Xl The regression analysis model is specifiecotiewss,

NLM, =a + B,Spread,_, + S,Transtory _Volatility,_, + B;Informational _Volatility,_, +

19
B,Same_Side_Depth,_, + S.,Other_Side_Depth,_, + S,Limit _ Size, + Z B:;D, +&
j=1

Thedependent variablHLM; is equal to the sum of limit orders minus marketeos and marketable limit orders for each tragiees during
15 minutes interval. The trader types are claskifig Individual Day Traders, Individual Non-Day @eas, Foreign Institutional Traders, and
Proprietary Firm Traderspread,.; is the average of dollar quote spread during fimerval t-1; Transtory Volatility,.; denotes transitory
volatility lagged one period;informational_Volatility,; represents informational volatility lagged one ipgr Same Sde Depth,
(Other_Sde Depth,,) is measured as the average number of limit oratettse best bid (ask) just prior to a buy ordstibmission, and as the
average number of limit order at the ask (bid) jurgtr to a sell order’s submission during timeemvial t-1;Limit_Sze, is the average of limit
orders during time interval t for all traders, mdual Day Traders, Individual Non Day Traders, étgn Institutional Traders, and
Proprietary Firm Trader®;isthetime-of-day dummy variables for each 15 minutesrivdl (i.e., 08:45 a.m.-09:00 a.m.,...,13:15 p.m303:
p.m.). The specification db; is discussed in equation (1). To save the spaeejownot report the dummy variables results. Ttistic is
reported in parentheses for each estimate. *** arfd * indicate significance at the 1%, 5%, and 169&ls, respectively.
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Table 6: Elasticity of net limit order submissions with pegt to market condition variables and limit

order size.
Trader Individual Day  Individual Non Foreign Futures
Variables ALL Trader Day Trader Institutional F_’ropnetary
Trader: Firm Trader
Soread;; 0.69 0.01 0.08 0.99 0.69
Transtory Volatility, ; 0.12 0.11 0.09 0.11 0.17
Informational_Volatility.; -0.15 -0.12 -0.08 -0.17 -0.17
Same_Sde Depth; -1.05 -0.68 -0.62 -1.24 -1.00
Other_Sde Depthy; 0.77 0.57 0.64 0.76 0.75
Limit Sze 0.50 — — _ _
Day; — 0.40 — — —
Non_Day; — — 0.85 — —
Foreign, — — 1.58 —
Proprietary; — — — -0.18

Note: This table presents the estimates of the elastidiSpread, ;, Transitory_Volatility..;, Informational_Volatility; ; , Same Sde Depth; Other Sde Depth
+1, andLimit Order Szefrom regression model on the influences of the miacknditions on liquidity provision by trader tymee Table 5). The elasticity is
measured as each regression coefficient multihiesiverage of independent variable and dividehé&yverage of dependent variable. The trader gpes

classified by Individual Day Traders, Individual N®ay Traders, Foreign Institutional Traders, angpHetary Futures Firm Traders. The regressionehod
is specified as follows,

NLM, =a + B,Spread,_, + G,Transtory _Volatility,_, + B;Informational _Volatility,_, +

19
B,Same_Side_Depth,_, + S,Other_Side_Depth,_,+ S.,Limit _ Size, + Z B:;D; +¢&
j=1

The dependent variabl®&LM, is equal to the sum of limit orders minus marketeos and marketable limit orders for each traglpes during 15 minutes
interval. Spread,; is the average of dollar quote spread during timterval t-1; Transtory Volatility,; denotes transitory volatility lagged one;
Informational_Volatility,; represents informational volatility lagged oneipeér Same_Side Depth ; (Other_Sde Depth ;) is measured as the average
number of limit orders at the bid (ask) just priora buy order's submission, and as the averagéaunf limit orders at the ask (bid) just prioracsell
order’s submission during time interval timit_Szeis the average of limit orders during time intervébr all traders, Individual day Traders, Indivi
non-day Traders, Foreign institutional traders, Braprietary futures Firm Traders respectiydlyis thetime-of-day dummy variables for each 15 minutes
interval (i.e., 08:45 a.m.-09:00 a.m.,..., 13:15 pIr8:30 p.m.). The specification &f;is discussed in equation (1). To save the spacelon®ot report the

dummy variables results. The t-statistic is regbiite parentheses for each estimate. ***, ** an¢hdlicate significance at the 1%, 5%, and 10% lgvels
respectively.
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Table 7: Regression results on the influences of marketlitons on liquidity provision by trader types

