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“Zaremba and Shemer have written the seminal book on research-based technical
analysis. They discuss the theoretical basis, implementation details, and perfor-
mance results of strategies based on stock price movement. These include tradi-
tional momentum, trend following, reversals, acceleration, skewness, volatility,
and seasonality. They do this not only individually but by blending these together
creating remarkable results. I whole-heartedly recommend this book to all portfo-
lio managers and asset allocators receptive to price-based investing.”
—Gary Antonacci, Author of Dual Momentum Investing:
An Innovative Strategy for Higher Returns with Lower Risk

“This is an excellent book which challenges the status quo. Just over fifty years ago

two future Nobel Laureates, Samuelson and Fama, pointed out if stock prices were

random then ‘the work of the chartist, like the astrologer, is of no real value in

stock market analysis’ (Fama, 1965). With that, technical analysis was dismissed,

being regarded as voodoo art. The authors, however, build on the well-known

momentum anomaly as a price-based anomaly and show this is but one of many.

They argue that contrary to the generally accepted view, there is indeed a place for

price-based analysis, thus rehabilitating technical analysis. The book is well worth
reading.”

—Christo Auret, Head of Finance Division, School of Economic and Business

Sciences, University of the Witwatersrand, and Editor-in-chief,

Investment Analysts Journal; and Robert Vivian,

Professor of Insurance and Finance,

School of Economic and Business Sciences, University

of the Witwatersrand, and Editor, Investment Analysts Journal

vii
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“This book is an accessible and adept exposition of the pivotal role played by stock
return predictors in financial markets and portfolio design. Adam Zaremba and
Jacob Shemer present a thorough review of the most important empirical tech-
niques used in asset allocation strategies. Given its easy-to understand language,
the book 1is a valuable resource for academics, students, and market

professionals.”
—Turan Bali, Robert Parker Chair Professor of Finance, McDonough School of
Business, Georgetown University, USA

“Zaremba and Shemer expertly present, assess, and unify the new academic
research on price-based strategies in comparison to the old perspective on techni-
cal analysis, making it available in one place and accessible to a practitioner audi-
ence. The strategies presented have in common that they work, are easy to
implement (using past price information only), and for that reason can be imple-
mented and adjusted on a daily basis, in contrast to fundamental strategies.”
—Ronald Balvers, DeGroote School of Business, McMaster University

“Zaremba and Shemer collect all of the price-based investment strategies in one
place. This comprehensive, yet approachable work may serve as a practical guide-
book for both researchers and investors.”

—Nusret Cakici, Gabelli School of Business, Fordbam University, USA

“There is plenty of evidence to suggest that fund managers that manage their
portfolios using their discretion tend to produce disappointing long-term perfor-
mance for their investors. In sharp contrast, there is now a wealth of academic
evidence that suggests that simple, rules-based investing can produce very attrac-
tive returns for investors — particularly when these rules are based upon securities
prices. For anyone looking for an alternative to the active fund management indus-
try Dr Zaremba’s book provides an excellent review and analysis of the possible
benefits of rules-based investing.”

—Andrew Clare, Chair in Asset Management, Cass Business School

“The latest book by Zaremba and Schemer presents a panoply of price-based
investment strategies that has something new and interesting to offer to both the
experienced practitioner as well as the curious academic. The authors use a disci-
plined and focused approach dispelling the scepticism about investment strategies
based on technical analysis. A thoroughly researched monograph contributing to
the chipping away of the market efficiency dogma central to finance academia for
the past half a century.”

—Paskalis Glabadanidis, Department of Accounting

and Finance, Business School, University of Adelnide
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“Price-Based Investment Strategies does an excellent job summarizing the power of

prices when it comes to building investment strategies. The book will serve as a
great reference for professionals and sophisticated individual investors. Read it.”

