The Microstructure of Trading
Processes on the Singapore Exchange

Murphy Lee

Doctor of Philosophy
Finance Discipline Group
University of Technology Sydney

January 2013



Certificate of Authorship / Originality

| certify that the work in this thesis has not previously been submitted for a
degree nor has it been submitted as part of requirements for a degree except fully

acknowledged within the text.

| also certify that the thesis has been written by me. Any help that | have received
in my research work and the preparation of the thesis itself has been
acknowledged. In addition, | certify that all information sources and literature

used are indicated in the thesis.

Signature of Student

Murphy Lee



Acknowledgements

| gratefully acknowledge the support and assistance provided by my primary
supervisor, Professor Terry Walter. In particular, | would like to thank him for
providing me with exceptional advice towards my thesis and career development
over the past three and a half years. My research has also benefitted enormously
from the outstanding guidance of my secondary supervisor, Professor David
Michayluk, who provided me with excellent advice and unending support. The
financial support provided by the Capital Market Cooperative Research Center
(CMCRC) and the Singapore Exchange (SGX) is gratefully acknowledged. | also
sincerely thank the Singapore Exchange for offering excellent facilities and
resources with which to conduct my research. The assistance and support
provided by the “Markets” group at the Singapore Exchange is gratefully
acknowledged. In particular, | sincerely thank my colleagues in the “Product and
Market Development”, “Securities”, “Derivatives” and “Sales and Clients”
departments. Additionally, | sincerely thank my colleagues at the CMCRC for their
guidance and support towards my thesis. Special thanks go to my friends, I-ming
Chia, Ben Kwek, Ernest Goh, William Pang, Melvin Yeong, Lawrence Tan, Peter Tan
and family, Richmond Su and family, Adrian Han and family, Jeremy Chan and
family, and Jenny Suh. Thank you for your support and encouragement over this
period of time. Finally, | extend my most heartfelt thanks to my parents and my
dearest wife, Wendy for their patience and endless support during this time.

Without them, this thesis would not have been possible.



Table of Contents

Certificate of Authorship / Originality.......cccceeiiiiiiieiiiiee e i
AckNOWIEdEEMENTS.....oiviiiiiieeeeeeeee e, ii
LISt Of FIGUIES . uuviiiiiiiiiiiiiiitiiteeee ettt e e e e e e e e e e e e e e e e e e e e eeeeeeeeeaaaaaaaaaaaaaaaaaaaaaaaeas viii
LISt OF TABIES ...ttt et sbae e s X
ADSTIACT .ttt b e sttt be bbbt b et senn s Xii
Chapter 1 INtroduction ..............coooiiiiiiiiiiii e 1

1.1  An Overview of the Singapore EXChange........cccccccuuvurerviivviiininneiininninnnnns 1

1.2 The Impact on Market Quality and Execution Quality of a Reduction in
the Minimum Bid Schedule on the Singapore Exchange...........ooovvvviiiiiil. 2

1.3 The Price Impact Costs from the Packaging of Individual Trades on the
SiNgapore EXChange ..., 3

1.4 Order Submissions from Active Trading Accounts — Pseudo Market

Makers or General INVESTOrS?.......coiiiiiiiiiiiiee e 4
15 SUMIMIAIY e e et e e e e e e e eeeeas 5
Chapter 2 An Overview of the Singapore Exchange ..............c.ccocoeeiieene. 7
2.1 INTrOUCTION ceeieiiiee e e 7
2.2 Organisational Structure of SGX ........cccciiiiiieiiicciiee e 7
2.3 Products and SEIVICES.....ccciiiuuiiiiiiee ittt e e e ettt e e e s ssiireeeeee s s e 9
2.4 LISTING ON SGX.uuiiiiiiiie it e et e e et e e e e e e e et e eeaaa e 11
2.5  Market Structure and Trading Processes on SGX .........ccccceevvvurivieeeeennnn. 14
25.1 Securities Market.......coooueeiiiiiieee e 15
2.5.2 Derivatives Market..........oocueii i 24
2.6 Risk Management and Regulatory Framework on SGX..........cccccveeeeennn. 31
2.7 Stock INAICES ON SGX ...eeiiiiiiiiiiiiiiee ettt 34
2.8  Growth of the SGX Securities and Derivatives Markets........c...ccccveenne. 37
2.9 SUMIMIAIY ittt et e e et s e e et e e e et e e e aat e e e eata e e e eara s 40