on 30 minutes interval

Individual Individual Non Foreign Futures
Time Interval ALL Dav Trader Dav Trader Institutional Proprietary
y y Trader: Firm Trader
38.15 0.9z 152 18.86 950
Spreadsy (7.80) (1.29) (2.76) (8.05) (4.35)
. 48.27" 6.38" 461" 17.86" 17.36"
Transtory_Volatility: (9.75) (8.90) (8.34) (7.51) (7.88)
: . 119082 25,67 -16.09 7863 5289
Informational_Volatility., (-11.89) (-11.08) (-9.02) (-10.27) (-7.34)
. 34418 2198" 26.27" 17554" 8254
Same_Sde Depthl-5;, (-7.60) (:3.35) (-5.22) (-8.14) (-4.05)
. 33086 274" 31.2C° 15614 79.88"
Other_Side_Depthl-5:, (7.22) (3.43) (6.11) (7.26) (3.88)
Limit_Sze, 12(?;5121) — — — —
38289
Day: - (18.73) - - -
Non_Day; — — 8(?;,,%?’168) — —
. 179C47"
Foreign; - - - (42.69) -
Proprietary, — — — — Z11815416)
Observatio 442; 442; 442; 442; 442;
Adjusted Fsquare 0.12 0.18 0.2¢ 0.38 0.10
F-tes 41.94 63.36 11227 178.56 365.32

Note: This table presents the robustness test on regresssults by trader type categories in the futwastract FITX on thirty minute
interval. The regression model is specified aofed,
NLM, =a + B,Spread,_, + S,Transtory _Volatility,_, + B;Informational _Volatility,_, +

19
B,Same_Side_Depthl-5,_, + S,Other_Side_Depthl-5_, + S,Limit _ Size, + Z B,,D; +¢&

j=1
Thedependent variablELM; is equal to the sum of limit orders minus marketeos and marketable limit orders for each tragees during
30 minutes interval. The trader types are clagkifig Individual Day Traders, Individual Non-Day @es, Foreign Institutional Traders,
and Proprietary Firm Trader§pread,; is the average of dollar quote spread during tinterval t-1; Transtory_Volatility ; denotes
transitory volatility lagged one periothformational_Volatility,, represents informational volatility lagged oneipgrSame Side Depthl-
5.1 (Other_Sde Depthl-5,,) is measured as the average number of limit ordethe bid 1 to 5 (ask 1 to 5) just prior to a lmrger's
submission, and as the average number of limitrerdethe ask 1 to 5 (bid 1 to 5) just prior taedl srder’s submission during time interval
t-1; Limit_Szeis the average of limit orders during time interv&br all traders, Individual day traders, Indival non- day traders, Foreign
institutional traders, and Futures proprietary fifnaders respectivel\D; is the time-of-day dummy variables for each 15 minutesrivl
(i.e., 08:45 a.m.-09:00 a.m. to 3:15 p.m.-13:30.p.Mhe specification dD;is discussed in equation (1). To save the spacelowet report
the dummy variables results. The t-statistic ioorga in parentheses for each estimate. ***, **darnindicate significance at the 1%, 5%,
and 10% levels, respectively.
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Figure 1. Intraday average numbers of limit and market osilgrmission by four type of traders. The graph
depicts the average number of orders submitteachguhie 15-min intervals of each trading day for fiteres
contract FITX from January 1, 2007 to DecemberZ8. The limit and market order are divided irgarf
types of traders. They are Individual Day Tradérdividual Non-Day Traders, Foreign Institutionaiadlers,
and Futures Proprietary Firm Traders.
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Figure 2(a): The intraday —day patterns of limit order subnaisgiatios by trader types during full

sample period (January 2007 to December 2008).
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Figure 2 (b): The intraday —day patterns of limit order subnassratios by trader types in the pre
financial crises period (January 2007 to July 2007)

Figure 2 (a) and (bdepict the means of limit order

submission ratiosrdy the 15-min intervals of each

trading day for the futures contract FITX for fdhmple period and pre-global financial crisis perio
respectively. The pre-open session is from 8:30 tAN:45AM. Submission ratio is defined as the ratio
of the number of limit order to the sum of his lirand market orders during each 15-minute intefiia¢
four types of traders are: Individual day tradénslividual non-day traders, Foreign institutionaders,

and Futures proprietary firm traders.
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Figure 3a: The intra-day patterns of the size of limit ordeystrader types
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Figure 3b: The intra-day patterns of the size of market ardsrtrader types.