—Wesley R. Gray, PhD, CEO of Alpha Architect and

Co-author of Quantitative Momentum

“Zaremba and Shemer have compiled a comprehensive overview of the research
on price-based investment strategies. This book effectively elucidates the extensive
knowledge accumulated over the last three decades. The theoretical review and
empirical analyses provide the necessary foundation for both practitioners looking
to implement technical trading strategies and academics whose research aims to
understand the drivers of these strategies’ profits. It is a must-read for both
groups.”
—Scott Murray, Assistant Professor of Finance,
J. Mack Robinson College of Business, Georgin State University

“All finance professionals, irrespective of their views on technical and fundamental
analyses, will find a lot in this book to rekindle their interest. In particular, if you
have always been puzzled by momentum strategies, the evidence gathered in this
book will unravel the ambiguities. As someone involved in the development of
students, “Price-based investment strategies...” is my go-to guide on the subject.
Zaremba and Shemer have assembled the best research on the subject and variety
of data and turned it into an important resource for investors and academics which
I have recommended to my colleagues and graduate students.”

—Isaac Otchere, Sprott School of Business, Carleton University

“This book provides a thorough presentation of investment strategies that have
made a large impact on how professional investors trade, relying on decades of
academic research. For example, the book shows how investors may benefit from
price trends and subsequent mean-reversion. These ideas are formalized by the
academic return factors such as momentum, time-series momentum, long-term
reversal, and betting-against-beta. The book considers “price-based strategies”,
meaning investment strategies that only rely on knowing past prices — rather than
also relying on such accounting information or macroeconomic data — which
keeps the book focused on strategies that are relatively straightforward to imple-
ment, at least in principle.”
—Lasse Heje Pedersen, Principal at AQR Capital Management
and Finance Professor at Copenhagen Business School and NYU

“There is an on-going schism between the pure approach of financial economics
and econometrics that tends to support overall the efficient market hypothesis on
the one hand and the practitioners, active fund managers and traders, on the other
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hand, who continue to ignore these findings by and large and, for a fraction of
them, provide superior performance. In this context, this book is a remarkable
resource to reconcile these communities, proposing a modern informed survey of
the main results on how so-called technical analyses of past prices and past returns
can provide insights in future returns and risks. Both practitioners and academic
will find it highly valuable to position their own approach and obtain
inspiration.”
—Didier Sornette, Professor of Entvepreneurial Risks
at ETH Zuvich and Finance at the Swiss Finance Institute

“A practical guide to modern technical analysis offering a fresh look at price-based

investment strategies. Well-grounded both in theory and empirical studies may

convince even biggest skeptics of technical analysis. As the book bridges top aca-

demic research with practical application it is undoubtedly valuable both for aca-
demicians and investors.”

—Adam Szyszka, Professor of Finance, Warsaw School

of Economics, and Co-founder and Partner, AT INVEST Ltd.

“This book provides an excellent review on the recent developments in price-based
investment strategies shaping the contemporary technical analysis, especially used
in international asset management. The intuition behind the quantitative strate-
gies, the techniques of implementing these strategies, and evaluating their perfor-
mance are explained clearly and competently. The book is a strong reference for
portfolio managers and academicians interested in international asset allocation
and is a valuable resource for introductory graduate courses in empirical asset
pricing.”
—Mehmet Umutlu, Associate Professor of Finance and Head
of the Department of International Trade and Finance, Yosar University

“This book gives the reader insights into the growing body of literature on trend
investing.
It also relates the trend investing with other documented and proven return
factors.”
—DPim van Vliet, PhD, Portfolio Manager Conservative Equities nt Robeco

“This book is a must-read for those who want to improve their investment strate-
gies. The recommendations of the book are based on well-established academic
research. The book is easy to read. I highly recommend this book.”

—Joseph Vu, Associate Professor of Finance, DePaul University



PREFACE

Technical and fundamental analyses are the two principal schools of
thought in investment management. The crucial difference between the
two lies in the type of information used by analysts. While technicians rely
on historical price behavior and trading volume of securities, fundamental
analysts pore over financial, industry, and economic factors to predict
future returns. The rivalry between the schools is as old as the modern
financial sector, and the winner in this horse race is yet to be seen.
Although technical analysis has always been appealing to investors, for
a long time it was being ignored by the academic community. Primarily
because the profitability of the technical analysis stood in stark contrast to
the efficient market hypothesis (EMH), which dominated the thinking of
the 1960s and 1970s. According to the EMH theory, in the information-
ally efficient market the prices always accurately reflect the available infor-
mation. Especially in an economic downturn, all the information on past
prices should be duly discounted. Why? Because if thousands of investors
do their best to exploit technical opportunities, then any possible profits
quickly dry up. In other words, there is no place for any abnormal returns
to be earned through technical analysis. As Paul Samuelson (1965, p. 44)
observed in his study, “There is no way of making an expected profit by
extrapolating past changes in the future price, by chart or any other eso-
teric devices of magic or mathematics. The market quotation already con-
tains in itself all that can be known about the future and in that sense has
discounted future contingencies as much as it is humanly possible.” How
firmly the community believed in the EMH is well expressed by another

