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Praise for Financial Data Analytics

Really interesting, and an impressive masterpiece! Financial Data Analytics contains a
rich amount of material, with original research findings in almost every chapter; many
parts of the book will even be directly helpful for my own teaching in business school.
In view of its dedication towards data-driven analytical tools genuinely needed in
financial problems, I believe that it is the very book that defines the scope of financial
data analytics.

—Alain Bensoussan, Fellow of AMS, IEEE, and SIAM; President of INRIA
(1984–1996); President of CNES (Centre National d’Etudes Spatiales) (1996–2003);
Chairman of ESA Council (European Space Agency) (1999–2002); Former Member
of Advisory Board, Mathematical Finance; Lars Magnus Ericsson Chair Professor of
Management, Naveen Jindal School of Management, University of Texas at Dallas

Financial Data Analytics provides a timely and thorough exploration of crucial topics
in contemporary data science, specifically tailored for a quantitative finance audi-
ence. It skillfully balances introductory and advanced concepts, seamlessly integrating
mathematical foundations with detailed coding examples. Designed to appeal to a
broad audience, the content accommodates varying levels of familiarity with the
mathematical and computational aspects of quantitative finance. The authors’ adept
presentation of complex ideas, coupled with practical applications, renders Financial
Data Analytics an invaluable resource for both novice and seasoned professionals
alike.

—KC Gary Chan, Fellow of ASA and IMS; President (Western North American
Region), International Biometrics Society (2022); Professor, Department of Statistics,
University of Washington

This book presents a wide coverage of state-of-the-art topics in data analytics, which
are crucial in our current era of big data. Its organic blend of mathematical derivations
of the theory and practical applications in FinTech and InsurTech via tailor-made
implementable Python and R codes is exceptional. To given but a single example,
based on my own research interests, the novel CIBer is a very interesting and original
new tool. It is a joy to read Financial Data Analytics, a book that cannot be missed
on the bookshelf of any researcher or student interested in this topic.

—Jan Dhaene, Full Professor, Director of Master of Science in Financial and
Actuarial Engineering, and Head of Actuarial Research Group, Department
of Accountancy, Finance and Insurance, Faculty of Business and Economics, KU
Leuven; Head of Division “Actuariële Toepassingen voor Verzekerings-ondernemingen
en Pensioenfondsbeheer”, KU Leuven Research and Development; Member of
Institute of Actuaries of Belgium, Member and Vice-chair of Actuarial Education
Network, International Actuarial Association
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Financial Data Analytics is a fantastic book that offers rare gifts to industry practi-
tioners. The important theories are brought to life through R and Python program
codes, developed by the authors for the book, and easily adaptable for industry use.
The book has comprehensive coverage of state-of-the-art techniques for every need.
I like reading the practical applications, which help develop intuition for the more
complicated methodologies, and surely someone can make a handsome profit imple-
menting them. A super read, and a must-have for professionals if numbers rule your
world.

—Kaiser Fung, Bestselling author, Numbers Rule Your World and Numbersense;
Founding Director, MSc programme in Applied Analytics, Columbia University;
Founder, Principal Analytics Prep

Financial Data Analytics is an exceptional book that integrates mathematics, prac-
tical examples, and real-life scenarios. With its focus on real datasets and practical
programming codes in Python and R, the book offers a comprehensive exploration of
various topics. It presents novel research findings and provides valuable insights for
researchers, practitioners, and actuarial students. The book strikes a balance between
foundational concepts and advanced techniques, making it an invaluable reference
for professionals in the field. Additionally, its relevance extends to actuarial students
preparing for their professional examinations. By redefining the landscape of finan-
cial data analytics in FinTech and InsurTech, this book establishes itself as a trusted
guide in the industry.

—Simon Lam, Fellow of SOA, CFA, and FRM; President of The Actuarial Society
of Hong Kong (2018, 2023); Deputy CEO & General Manager, Munich Re (Hong
Kong)

The book will certainly play an impactful role in the advancement of financial ana-
lytics and should be on the bookshelf of every serious student of the topic.