Figure 3: plots the means of order sizes of limit and maxketer by trader type during the 15-min

intervals of each trading day for the futures cactt=ITX from January 1, 2007 to December 31, 2008.
The pre-open session is from 8:30 AM to 8:45AM.Tbar trader types are: Individual day traders,
individual non-day traders, Foreign institutiorraders, and Futures proprietary firm traders.
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Appendix Al: Daily limit and market order statistics by trat\gre categories

Individual Day Traders Individual Non Day Traders Foreign Institutional Traders Futures Proprietary Firm Traders
Time Interval . Limit (.)rd.er o Limit Qrd'er o Limit O.rd'er o Limit (.)rd'er
Limit Market  Submissiol Limit Market ~ Submission Limit Market  Submissior Limit Market  Submission
Ratio (%) Ratio (%) Ratio (%) Ratio (%)
08:30-08:45" 1103.57 122.29 0.9040 1473.78 365.73 0.8166 171.29 57.96 0.6702 459.20 56.03 0.8820
1. 08:4:-09:0( 2424.7. 654.1¢ 0.797( 3231.7¢ 1319.8: 0.721( 2,501.5: 254.4¢ 0.890: 3,018.8¢  306.0: 0.901:
2.09:0¢-09:1¢ 3077.6t 1102.9¢ 0.743¢ 2779.1" 1186.4¢ 0.705¢ 3,831.2t 303.2: 0.908¢ 3,579.1( 338.37 0.901¢
3.09:15-09:30 2936.30 1034.12 0.7504 2581.28 995.39 0.7272 3,835.20 232.38 0.9223 3,302.74 272.26 0.9112
4,09:30-09:45 2673.91 932.80 0.7533 2354.64 829.55 0.7448 3,623.15 191.67 0.9271 3,021.31 225.30 0.9138
5. 09:4%-10:0C 2605.3: 926.5: 0.752: 2293.5. 819.9¢ 0.743: 3,292.0: 174.2( 0.924¢ 2,861.9¢ 221.0¢ 0.917¢
6. 10:0¢-10:1¢ 2449.8¢ 891.6¢ 0.747¢ 2156.6(  751.3¢ 0.750¢ 3,040.3° 163.4: 0.923: 2,657.3( 201.5: 0.920¢
7.10:1%10:3( 2337.7 855.7¢ 0.748( 2044.1¢  691.9¢ 0.757¢ 2,779.5( 146.1: 0.924¢ 2,574.2. 185.4¢ 0.923:
8.10:30-10:45 2125.85 782.23 0.7484 1856.87 621.92 0.7594 2,650.45 135.19 0.9298 2,466.49 155.03 0.9307
9.10:45-11:00 2133.24 808.98 0.7451 1904.51 646.31 0.7600 2,642.69 128.24 0.9312 2,545.49 173.42 0.9283
10. 11:0-11:15  2041.1¢ 753.9: 0.748: 1794.0: 598.8° 0.763¢ 2,486.6° 131.5¢ 0.924¢ 2,391.5  154.4¢ 0.930(
11.11:1%12:3C 2147.2! 815.8: 0.740¢ 1911.1¢ 667.9¢ 0.756: 2,518.3" 139.4: 0.9267 2,521.4t 180.5¢ 0.926(
12.11:30-11:45 2296.42 842.66 0.7471 1952.57 680.48 0.7555 2,673.03 142.28 0.9269 2,624.35 184.31 0.9249
13. 11:45-12:00 2267.86 848.34 0.7432 1943.20 698.52 0.7489 2,78456 137.32 0.9280 2,578.61 183.63 0.9276
14. 12:0-12:15  2205.4: 820.6¢ 0.748: 1824.7° 665.4 0.751¢ 2,882.3: 136.7¢ 0.930: 2,517.6¢ 176.3¢ 0.930:
15.12:1-12:3C 2288.9: 833.5! 0.750¢ 1963.8°  707.1¢ 0.753: 2,942.3. 148.5¢ 0.925¢ 2,624.4  193.4. 0.925:
16. 12:3(-12:48  2219.4 802.2: 0.752¢ 1916.4« 666.7( 0.754¢ 2,830.2: 132.7( 0.933: 2,602.5" 173.6¢ 0.927:
17.12:45-13:00 2310.13 813.67 0.7529 2034.33 723.50 0.7474 2,924.13 137.78 0.9305 2,649.82 190.02 0.9236
18. 13:00-13:15 2369.42 837.12 0.7539 2161.32 781.13 0.7459 3,162.03 184.32 0.9205 2,738.87 209.08 0.9185
19. 13:1-13:3C 1938.8! 642.1¢ 0.7617 2040.3¢  722.3¢ 0.749¢ 3,054.1' 245.8: 0.901¢ 2,378.7¢  171.6: 0.924¢
20.13:3(-13:45  1764.5. 825.3: 0.675: 2500.2¢ 1243.2( 0.666" 2,277.6¢ 349.6% 0.839’ 2,800.6: 359.6] 0.864¢