Chapter 3 The Impact on Market Quality and Execution Quality of a

Reduction in the Minimum Bid Schedule on the Singapore Exchange ...... 41
3.1 INErOUCTION coeeeeeeeee ettt e e e e e e e e e e e 41
3.2 Literatur@ REVIEW ......ccciiiiiiiiiiiiiiiiiiiiiiii 44

3.2.1 Discussions into the Optimal Tick Size Structure........ccccceeeeennnnne. 44
3.2.2 Theoretical Evidence on Minimum Tick Size ........ccoovviieiiiiiieennnnns 46
3.2.3 Empirical Evidence on Minimum Tick Size ........cccccuvvvvviviiiiinnnnnnnns 47
3.24 Cross-sectional Effects into a Reduction in Tick Size..........ccc......... 56
3.3 Data.ciiiiiiiiiiii 57
3.3.1 Sample Selection.........cuuvivviiiiiiiiiiiieeeeeeeeee e, 58
3.3.2 Descriptive StatistiCs ..ouuuiiiiiii e 59
3.4 MethodOolOgY....ccooviiiiiiiiiiiiiiiiieeeee 60
3.4.1 Empirical Models of the Impact on Market Quality...........c........... 63
3.4.2 Empirical Analysis into the Impact on Front-Running.................... 65
3.5 RESUIES ettt 68
3.5.1 Univariate Results into the Impact on Market Quality .................. 68
3.5.2 Multivariate Results into the Impact on Market Quality ............... 72
353 Univariate Results on Order Submissions for the Overall Market..78

3.5.4 Results on the Type of Order Submissions for the Overall Market 81
3.5.5 Multivariate Results into the Impact on Front-Running ................ 85
S ST 010 0 0 =1 Y23 U 87

Chapter 4 The Price Impact Costs from the Packaging of Individual Trades

on the Singapore EXchange...........c.cocooviiiieiece e 89
o R 1o (e To [V o T o PRSP PPPPPPPPPPPP 89
4.2 Literature REVIEW ....couvuiiiee e 93

4.2.1 Price Impact Costs Surrounding Block Trades ........ccccceeeuvurunnnnnnnns 93

4.2.2 Hypotheses to Explain the Effects of Block Trades on Stock Prices 94
4.2.3 Empirical Evidence on Price IMpacts.......ccccccuveeeevevnviiiiiineennninnnnnns 96

4.2.4 Bid-Ask BOUNCE EffECtS...cciivveiiiiiiiiiiiiieeeeee e 103



N N D - | = PP 105
431 Definition of @ Block Trade .......c.eeeiiiiiiiiiiiiieeiiiieeeeee e 106
4.3.2 Descriptive StatiStics .....covvviviiiieie e 109

N \V/ =Y d o To Yo o] [o =V UURR 118
4.4.1 Determinants of Price Impact CoSt.......cccoeiiiiiiiiiiiiice 123
4.4.2 Alternate Benchmark to Assess Execution Performance of Packages

................................................................................................................ 128

A5 RESUILS ceeiieiieiie ettt e 129
4.5.1 Liquidity EFfeCt .ovvveeiiiiieie e 129
4.5.2 Packaging EffeCt.......ccccuuvviiiiiiiiiiiiiiiiiiiiiiiirieeeeeereve e e e 133
453 Information Effect.......ccooviiiiiiii e 137
4.5.4 Stock Price Movements of Different Trade Sized Packages.......... 138
4.5.5 Results on Interaction GroupPs ........eeeeeeeeecceiieeeeeeeeecciiieeee e e e e 144
4.5.6 Multivariate Results on Liquidity Effect ........ccccceeeeiiinnnnnninnnnnnn. 149
4.5.7 Alternate Benchmark to Assess Execution Performance of Packages