—Wai Keung Li, Fellow of ASA and IMS; Emeritus Professor, The University
of Hong Kong; Dean, Faculty of Liberal Arts and Social Sciences, The Education
University of Hong Kong

Financial Data Analytics is a masterfully written book that encompasses a wide
spectrum of statistical models and algorithms, with a special emphasis on financial
and insurance applications. Drawing upon their multidisciplinary background and
extensive research experience, as well as their close connection with the industry,
the authors skillfully explain the theoretical underpinnings of both conventional and
contemporary statistical methods that are truly relevant to the industry (including
but not limited to regression learning, classification trees, neural networks, as well as
the specification and assessment of these models), and amply illustrate the practical
applications of these methods in various disciplines, by an abundance of real financial
and insurance data, and using both Python and R. The dual focus on theory and
applications, together with the discussion on recent advancements of the fields, makes
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the book one of a kind, even field-defining, among books on similar topics, and an
ideal resource for anyone interested in understanding and implementing statistical
models in this era of big data, as well as for students preparing for professional
examinations on data analytics, such as the SRM, PA and ATPA exams of the Society
of Actuaries.

—Ambrose Lo, Fellow of SOA, Chartered Enterprise Risk Analyst; Author of
ACTEX Study Manual for SOA Exam SRM, ACTEX Study Manual for SOA Exam
PA, and ACTEX Study Manual for SOA Exam ATPA

It is a tome!
—Suresh P. Sethi, Fellow of INFORMS, IEEE, POMS, and SIAM; Eugene

McDermott Chair Professor of Operations Management, Naveen Jindal School of
Management, University of Texas at Dallas

Financial Data Analytics is an encyclopedic documentation of in-depth and extensive
statistical analysis in finance and beyond. It provides an end-to-end systematic
approach to academics and practitioners with theories, tremendous examples and
data, and algorithms with coding that are readily applicable in real life. The book
encompasses four dimensions of coverage—theoretical framework to application
and coding, distributional characteristics to data diagnosis and simulation, learning,
and lastly coverage of both qualitative and quantitative data. The book consol-
idates classical knowledge with the most contemporary research in all subjects.
Financial Data Analytics is one comprehensive biblical handbook for academic
researchers, financial practitioners, and graduate students for both methodologies
and applications. The book also lays a systematic framework for future extension
and enrichment for financial data analytics.

—Nai-pan Tang, Former Chief Risk Officer and Member of Executive Com-
mittee, Hang Seng Bank; Former Deputy CEO and Chief Risk Officer, Shanghai
Commercial Bank Ltd.; Former Director of the Board, Deputy CEO, Alternative
CEO, Chief Risk Officer, and Vice Chairman of Asset Management, China CITIC
Bank International; Director, The Hong Kong Institute of Bankers (2019–2021);
Professor of Practice, Department of Finance, Chinese University of Hong Kong

Financial Data Analytics is a very impressive work with extensive coverage and many
interesting topics. It stands out among similar books by the unique blend of detailed
mathematical derivations, practical examples, real-life datasets, and readily available
programme codes in Python and R. It also contains many novel results from the
authors’ recent research. Whether you are researchers on related fields, practition-
ers in the financial industry, or students preparing for a few exams at The Society
of Actuaries or The Institute and Faculty of Actuaries, Financial Data Analytics will
certainly be a valuable reference book.

—Hailiang Yang, Associate of SOA and Honorary Fellow of IFoA; Editor of
Insurance: Mathematics and Economics; Professor, Department of Financial and
Actuarial Mathematics, Xi’an Jiaotong–Liverpool University
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Throughout my career at JP Morgan Chase and then CITIC Securities, I have par-
ticipated in and witnessed how various data analytics tools revolutionized financial
industry. Financial Data Analytics is a perfect example echoing this trend, by dis-
cussing a wide spectrum of modern tools in data analytics, from both a theoretical
viewpoint and a practical aspect, with readily implementable programme codes in
both Python and R for real-life examples. This combination is so unique amongst
the few books on data analytics; it not only reflects the broad range of theoretical
knowledge of the authors, but also demonstrates their close ties with the finance
and insurance industries. I actually had the opportunity to testify some profit-making
strategies mentioned in the book, and their performance was genuinely impressive.
This book is far more than an academic monograph for scholars; it is certainly an
illuminating guide for practitioners to explore their own alchemy of finance.

—Wei Zhou, Executive Director of Equity Derivatives Quantitative Research,
JP Morgan Chase (2016–2021); Executive Director and Head of Quantitative
Modelling, CITIC Securities
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Founded in 1807, John Wiley & Sons is the oldest independent publishing company
in the United States. With offices in North America, Europe, Australia and Asia, Wiley
is globally committed to developing and marketing print and electronic products and
services for our customers’ professional and personal knowledge and understanding.