Note: This table presents daily means of limit ordersrkmiaorders and limit order submission ratios dgri'b minutes interval for Individual day tradersdividual non- day traders, foreign
institutional traders, and Futures proprietary firaders of the futures contract FITX. The Limitwan is defined as the mean of limit orders sunirduthe 15-minute intraday interval. The Market
column is defined as the mean of market orderschwvis the sum of pure market orders and marketabieorders, sum during the 15-minute intradayemal. The Limit Order Submission Ratio is
defined as the means of the ratio of the limit csde the sum of the limit, market orders during i5-mintue intraday intervaidenotes the pre-open trading period from 8:30 AN8:#6AM for
each trading day.
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Appendix A2: Limit and market order size statistics by traggetcategories

Time Interval Individual Day Trader Individual Non Foreign Institutional Futures Proprietary Firm
Day Trade Traders Trader:
Limit Market Limit Market Limit Market Limit Market
08:30-08:45" 2.1¢€ 2.0C 2.6¢ 2.4¢ 11.1¢ 31.4¢ 5.94 7.3¢
1. 08:45-09:00 2.24 1.83 2.39 2.19 5.49 8.57 2.87 4.35
2. 09:00-09:15 2.42 2.02 2.39 2.28 5.03 6.69 2.58 3.89
3. 09:1:-09:3( 2.3z 2.0C 2.3¢ 2.3C 5.0¢ 6.0: 2.51 4.0¢
4. 09:3(-09:4¢ 2.2¢ 1.9¢ 2.41 2.3C 5.1¢F 6.14 2.4¢ 4,12
5. 09:45-10:00 2.29 1.98 2.46 2.34 5.08 5.95 2.46 4.21
6. 10:00-10:15 2.24 1.97 2.48 2.35 5.11 5.89 2.39 4.19
7.10:1-10:3C 2.2z 1.9¢ 2.47 2.34 5.0t 5.51 2.3¢ 4.04
8. 10:3(-10:4¢ 2.1F 1.9¢ 2.4z 2.3F 4.8: 5.47 2.37 3.9¢
9. 10:4%-11:0C 2.1z 1.9¢ 2.47 2.3t 4,91 5.2¢ 2.41 4.1¢
10. 11:00-11:15 2.16 1.97 2.48 2.37 4.89 5.57 2.40 4.09
11.11:15-11:30 2.19 1.99 251 2.40 4.89 5.18 2.40 4.07
12. 11:3¢-11:4¢ 2.2¢ 2.0C 2.5C 2.4C 4.9¢ 5.31 2.4% 3.54
13. 11:4%-12:0C 2.2t 2.0z 2.4~ 2.41 5.11 5.0¢ 2.4C 3.84
14. 12:00-12:15 2.29 2.04 2.42 2.39 5.18 5.04 2.35 4.05
15. 12:15-12:30 2.33 2.04 2.50 2.40 5.22 4.87 2.37 4,22
16. 12:3(-12:4¢ 2.34 2.04 2.5C 2.37 5.1¢ 4.8( 2.45 4.0¢
17. 12:4-13:0C 2.37 2.0F 2.51 2.4C 5.14 4.7¢4 2.4z 4.1¢
18. 13:0¢-13:1¢ 2.41 2.0t 2.52 2.3¢ 5.2¢4 4.47 2.4z 4.18
19. 13:15-13:30 2.39 2.00 2.53 2.35 5.44 4.93 2.41 4.20
20. 13:30-13:45 2.42 2.00 2.60 2.36 5.61 7.18 2.80 4.16

Note: This table presents the means of the size of Bimit market orders of FITX futures during 15 minuteerval for individual day traders, individual moday
traders, foreign institutional traders, and futupesprietary firm traders respectively. The Limilemn is defined as the mean of limit order durihg 15-minute y
interval. The Market column is defined as the mehmarket orders, which is the sum of pure markeiers and marketable limit orders, during the 15ute
interval.“denotes the time from 8:30 AM to 8:45AM is a presopirading period for each trading day.
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