................................................................................................................ 152

4.6 SUMIMAIY . ittt ettt e et e e e atae s e eeaas s e eaaa s eeeaaasseeeesnnseansnnnaes 155

Chapter 5 Order Submissions from Active Trading Accounts — Pseudo
Market Makers or General INnVestors?.............ccccooeeienenieneencneecseeee 159

5.1 INtrodUCTION ceeeieiiiieiecec e 159

5.2 Literatur@ REVIEW ......cciiiiiiiiiiiiiiiiiiiiiiie 162
521 Order Submissions in Limit Order Markets ..........ccccceeevviivreeeennn. 162
5.2.2 Theoretical Models Surrounding Order Submission Strategies.... 163
5.2.3 Empirical Evidence Surrounding Order Submission Strategies..... 165
5.2.4 Designated Market Makers in Financial Markets ..........ccccceuunn... 168
5.2.5 Theoretical Predictions Surrounding Designated Market Makers 169
5.2.6 Empirical Evidence into the Behaviour of Designated Market
IVLEKEIS ...ttt s st bbb e 171
5.2.7 Empirical Evidence into the Introduction of Designated Market
IVLEKEIS ..ttt et st e st st bbb b et bttt s 174



5.3  Description of the Market Structure and Dataset .......cccccceeeeevvvvneennnn. 178

53.1 D) - PSP UPPPPTRUPPPRR 179
5.4 MethodOlOgY......ccuvviiiiiiiiiiiiiiie e 180
5.4.1 Order SUBMISSION RAte....cccoiuiiiiiiiiiiieeiiee et 181
5.4.2 Individual Trading Account as a Pseudo Market Maker............... 183
5.4.3 Definition of a Pseudo Market Maker.........cccovvvieiiiiiieniniiieenn, 184
5.4.4 Multivariate Analysis into Pseudo Market Makers...................... 190

5.4.5 Intraday Order Submission Behaviour of Pseudo Market Makers194

DD RESUIES ettt 196
5.5.1 Multivariate Results on Pseudo Market Makers ............cccoeuueeee. 196
5.5.2 Limit Order Submissions of Pseudo Market Makers.................... 197
553 Market Order Submissions of Pseudo Market Makers................ 201
5.5.4 Alternate Benchmarks to Identify Pseudo Market Makers.......... 204

5.6 SUMMAIY ot 210

Chapter 6 ConClUSIONS...............cocoviiiiiiiceecee e 213

Appendix A: GLS Regression Results on Front-Running Behaviour ................. 217

Appendix B: OLS with Newey-West Standard Errors Regression Results on

LiQUIitY EFfECT ..ttt e e e e e e e e e e e e e e e e aaaaaaa s 218
Appendix C: Liquidity, Packaging and Information Effects for Trade Packages
(Benchmark Price is +/-5 Trad@s) c..uuuveeeeeeieeeieeeeee e e eeeieeeee e et 219
Appendix D: Liquidity, Packaging and Information Effects for Individual Trades
(Benchmark Price is +/-5 Trad@s) c..uuueeeeeeeiiceieeeieee e eeeiieeeee e eeeieee e e 221
Appendix E: Liquidity, Packaging and Information Effects for Interaction
Categories in Trade Packages (Benchmark Price at +/- 5 Trades).................. 223
Appendix F: Liquidity Effect when Daily VWAP is used as Benchmark ............ 225

Appendix G: OLS Regression Results on Order Submissions at 15-minute
T e LYY= LRI 226

Appendix H: GLS Regression Results on Pseudo Market Maker’s Order
SUDIMISSIONS ...vtiieiee e e e ettt e e e e e e e e e e e e e e e s arraeeeeeeesessrraneeeeesannns 228

Appendix I: Fixed Effects Regression Results on Pseudo Market Maker’s Order
SUDMISSIONS it 230