The Wiley Finance series contains books written specifically for finance and invest-
ment professionals as well as sophisticated individual investors and their financial
advisors. Book topics range from portfolio management to e-commerce, risk man-
agement, financial engineering, valuation and financial instrument analysis, as well
as much more.

For a list of available titles, visit our Web site at www.WileyFinance.com.

http://www.WileyFinance.com
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Foreword
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Late Ray Lyman Wilbur Professor of Statistics,

Stanford University

We were saddened to hear about the sudden passing away of Professor Tze Leung
Lai. We would like to thank him for his care for the younger generation, including
ourselves, as well as all of his valuable guidance in the past two decades, since Ka
Chun’s and Phillip’s senior-year undergraduate and master studies at The University
of Hong Kong; we all learned a lot from him, both indirectly or directly. He was
certainly a renowned scholar. Due to the pandemic, we could not make the trip to
visit him in person; we were hoping to meet him again last summer after the pandemic
eventually came to an end, only to learn that he departed too soon. During the book
writing process, we sent a draft version of the book to him. He was glad of what we
had achieved and also graciously offered to write a foreword for this book, which can
no longer become a reality now. However, this foreword is always reserved for him.
We thank you again for your generous offer, Professor Lai; thank you, our mentor,
may you rest in peace.

Winter, 2023

xix



Trim Size: 6.625in x 9.625in Chen9863373 fbetw02.tex V1 - 09/12/2024 6:34pm Page xx�

� �

�



Trim Size: 6.625in x 9.625in Chen9863373 fpref.tex V1 - 08/31/2024 4:45pm Page xxi�

� �

�

Preface

In the field of finance, nothing is more important than gaining profits, and any inno-
vation that draws people’s attention must lead to at least the same level of profit as

the existing methods; indeed, this has always been the main driving force of updates
to relevant curricula over time. For instance, with the development of option pric-
ing and portfolio selection in 1970s, the financial training from mid-1980s to 2000s
heavily involved Itô’s stochastic calculus and partial differential equations. On the
other hand, volatility models such as GARCH were proposed by Robert Engle in the
early 1980s for a better estimation of parameters facilitating derivative valuation and
portfolio management, and various academic curricula quickly followed suit by plac-
ing more emphasis on financial econometrics. Quantitative analysis of game theory,
particularly the numerical algorithm for discovering equilibrium points, gained more
importance and attention in academia after John Nash won the Nobel Memorial
Prize in Economic Sciences in 1994; the trend continues today with further sophisti-
cation and generalization towards the context of mean field games in the last dozen
years. In the 2000s, as behavioural finance was gaining increasing attention in soci-
ety, people wanted to learn more methods in the realm of experimental behavioural
economics and finance, especially on how the market makes use of statistical meth-
ods to understand the impact of different human behaviour and devise advertising
strategies accordingly, which explains why case studies and primitive statistics have
been prevalent in the financial classes in recent decades.

Recently, attention has been diverted towards AI. The revolutionary develop-
ments in machine learning and deep learning have brought new elements of data
analytics into finance, particularly including the heated areas of InsurTech, FinTech
and RegTech. To catch up with the trend, curriculum designs should be revised to
cover financial or business data analytics in a comprehensive manner, and statistics
is certainly at the core of them; this is precisely why we wanted to write this book.
Among the few books in this field, involving the use of standard statistics in financial
analysis with either Python or R, and statistical applications in financial engineering,
focus is usually put on the possible financial applications of conventional statistical
tools, yet some practical problems may require tools beyond traditional statistics, and
we aim to address a few relevant issues in this book. Another important motivation
for us is certainly the positive feedback from students regarding our teaching materials
in the past decade, which we have consolidated as the foundation of this book.