xi
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quote from Michael Jensen (1978), who famously wrote, “I believe there
is no other proposition in economics which has more solid empirical evi-
dence supporting it than the Efficient Market Hypothesis.”

From the academic standpoint, technical analysis was being frowned
upon as a sort of trickery rather than a valid form of security analysis. The
fundamental analysis and rigorous examination of both financial and eco-
nomic information were held as the only proper means to forecast prices
and formulate expectations about future returns. While the EMH was the
dominating way of thinking, the early attempts to seek inefficiencies were
predominantly focused on valuation and financial conditions. The numer-
ous studies conducted in the 1980s provided convincing evidence that
stocks with low capitalization, low price-to-fundamentals ratios, and
good quality delivered abnormal returns.! These phenomena became so
broadly acknowledged to be finally included in the most popular models
used in financial markets (Fama and French 1992, 1993). While the fun-
damental analysis remained the approved school of thought exercised by
both investors and academics, the technical analysis was dismissed as
financial voodoo.

This situation continued until 1993 when Jegadeesh and Titman pub-
lished their groundbreaking study on the so-called momentum effect.
What is momentum? It is a well-established tendency for assets with good
past performance to continue to outperform, while poor past performers
continue to disappoint. Although individual momentum strategies may
differ in the level of sophistication, sorting periods, predictive indicators,
and more, their fundamental rule is surprisingly simple: stick to past win-
ners and shy away from losers. As it has been coined and often repeated by
market practitioners, “the trend is your friend.”

Since its initial discovery, studies on momentum have widely prolifer-
ated making it one of the most pervasive and robust anomalies ever dis-
covered. The momentum effect has been documented not only across
numerous stock markets but also in various asset classes, including bonds,
currencies, and commodities, and even investment styles (Asness et al.
2013; Avramov et al. 2016). It has been identified across more than
two centuries, starting from the Victorian age and the first US equities
market of 1800 (Chabot et al. 2008; Geczy and Samonov 2017)

!For example, Banz (1981), Basu (1983), Rosenberg ct al. (1985), Bhandari (1988). For
a comprehensive review, see Zaremba and Shemer (2016a).
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Two decades since its discovery, momentum investing has proved to
approximate the holy grail of the financial markets: the ideal investment
strategy for any investor, combining the two most desirable traits of any
investment strategy—robustness and simplicity. While the evidence for
momentum is probably more pervasive and timeless than for any other
investment technique, its implementation is astonishingly straightforward,
requiring neither complex data nor sophisticated skills. Most surprisingly
and in contrary to the other complicated and time-consuming fundamen-
tal approaches, a momentum-based strategy needs only a single data input,
namely a stock price.

Interestingly, this is only the beginning of the story. The rediscovery of
momentum investing coincided with a preponderance of other techniques
also solely relying on the price behavior. A perfect example: volatility risk.
Academicians have always believed in a link connecting risk and return in
financial markets. The reality, however, turned out to surprise us all when
in 2006, Ang, Chen, and Xing found that the volatility is negatively related
to future returns. Simply speaking, the lower the past volatility, the higher
the future returns! This phenomenon has been later confirmed across
numerous markets and assets classes, including international equities,
bonds, and even derivatives!

Not only pure volatility but also the shape of return distributions has
been found meaningful. The skewness effect—as a perfect example—has
stemmed from the mounting evidence proving that either positive or neg-
ative past extreme returns can be very informative of the future perfor-
mance.? While the effect can be utilized through various technical
approaches, even through a maximum daily return over the previous
month (Bali et al. 2011), in the end, it always leads to the same conclu-
sion: skewness does matter.

