Financial Markets with

Multidimensional Uncertainty

Nihad Aliyev

A dissertation submitted in partial fulfilment of the requirements for the degree
of
Doctor of Philosophy
in

Finance Discipline Group
UTS Business School

University of Technology Sydney

April 4, 2019


https://www.aliyevnihad.com

Statement of Originality

I certify that this dissertation titled ‘Financial Markets with Multidimensional
Uncertainty’ has not previously been submitted for a degree nor has it been sub-
mitted as part of requirement for a degree except as fully acknowledged within the

text.

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

used are indicated in the dissertation.

Production Note:
Signature: Signature removed prior to publication.

Date: 4 April 2019




Working Papers

1. Aliyev, N. and He, X. (2018a), ‘Ambiguous price formation’, Working paper,
UTS Business School is based on Chapter 2 of this dissertation and has been

presented in the following conferences;

e 2017 American Finance Association Annual Meeting, Chicago, USA,
e 2017 Investment Management Research, Sydney, Australia,
e 2017 Computing in Economics and Finance, New York, USA,
e 2017 Quantitative Methods in Finance, Sydney, Australia.
2. Aliyev, N. and He, X. (2018b), ‘The pricing of composition uncertainty’,

Working paper, UTS Business School is based on Chapter 3 of this disser-

tation and has been presented in the following conferences;

e 2018 Financial Management Association Meeting, San Diego, USA,
e 2018 FIRN Ph.D. Symposium, Brisbane, Australia,
e 31st PhD Conference in Economics and Business, Sydney, Australia,
e 2018 Quantitative Methods in Finance, Sydney, Australia,
e 2019 Computing in Economics and Finance, Ottawa, Canada.
3. Aliyev, N., He, X. and Putnins, T. (2018), ‘Learning about toxicity: Why or-
der imbalance can destabilize markets’, Working paper, UTS Business School

is based on Chapter 4 of this dissertation and has been presented in the fol-

lowing conferences/seminars;

e 2018 Financial Management Association Meeting, San Diego, USA,
e 2018 Market Microstructure Meeting, Sydney, Australia,

e 2018 Computing in Economics and Finance, Milan, Italy,

2018 Multinational Finance Society Conference, Budapest, Hungary,

2018 Seminar series in University of Sydney, Sydney, Australia,

2019 Seminar series in Macquarie University, Sydney, Australia.

4. Aliyev, N. and He, X. (2018c), ‘Toward a general model of financial mar-
kets’, Working paper, UTS Business School is based on Chapter 5 of this

dissertation and has been presented in the following conferences;

il



111

e 2016 Australasian Finance and Banking Conference, Sydney, Australia,
e 2016 Quantitative Methods in Finance, Sydney, Australia,
e 2016 UTS Business School Ph.D. Conference, Sydney, Australia.



To my family.

v



Acknowledgements

I am greatly indebted to my academic supervisor Prof. Xue-Zhong (Tony) He for
his continuous advice, help, and invaluable suggestions. I enjoyed the freedom
of pursuing my own research interest while at the same time benefiting from his
expertise. I learned a lot from his attitude toward research. It has been a pleasure

to work with Tony and I feel very lucky about this.

I also wish to thank Prof. Talis Putnins who introduced me to the field of market
microstructure and co-authored Chapter 4 of this dissertation with me. He helped
me in this journey by directly and also indirectly contributing to my research with

valuable criticisms and suggestions.

In addition, Drs. Rafik Aliev, Ron Bird, David Easley, Douglas Foster, Thierry
Foucault, Kris Glover, Maureen O’Hara, Vinay Patel, Lei Shi, Marciano Sinis-
calchi, Tom Smith, and Lotfi Zadeh gave valuable criticisms and suggestions for
improving the materials in this dissertation. I hope, I have addressed their criti-

cisms and suggestions adequately.

[ appreciate the financial support of Quantitative Finance Research Centre (QFRC),
Australian Research Council (ARC), and University of Technology Sydney Busi-
ness School. Their support was extremely helpful to sustain myself financially and

attend various domestic and international conferences during my Ph.D.

My experience at UTS Business School would not have been the same without
the presence of my colleagues and friends Vitali Alekseev, Mesias Alfeus, Marc
Bohmann, Gerhard Hambusch, Hardy Hulley, Junqing Kang, Marta Khomyn,
Adrian Lee, Kai Li, Dave Michayluk, Marco Navone, Huong Nguyen, Eckhard
Platen, Erik Schlogl, Christina Nikitopoulos Sklibosios, Jianxin Wang, and many

more.