This book investigates contemporary practical techniques of financial data ana-
lytics that are specific for real-life scenarios and leave room for a high profit-making
potential, with 15 chapters in total covering a wide range of important and frontier
topics in this field. For example, we shall explore data analytics in investment strat-
egy, financial forensics, and the immediate use of deep learning in finance. We also

xxi
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xxii Preface

critically discuss the pros and cons of machine learning tools. While we raise caution
against potential pitfalls of new approaches like deep learning, we also propose a
novel feature engineering scheme as part of CIBer (see Chapter 12) to overcome limi-
tations of existing methods regarding input features, which also achieves a promising
classification performance. Examples are provided throughout the whole book, in
which we focus on a few typical datasets from real-life financial markets to facilitate
intuitive comparisons among models, allowing readers to form their own judgements
on their pros and cons, and hence apply suitable data analysis methods to their own
datasets. Executable detailed programme codes in Python and R are also readily avail-
able with corresponding examples. Practitioners including quants and fund managers
can gain insights into the latest developments of data analytics from the book, and
help to formulate effective investment strategies or to facilitate better product designs.
This up-to-date knowledge may further help them conduct novel applied research in
different business disciplines. It is also our hope that senior-year students and post-
graduates can deepen their understanding on this field and find the book useful for
their future academic research. Meanwhile, the contents of this book also cover a large
part of syllabi of modules from different public professional examinations on predic-
tive analytics, including but not limited to the Statistics for Risk Modeling (SRM)
Exam and Predictive Analytics (PA) Exam of the Society of Actuaries, making it a
suitable main or supplementary reading for these professional examinations.

To benefit the most from this book, it is advisable that readers have a solid back-
ground in probability and statistics, linear algebra, and advanced calculus, preferably
at the sophomore level. For some parts of the book, some basic knowledge in real
and complex analysis would enhance a full understanding of them. Especially, some
sections marked by asterisks necessitate a higher level of mathematical understanding
and may be omitted during the initial reading. Anyhow, for the convenience of the
readers, some of the relevant basic knowledge is reviewed in Chapter 1. Acquaintance
with programming languages such as Python or R is also instrumental. To make the
book more self-contained, a quick overview of these two programming languages is
provided in Chapter 2. In addition, readers interested in more sophisticated invest-
ment strategies and derivative pricing also need a rudimentary background in Itô’s
stochastic calculus and continuous martingale theory, which is unavoidable given the
technical nature of the subject matter.

In writing this book, our multidisciplinary background proved helpful; we all
had diverse training in actuarial science, economics and finance, mathematics, prob-
ability and statistics, and our research also involves the application of data analytics
in diverse applied areas. We have established long-term research collaborations with
industry practitioners, and many of our undergraduate and postgraduate students,
friends, and colleagues are also working in world-leading companies in finance and
insurance sectors. Growing up in the traditional global financial hub of Hong Kong
has also equipped us with practical financial knowledge that benefits our pragmatic
research, while we are not bounded by the routine methods in solving both research
and practical problems. In addition, our graduate student Kaiser Fan also made a
unique contribution by implementing most programme codes in the examples in a
tailor-made and illuminating fashion.
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Preface xxiii

With the publication of this book, we welcome valuable feedback and comments
from readers. Due to limitations in both scope and time, we could not delve into all
topics in detail, and we apologize for any missing information. While we drew inspi-
ration from a wide range of literature, and we tried to cite all of them, some may
still have unintentionally slipped our mind over time, and we sincerely apologize for
any oversights. We also benefited from courses on financial data analytics or equiv-
alents, including teaching materials and course design, in renowned universities in
Asia, Australia, Europe and North America.

While we believe our book offers a valuable collection of tools in financial data
analytics, we deliberately left out blockchains, as they have shifted towards being
an internet and network security concern rather than an analytical tool for finan-
cial information. Meanwhile, we have an upcoming book on deep learning with
some applications in finance, to which we briefly hint in the closing chapter of this
book. Hopefully readers will enjoy the current book and stay tuned for the upcoming
release.

Sam Chen, Ka Chun Cheung, and Phillip Yam
Hong Kong, December 2023
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Introduction

“We know the past but cannot control it. We control the future but cannot
know it.”

—Claude Shannon [18]

DEVELOPMENT OF FINANCIAL DATA ANALYTICS

Financial data analytics can be described as the application of statistical models and
algorithms to learn from the data in financial markets and investment portfolios
in a timely manner, and then using the knowledge gained to control their future
performance trends and make predictions accordingly. This recently emerging term
highlights the importance of incorporating real-world information, especially those
from extremal events, in the era of big data. The use of computational intelligence,
statistical rules and algorithms allows businesses to make informed decisions and
predictions. Furthermore, under an increasing emphasis on the concept of risk man-
agement, market practitioners can better measure the econometric patterns and trends
using the large datasets available.