Having started with only a handful of pure price-based strategies—the
momentum effect, volatility, and skewness—the list is growing rapidly.
Short- and long-run reversals, seasonal effects, intraday patterns, downside
and extreme risks, maximum vyearly prices, liquidity are another return-
predictive that have been attracting much interest in recent years. All the
techniques share a simple yet important trait: they rely only on the stock
price. Taken together they constitute a new body of modern technical
analysis which is research based, covers numerous aspects of price behav-
ior, and now is probably more profitable and convincing than ever before.

2See, for example, Bali et al. (2016) for review.
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Nowadays, the price-based research techniques have imperceptibly
entered the pantheon of investment techniques, perhaps even dethroning
the art of fundamental analysis. The sole momentum effect is currently
perhaps the most intensively investigated single topic in finance. In almost
any volume of the top-tier finance journals, there is at least one paper on
momentum. A quick search for the term “momentum” in the SSRN—a
popular research preprint server—produces over a thousand papers writ-
ten over the last three years only. Clearly, the price-based strategies are no
longer rejected; they are the apple of the eye of the finance literature.

The price-based strategies are not only simple but also astonishingly
efficient. Fundamental data, such as financial statements, is usually avail-
able, at best, quarterly, while price, daily (or even intraday), makes price-
based strategies richer than the basic fundamental approach. Although
they rely on much less data than the fundamental techniques, the strate-
gies can yield even higher returns. This transpires not only from sophisti-
cated research but even from analysts’ performance. A recent study by
Avramov et al. (2017) compared the performance of technical and funda-
mental recommendations, proving the technical approach to be much
more successful.

The modern technical analysis has come full circle: from the voodoo art
on the periphery of the legitimate investment practices to the pantheon of
research-proven strategies being based on research, backed by strong aca-
demic evidence, and both surprisingly efficient and profitable.

The primary goal of this work is to create a practical guide to price-
based investment techniques, covering the last two decades of rapid dis-
coveries in asset pricing empirical research. Taken together, they constitute
what might be called the modern art of technical analysis. We demonstrate
how various aspects of the past price behavior could be translated into
profitable money management strategies for international markets. This
book lays out a range of state-of-the-art quantitative strategies, addition-
ally describing their theoretical basis, implementation details, and perfor-
mance over the recent decades.

The main aim of this book is to tell the story of this “price-based” revo-
lution that took over investing. We take the reader on a journey leading
through various investment techniques, showing how much information
on the future returns is encapsulated in the price and how simply and effi-
ciently it can be translated into profitable strategies. We demonstrate how
the recent research discoveries have transformed the art of modern techni-
cal analysis.
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This book includes both theoretical and empirical content. The
evidence on price-based investing is currently scattered across various
papers and subjects. Thus, we first review and systematize the existing
studies on price-based investing. We present the major groups of price-
driven strategies, which are based on momentum, trend following, rever-
sal, skewness, price, volatility effects, and seasonalities. On the one hand,
we depict the theoretical background of the presented strategies along
with the existing empirical research. On the other hand, the book makes
the case for an empirical investigation of all the described approaches to
global financial markets. We reexamine the performance of multiple strate-
gies using a comprehensive sample, conducting a wide-range comparison
of performance data from the 24 major developed markets around the
world ranging over the last 20 years. We construct practical portfolios and
display their performance, depicting for investors their basic characteris-
tics. This way, the book not only provides new insights for academicians
but also provides a practical guide for stock market investors.

Alongside the replication and comparison of numerous price-based
strategies, we show how these strategies can be combined to form an effi-
cient portfolio. We intend to focus on two issues: strategic and tactical
asset allocation.

In strategic allocation, we show how general investors can benefit from
blending multiple price-based strategies. Thanks to low correlation among
the strategies, the multi-strategy portfolios display lower volatility, and the
individual strategies may constitute the building blocks of a solid portfolio
the same way as individual stocks or bonds were used in the past.

Interestingly, there might be an even more efficient way to combine
various price-based strategies as from time to time investors could try to
tilt their portfolios and overweight some strategies. This is further dis-
cussed in the section on timing the price-based strategies. How can one
time the strategies? A few of the most pervasive stock selection approaches—
based on momentum, cross-sectional seasonality, or valuation—proved to
work not only for individual securities but also for the entire strategies.
Taking the momentum effect as an example, the strategies that performed
best (worst) in the past tend to continue to outperform (underperform) in
the future (Avramov et al. 2016). This book shows how these regularities
could be capitalized on to the investor’s advantage.