Vi



Appendix J: GLS Regression Results when Order Submission Rate is from 5% to

L00.uteeeutieert ettt s ettt ee e e et tte e a e e e e e e etaeen e e eanbaeenreeans 232

Appendix K: Fixed Effects Regression Results when Order Submission Rate is

FrOM 5% 10 10%..cceeeiiieiiieeeeeeeeeeeeeeeeeee e 234
REFEIENCES. ...ttt sttt st st st et b et e b st e e n sae e benteneanas 236

vii



List of Figures

Figure 2-1: SGX Organisation Chart..........cceeeeiiiiiiiiiiiiiiiiieeeieeeeeeee e, 8
Figure 2-2: Yearly Net ProfitS.......uuiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeee e 10
Figure 2-3: SGX Mainboard to Catalist Stocks by Market Capitalisation................ 11
Figure 2-4: Number of SGX Listed Companies and Market Capitalisation............. 12

Figure 2-5: Number of Domestically-Owned and Foreign-Owned SGX Listed

(0] 101 0= | 011U UPPR 13
Figure 2-6: Number of Listed Companies across Asia-Pacific Exchanges............... 14
Figure 2-7: Explicit Transaction Cost across Asia-Pacific Exchanges...................... 20
Figure 2-8: Overview of SGX Stock Market INdiCeS.......uuvveeeeirrieiiieiiiieiiieeeeeeeeeeee, 35
Figure 2-9: 10-Year Performance of STI and SIMSCl .............uvvvvivreiiereerereniieeeeeennns 36
Figure 2-10: Total Volume and Traded Value on the SGX Securities Market......... 37
Figure 2-11: Average Daily Turnover on the SGX Securities Market ..................... 38

Figure 2-12: Traded Volume of SGX Equity Index Futures and Options Contracts.39
Figure 2-13: Year-on-Year Growth of Asian Derivatives Markets............ccccvvvvennes 40
Figure 4-1: Descriptive Statistics for Buy Packages by the Number of Trades..... 113
Figure 4-2: Descriptive Statistics for Sell Packages by the Number of Trades .....114

Figure 4-3: Descriptive Statistics when Grouped by the Duration of Buy Packages

......................................................................................................................... 116
Figure 4-5: Relationship between Trades in Buy Packages and Duration of Buy

PACKAZES ...vvvviiiiiiiiieiitetttt ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et aaaaaaaaaaaaaaaaaaaaans 117
Figure 4-6: Relationship between Trades in Sell Packages and Duration of Sell

PACKAZES .. vvvvvetiiiiiiitiittttt ettt ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaaaaaaaaaaaaaaans 117
Figure 4-7: Price Movements of Buy Packages.........ccccuvvvvviviviviiiiiiiiiineeieeeeeeeeees 119
Figure 4-8: Price Movements of Sell Packages ..........uuvvveveveeeeeiiiiiieeieiieeeeeeeeeeee, 120
Figure 4-9: Various Scenarios for Buy Packages ............uueveeeeeeeeeeeieeeeeieeeeeeeeeeeenn, 139
Figure 4-10: Various Scenarios for Sell Packages...........uuevveeeeeeeeeeieeiiiiieieeeeeeeenn, 142

Figure 5-1: Distribution of Active Trading Accounts by Order Submission Rate .. 185

viii



Figure 5-2: Placements of Buy Orders and Sell Orders ........cccceeeveuverennnns

Figure 5-3: Limit and Market Order Submissions at Half-Hourly Intervals ..........

Figure 5-4: Average Daily Participation Rate of Active Trading Accounts



List of Tables

Table 2-1: Minimum Bid Schedule for All SECUFItieS.........covviivueiiiiiiieeeeiieeeeeiinan, 17

Table 2-2: Summary of Major Market Structure for Securities and Derivatives

1Y 1 ] PP 30
Table 3-1: Minimum Bid Schedule Pre and Post 24" December 2007 .................. 59
Table 3-2: Descriptive Statistics for Affected and Unaffected Stocks................... 60