While this term sounds quite new, the practice itself has actually been present
throughout mankind’s history, although in different forms. Even in ancient times, our
ancestors already engaged in commercial trading and recorded data related to their
daily lives; indeed, economic transactions in the form of exchange among goods, ser-
vices, and commodities such as crops, livestock, and textiles, were common among
ancient civilizations. They also developed some methods to systematically record data
as well as to track and document their economic activities, though they are certainly
less mature or complex than modern ones. Take the Babylonians for example: clay
tablets have been discovered from Mesopotamia, which contain records of various
business transactions, contracts, and trade agreements. While we cannot assert that
the tablets were specifically dedicated to financial data, these archaeological findings
do provide insights into early business activities and trade. In fact, the Babyloni-
ans are also well-known for their advanced mathematical and astronomical knowl-
edge, and they might be the first to develop accounting and record-keeping to track
trade, debts, and other business transactions. These represent the initial attempts
of humans to systematically record and organize economic information; see more
discussions in [11].

As the notions of contracts and stocks emerged, financial activities saw further
developments in the medieval era. For example, the first forward contracts were
traded on the Dojima Rice Exchange in 1697 in Japan, as the Samurai were paid
in rice and needed a stable method of converting rice to currency; such contracts

1
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2 INTRODUCTION

were beneficial to agricultural producers, who could use them to hedge against
future price changes. While people paid more attention to the patterns behind the
data, their investment decisions depended mainly on such market sentiments; this
also contributed to the financial bubbles during this period. The Tulip Mania in the
Netherlands during the 1630s is often regarded as one of the most famous examples
of a speculative bubble in financial history. During this crisis, the prices of tulip bulbs
skyrocketed to extraordinarily high levels before eventually collapsing. Since then,
similar bubbles have appeared from time to time, including the well-known South
Sea Company Bubble in 1720, when many investors were lured to invest in the stock
but ended up with a huge loss. The most famous name among these unfortunate
stockholders is arguably Sir Isaac Newton; despite being an excellent mathematician,
his losses in this investment exceeded £20,000, which is comparable with around
$20 million nowadays. Allegedly, Newton commented on this incident that he could
“calculate the motions of the heavenly bodies, but not the madness of people”; one
can find many more interesting stories in [3].

In the same era, attempts at data analytics were also made in the field of insurance;
in particular, the renowned English astronomer and mathematician, Edmond Halley,
studied the demographic records in Breslau (now Wrocław in Poland) and created life
tables accordingly to estimate life expectancies and survival probabilities for different
age groups, which now play a crucial role in pricing annuities and insurance policies
[7]. Compared with the Ulpian’s life table, developed in ancient Rome without refer-
ence to valid data sources, Halley’s data-driven studies in the late 17th Century truly
laid the foundation for the development of actuarial science as a quantitative subject;
also see [22].

Moving on to the mid 19th century, the modern version of commodity and futures
markets developed from forward contracts began to take shape in metropolitan areas
like New York and London. The formation of organized exchanges brought several
benefits to market participants. It enhanced market liquidity by bringing together a
larger number of buyers and sellers, facilitating efficient price discovery. Standardized
contracts and rules were introduced, ensuring uniformity and transparency in trading
practices. However, during this period, these markets relied mainly on raw busi-
ness data rather than a large-scale systematic study or model fitting for prediction
purposes.

The next wave of advance in finance, particularly financial modelling and option
pricing, was initiated at the turn of the 20th century by the French mathematician
Louis Bachelier. His groundbreaking thesis, “Théorie de la spéculation” [1], intro-
duced the use of the arithmetic Brownian motion (ABM) to model security prices.
Although Bachelier did not have access to reliable market data or sophisticated data
analysis techniques, he attempted to replicate real market data as closely as possi-
ble. He used a volatile model to capture the movement of prices, yet it was not the
best representation of the observed market dynamics. The importance of his work
was later acknowledged by the renowned economist Paul Samuelson, who further
improved the model for asset prices by using geometric Brownian motion (GBM)
instead of ABM, as GBM can better capture the long-term growth trend observed in
financial markets by the drift term; see [17]. Further along this line of development,
in 1973, economists Fischer Black and Myron Scholes proposed the game-changing