To sum up, the book you are holding in your hands aims to present a
comprehensive review of the price-based investment strategies for stock
market investors. It provides a guide for both academicians and investors,
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showing how the modern research has reinvented the technical analysis
over the recent decades.

In order to examine the practical applicability of various strategies, we
also test real data from equity markets. In particular, we examine a number
of different price-based strategies to evaluate their performance both in
individual countries and globally. Amassing a large sample of stocks, we
employ a consistent methodology to form portfolios from sorts on various
price-based variables, providing, thus, comprehensive and up-to-date evi-
dence on the performance of numerous equity quantitative strategies.

The book is composed of eight chapters. We start with the review of
different price-based strategies, considering both their theoretical explana-
tion and empirical performance. For each strategy, we explain both the
underlying concept and the theoretical grounding. We also present exist-
ing empirical evidence on the stock selection based on these strategies.

The first chapter shortly summarizes the methods and data employed in
this study. We describe our data sources and preparation procedures. We
also demonstrate how we form and evaluate the investment strategies.

Chapter 2 describes the well-established phenomenon of momentum,
defined as the tendency of securities with good (poor) past performance to
overperform (underperform) in the future. It is one of the most pervasive
anomalies ever discovered with supportive evidence across numerous asset
classes. The chapter presents various momentum techniques and their
variations, along with potential improvements.

Chapter 3 is about long- and short-term reversal patterns. While the
momentum strategy assumes continuation of the price movement, the
reversal strategies rely on a contrary postulating that the price trend will
revert. How can both phenomena coexist? The solution is the investment
horizon. While the momentum effect is present in the mid-term (3-12
months), the reversal occurs either in the short term (1 month) or in the
long term (3-5 years). This chapter will thoroughly discuss the sources
and implementation of reversal strategies in financial markets.

Chapter 4 discusses one of the most puzzling anomalies—the low-risk
phenomenon. Even in today’s finance, the relationship between risk and
return seems controversial. While crucial implication of the standard mod-
els states that a higher risk is followed by higher expected return, the
empirical evidence seems to contradict this expectation. The recent evi-
dence has supported the idea that the standard measures of realized risk,
including volatility or systematic risk, negatively predict abnormal returns.
Surprisingly, other risk measures related to extreme or downside risk prove
to be positive predictors of performance. Importantly, all of these measures
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might potentially help investors to choose market outperformance. In
Chap. 4, we carefully analyze this phenomenon.

Chapter 5 concentrates on the role of the return distribution. Some stud-
ies have shown that not only the volatility or past returns matter but also the
shape of the return distributions. To some extent, investors treat stocks as
lotteries which can make them rich. In consequence, the right-skewed dis-
tributions, with a large chance of exceptionally high returns, finally tend to
disappoint. The impact of skewness can be measured in many ways: from
very sophisticated measures, like co-skewness or idiosyncratic skewness, to
plain and simple ones like maximum daily return over the previous month.
All of these measures are interesting predictors of future returns.

Chapter 6 focuses on building cross-sectional strategies based on calen-
dar anomalies. Seeking seasonal regularities in a stock market is as old as
the art of investment analysis. January seasonality and “sell in May and go
away” are patterns known to virtually any investor in the stock market.
While popular, they are, at the same time, highly controversial. For a long
time, the seasonal anomalies belonged to the most “magical” tools of
technical analysis. Yet again, the recent research discoveries have painted a
completely different picture. Many of the seasonal anomalies could be
captured by the so-called cross-sectional seasonality—the foundation of all
seasonal anomalies—namely a tendency of stocks which performed well
(poorly) in the same calendar month in the past to continue to outperform
(underperform). We demonstrate how investors can use this effect to their
own benefit.

Chapter 7 attempts to pursue a slightly trickier question: can we predict
returns based on raw prices? In other words, can the nominal price fore-
cast future performance? Is it better to invest in low- or high-price stocks?
We review all conflicting evidence and reexamine the nominal-price invest-
ing approach across multiple countries.

Chapter 8 focuses on a mata-level analysis. Could use return or price-
based patterns to rotate across the different strategies? Is there momen-
tum in strategy returns?