I am especially thankful to my wife Inji for her continuous support in spite of
my negligence during writing this dissertation. Finally, I am very grateful to my
parents for their lifelong support without which this dissertation would not have

been possible. I dedicate this dissertation to them.



Abstract

The stability in financial markets is important to promote economic growth. Due
to its fundamental importance, the causes of market instability are of broad in-
terest. The purpose of this dissertation is to propose plausible explanations of
financial market phenomena related to market stability such as prices, liquidity,
volatility, information value, welfare, and market efficiency. The premise in the
analysis is that uncertainty in financial markets is multidimensional and informa-
tion structure is complex. To be more precise, in modern financial markets, form-
ing consistent beliefs about the fundamental values of securities, the composition of
market participants, and other market characteristics are complex and uncertain.
On the basis of this premise, this dissertation investigates the trading decisions,
order sizes, liquidity, security prices, information value, welfare, and market ef-
ficiency to shed light on the causes of financial market instability (fragility) and
makes a number of empirical predictions some of which provide explanations for
results that have been reported in the empirical market microstructure literature
and others are yet to be tested. The dissertation also identifies conditions under
which markets are vulnerable to instability and thus also has important policy

implications.

The first phenomenon investigated in this dissertation is sudden liquidity deteri-
orations and improvements in financial markets. Chapter 2 presents a security
price formation model with ambiguous liquidity provision. The model provides a
unified and parsimonious framework to explain the empirically documented fea-
tures that market liquidity can suddenly deteriorate during market crashes and
improve during trading reforms. Consequently, ambiguity in liquidity provision
can increase the value of information and social welfare. The ambiguous price
formation model helps to understand (i) the dynamics of ambiguity, (ii) the deter-
minants of time-varying ambiguity aversion of liquidity providers, (iii) the price
and liquidity dynamics during various order flow patterns, and (iv) the effect of

trade size on security prices during ambiguous market episodes.

Chapter 3 develops a model in which traders face uncertainty about the composi-
tion of informed and uninformed traders (composition uncertainty) to investigate

the “crowded-trade” problem (not being able to know how many others are taking
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the same position) in financial markets. This chapter characterizes the equilibrium
in the information market where both types of traders are affected by composi-
tion uncertainty and in the financial market where only uninformed traders are
affected, leading the uninformed traders to be disadvantaged in the face of com-
position uncertainty. This composition uncertainty distorts traders’ information
acquisition, demands, and perceived equity premium, resulting in undervalued
(resp. overvalued) stock when traders are sufficiently (resp. insufficiently) uncer-
tainty averse. The model helps to understand a linkage between liquidity and asset
prices, proposes plausible explanations for large price swings, and demonstrates
how regulations to enhance market efficiency may not work when the composition

of traders is uncertain.

Chapter 4 shows that when market participants learn about the level of adverse
selection from order flow, a large order imbalance can be destabilizing, causing
sharp price movements and evaporation of liquidity, as it signals high “toxicity”
(adverse selection). While such effect is consistent with the practitioner view that
order flow is informative about toxicity, it contrasts with standard microstructure
models in which the level of adverse selection is assumed to be known and thus
order imbalance improves liquidity by revealing private information. The model
helps to understand when markets are most susceptible to imbalance-induced in-

stability and the dynamic process of how markets digest order imbalance.

Chapter 5 examines the implications of the true complexity of real-world informa-
tion on market efficiency. Using the literature of decision theories and information
sciences, Chapter 5 discusses how accounting different attributes of information
can unify two controversial views, efficient markets hypothesis and behavioral fi-
nance. The main thesis advanced is that the roots of behavioral anomalies are
the imprecision and reliability of information. By exemplifying different decision
scenarios, Chapter 5 argues that the decision making is rational with precise and
reliable information, whereas becomes more behavioral in nature as the informa-

tion becomes more imprecise and unreliable.

Overall, the results of this dissertation suggest that multiple dimensions of uncer-
tainty formalized in different languages can illuminate on various aspects of market
stability that we otherwise label as anomalies and offer a promising middle ground

between efficient markets hypothesis and behavioral finance.
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