Table 3-3: Cross-sectional Market Quality Measures Pre and Post 24™ December

Table 3-6: Cross-sectional Market Quality Measures for Order Submissions Pre
and Post 24" DCEMDEr 2007 ........cevevevevreereeeeereeeeeeeeeeesesesessesesssesesssssesesesnans 80
Table 3-7: Cross-sectional Market Quality Measures for Order Submissions by
Order Type Pre and Post 24" December 2007 .........oeveeeeeeeeeeeereeeeeeeeeeeeneens 83
Table 3-8: OLS Regression Results on Front-Running Behaviour.......................... 85

Table 4-1: Average Time Taken for Complete Execution of a Trade Package...... 108

Table 4-2: Trading Indicators of Institutional and Retail Investors...................... 109
Table 4-3: Trading Indicators by Package Size.........ceeveveeeeeeeeeeiiieiiiiieeeeeeeeeeeeeee, 111
Table 4-4: Trading Indicators for Buy and Sell Packages by Package Size............ 112

Table 4-5: Liquidity, Packaging and Information Effects for Trade Packages....... 131
Table 4-6: Liquidity, Packaging and Information Effects for Individual Trades .... 135
Table 4-7: Descriptive Statistics for Interaction Categories ................ccccoeeeee. 145
Table 4-8: Liquidity, Packaging and Information Effects for Interaction Categories
IN Trade PACKAZES ...ttt e e e e e e e e e e e e e e e eeeeeeeeaaaaaaaaeens 146
Table 4-9: OLS Regression Results on Liquidity Effect ...l 150
Table 4-10: Liquidity Effect when Buy-Side and Sell-Side VWAP is used as
BENCAMAIK. .. 153
Table 5-1: Descriptive Statistics for the Top 100 SGX Listed Stocks .................... 183



Table 5-2: Descriptive Statistics for the 42 Stocks and their Trading Accounts ... 187
Table 5-3: Descriptive Statistics of Limit and Market Order Submissions............ 189

Table 5-4: OLS Regression Results on Pseudo Market Maker's Order Submissions

Xi



Abstract

This thesis contains three papers that examine various issues pertaining to the
market structure and trading processes on the Singapore Exchange (SGX).
Through the use of proprietary data from SGX, each paper addresses a unique
area that is often overlooked in literature but is a well-documented practice
among market participants in global financial markets. The conclusions drawn
from these papers provide a thorough understanding of the structure and trading
processes used on SGX. Hence, empirical evidence presented in this thesis will be
of considerable interest to academics and non-academics alike. In particular, the
evidence presented here can potentially aid policy developments for the
Singapore financial market. The first paper investigates the effects of a reduction
in the minimum tick size on SGX. Although both quoted and effective spreads are
found to decrease, trading volume and market depth are adversely affected.
Despite this, execution quality has not worsened. Front-running behaviour, an
area which is keenly discussed in the literature but not tested directly due to data
limitations, is also examined. Conducting a direct test on order submissions shows
that the tick size reduction has caused front-running to exacerbate. The second
paper examines the price impact costs of all trades. Although investors are known
to break up large trades into smaller orders, a majority of the empirical literature
calculates price impact costs from individual trades. Through implementing a
more accurate re-packaging process, this paper shows that misleading results
might be inferred when an individual trade is supposedly part of a trade package.
In addition, this paper extends the literature by proposing a new measure to
evaluate the execution performance of trade packages. The third paper examines
the evolution of liquidity in a pure order-driven market. Two distinct sets of
literature dominate this area. One set suggests that liquidity provision can be
entirely endogenous, thus eschewing the need for designated market makers. The
other argues and presents empirical evidence into the importance of designated

market makers. However, the former overlooks the known fact that some traders

Xii



follow a market making strategy. Hence, this paper proposes that pseudo market
makers might already exist in a pure order-driven market. Examining order
submissions from access to information for all trading accounts, the evidence
shows that the largest active trading accounts act as pseudo market makers. This
result suggests that liquidity formation is not only intertwined between informed
and uninformed investors, but also shows that pseudo market makers play an

important role in the evolution of liquidity.
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