The book ends with our conclusions of the price-based strategies, also
showing the potential directions for further research, which could shed
more light on the investment techniques and help in developing new tools
for international investors.

Poznan, Poland Adam Zaremba
Tel Aviv, Israel Jacob “Koby” Shemer
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CHAPTER 1

Data, Portfolios, and Performance: How
We Test the Strategies

In this book, we demonstrate the performance of various strategies, which
can require only a single input: historical prices. In this section, we will
begin our journey to the world of price-based investing with a short
description of how we both calculated and tested these strategies on real
historical data. All the strategies have been implemented in a consistent
and identical way so as to assure their comparability. Below, we describe
three major aspects of our examinations: (1) the data we use, (2) the
method we form the portfolios, and (3) the method we evaluate their
performance.

WaAT DATA WE USE?

Today’s financial markets know almost no borders. Sitting in his living
room in Berlin an investor can access equity markets in London,
New York, or even Tokyo with a single mouse-click. The world of invest-
ing has become more interconnected and accessible than ever before. As
a result, we do not test our strategies in a single market, even if it’s as
large as the American market, but instead, we test them in a robust sam-
ple of 24 developed countries with extensive and well-established stock
markets—that is, Australia, Austria, Belgium, Canada, Denmark, Finland,
France, Germany, Greece, Hong Kong, Ireland, Israel, Italy, Japan, the
Netherlands, New Zealand, Norway, Portugal, Singapore, Spain,
Sweden, Switzerland, the UK, and the USA. These markets span across
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many continents and cultures and account for the majority of capitaliza-
tion in global equity markets. We have based our computations on the
price data sourced from FactSet. Naturally, our tests could be further
extended to include the emerging or frontier markets, but our focus on
the developed economies guarantees the strategies to be accessible to
most of the developed-market investors.

As we have focused on the period from January 1995 to June 2017, our
sample is fresh and timely, reflecting the recent changes and developments
in financial markets. We also used older data, for instance, when forming a
strategy for January 1995 requires data from the earlier periods as, for
example, a momentum strategy which relies on past performance. At
times, the return data for some or all of the countries is available for the
shorter periods, in which case we use them. We calculate all of the strate-
gies separately for individual countries.

We collected the initial data in local currencies as comparisons based on
various currencies could be misleading (Liew and Vassalou 2000; Bali
etal. 2013). This is especially reasonable for countries where inflation and
risk-free rates are very high and differ significantly across the markets. As
most studies adopt the dollar-denominated approach (Waszczuk 2014a),
we also denominated all the data in US dollars to obtain comparable
results on an international scale.! For consistency, whenever we needed to
use the risk-free rate (e.g., to calculate excess returns), we used the bench-
mark returns on the US three-month Treasury bills. Throughout the
book, we have used gross returns, that is, returns unadjusted for tax
(whether income taxes or taxes on dividends), and rely on monthly returns,
which is probably most prevalent among such studies, although most of
the accounting data would change only quarterly.?

I'This approach was used in numerous studies of the cross-section of stock returns. Examples
include Liu et al. (2011), Bekaert et al. (2007), Brown et al. (2008), Rouwenhorst (1999),
Barry et al. (2002), Griffin (2002), Bali and Cakici (2010), Chui et al. (2010), Hou et al.
(2011), de Groot et al. (2012b), de Moor and Sercu (2013a, b), and Cakici et al. (2013).

?Waszczuk (2014a, b) indicates that the discrete-time asset pricing theory provides no
information on the relevant interval of expected returns (Fama 1998). Thus, we choose
monthly intervals, which are also the most widely used in similar studies. The reasons are
twofold. On the one hand, it offers a sufficient number of observations to ensure power of
the conducted tests. On the other hand, monthly intervals avoid excessive exposure to the
micro-structure issues (de Moor and Sercu 2013a). Lower frequency could be adequate for
the estimation of capital cost but not for asset pricing tests, for which shorter time intervals
markedly improve their quality. In practice, it is used rather rarely, mainly when the research
additionally encompasses macroeconomic data. The paper by Avramov and Chordia (2006),
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Finally, being aware that not all stocks in equity market are tradable, for
example, stocks of companies with extremely low liquidity and market
capitalization would be very difficult to trade freely, we applied a series of
various static and dynamic filters to the common stocks within our calcula-
tions at the beginning of each month when forming the investment port-
folio. We took account of only companies with the total stock market
capitalization exceeding $100 million and the average daily trailing six-
month turnover beyond $100,000. As a very low price may also lead to
practical difficulties with trading, due to a wide bid-ask spread, we dis-
carded stocks with the trading price below $1.00 at the beginning of a
given month.?

PORTFOLIOS STRUCTURE

As in our study we have reviewed a lot of different strategies, to make
them easily comparable, we investigated the strategies using portfolios
designed in an identical fashion. To test various investment approaches,
we applied the so-called one-way sorted portfolios by ranking all the stocks
in our universe on a characteristic which in academia is called the “return-
predictive variable” for it helps forecast future price changes. Naturally, for
our purposes, we used price-based return-predictive variables. Having
thus sorted the securities, we formed a long portfolio of stocks ranked
with the highest predicted return and a short portfolio of securities with
the lowest predicted returns.

In order to calculate returns in a given month, typically called month z,
we sorted the stocks within the sample at the end of the previous month
(month #—1) according to the investigated characteristic, for example,

who investigated the Consumption CAPM, may serve as an example. Some of the methods
and their description in this book are analogous and sourced from Zaremba and Shemer
(2017).

3The filters applied in this book are similar to plenty of asset pricing studies on interna-
tional equities. For instance, de Moor and Sercu (2013a, b) set the minimum market value
at $100 million on the international sample and additionally limit the examinations to stocks
with monthly trading volume larger than $100,000, identically as in this book. Brown et al.
(2008) include only equities belonging to the intersection of top 50% market liquidity and
top 50% market capitalization. van der Hart et al. (2005) set the lower boundary for the firm
capitalization at $100 million for the last month of the study sample and Burghof and
Prothmann (2011) use the limit of GBP20 million. Considering the price of the stock, most
of the studies rely on the SEC definition, implying that penny stocks priced below $5
(Jegadeesh and Titman 2001; Gutierrez and Kelley 2008; Bhootra 2011).
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short-run return and long-run return. Having ranked the markets by the
investigated characteristics, we then determined the 20th and 80th per-
centile breakpoints for each measure. In other words, by focusing only on
the 20% of the securities with the highest expected returns and the 20% of
the stocks with the lowest predicted future returns, we consequently
arrived at two quintile subgroups.*

Subsequently, we weighted the respective equities from portfolios. For
simplicity, we used a straightforward weighting method—equal weight-
ing, under which each of the best (or worst) stocks from the top (or bot-
tom) quintiles of the ranking was assigned the same weight, that is, a
fraction of the portfolio. In other words, we divided the portfolio into
equal parts and bought the same amount of every stock. In practice, many
methods are used, and all of them has some pros and cons.

Equal Weighting Among various methods, this is perhaps the simplest
way of weighting portfolio components, giving identical weights to all
securities. Importantly, we are likely to rebalance such portfolio frequently
as stock prices rise and fall every month, changing thus the share in the
portfolio. To hold equal stocks, the investor needs to rebalance it on a
systematic basis. The more frequent the rebalancing, the more frequent
the trading. Whereas the more trades we do, the higher rise the total trans-
action costs. As a result, a frequently rebalanced equal-weighted portfolio
might finally prove costly for investors. In contrast, for portfolios con-
structed from one-way sorts, the cost drag may not significantly exceed
other types of weightings, for example, the value weighting as the portfo-
lio turnover comes not only from rebalancing but mostly from stocks
entering and leaving the portfolio, which is common across all weighting
schemes. To its advantage, this approach generates no overweight of any
type of stocks making equally weighted portfolios exhibit decent exposure
to small companies, which tend to yield high anomaly returns.

*The type of quantile portfolios highly depends on the number of available constituents,
and it is a trade-oft between the number of assets available and the grid resolution (Waszczuk
2014b). The most widely considered alternatives are quintiles, for example, Banz (1981) and
Chan et al. (1998), and deciles, for example, Jegadeesh and Titman (1993, 2001) and
Lakonishok et al. (1994). We decided that 78 diversified index portfolios are sufficient for
the 20th and 80th breakpoints but insufficient for the 10th and 90th breakpoints. Among
alternative approaches, Bauman et al. (1998) considered quartile grouping, Achour et al.
(1998) worked with tertile portfolios, and Brav et al. (2000) used the 50% cut-oft. In our
case, due to a relatively small number of assets in the portfolios, we mostly rely on tertile
portfolios.
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Capitalization Weighting Weighting on stock market capitalization, as
an alternative to equal-weighting scheme, assigns bigger weights to
stock market companies with large market values. As this approach con-
centrates in particular on large and liquid companies, it may result in
lower trading costs (Novy-Marx and Velikov 2016; Zaremba and
Nikorowski 2017), although the differences are moderate (Zaremba and
Andreu Sanchez 2017), because a large part of the turnover stems from
stocks entering and leaving the portfolio rather than from the rebalanc-
ing. To its disadvantage, capitalization weighting returns tend to appear
the strongest in small caps and this type of portfolio formation under-
weights small caps diminishing the portfolio benefits from cross-sectional
patterns.

Liquidity Weighting Liquidity weighting is a good candidate for an even
more realistic approach to weighting portfolio constituents as it grants a
higher share in the portfolio to the most liquid securities ranked by, for
example, turnover; its unquestionable advantage is the low-trading cost:
the investor concentrates on stocks that are highly liquid, which as a rule
also display narrow bid-ask spreads. Unfortunately, such portfolios give
also preference to the most efficient market segments, making the stocks
less likely to display strong anomalous behavior.

Factor Weighting Following the factor-weighting approach, we weight
the stocks neither according to their capitalization or liquidity but
rather by their expected return proxied by an additional variable. For
instance, when building a portfolio on the book-to-market ratio, you
can weigh the components by the standardized book-to-market ratio;
strictly speaking, the weights could be tied to either the raw variables
(see, e.g., Zaremba and Umutlu 2018) or the ranking values (Asness
etal. 2017).

This approach guarantees the portfolio share be closely linked to the
expected performance. Unfortunately, the weights might also prove quite
volatile, especially in the case of dynamic strategies, like momentum, lead-
ing to a high turnover and, in consequence, high trading costs.

Enbanced Indexing and Other Methods There are numerous other tech-
niques of weighting the components of quantitatively managed portfolios.
Some rely on sophisticated optimization algorithms while others are rule
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based (Narang 2013). One of the increasingly popular methods includes
fundamental weighting based on weighting portfolio components on fun-
damental variables: for example, sales or the book-to-market ratio. This
approach delivers decent returns at the level of both individual stocks and
whole countries or indices.®

EVALUATION OF THE STRATEGIES

To present the performance of various strategies, we have facilitated an
array of statistical data: mean returns, volatilities, or skewness, using the
following both simple and popular ratios to assess the returns and strategy
risk.

Sharpe Ratio The Sharpe ratio originates from William Sharpe, a Nobel
Prize laureate, who in his research entitled “Mutual Fund Performance”
(Sharpe 1966) formulated the index, which was later named after him.
Undoubtedly, the ratio is still the most popular investment performance
measurement tool, which accounts for not only profit but also risk.

Under the most traditional definition, the Sharpe ratio measures the
excess rate of return per unit of risk taken by the investor (Sharpe 1966).
The ratio is calculated by dividing the excess return and the risk under-
stood as the volatility (standard deviation) of these excess returns.® By
excess return, we mean the difference between the return on the investi-
gated portfolio and the return of the risk-free instrument.” Throughout

>For stocks, see, Arnott et al. (2005), Tamura and Shimizu (2005), Hsu and Campolo
(2006), Walkshausl and Lobe (2010), and Zaremba and Miziotek (2017a). For comprehen-
sive literature surveys, sece Chow et al. (2011), Amenc et al. (2012), and Bolognesi and
Pividori (2016); for country equity indices, see Estrada (2008), Yan and Zhao (2013), and
Zaremba and Miziotek (2017b).

®In the literature, by default the term volatility means a yearly standard deviation of
returns. Both terms are used in this book in the same meaning.

7In financial studies, we have two main methods of converting prices to returns: the arith-
metic (simple) and logarithmic return approach. The latter is usually preferred for three basic
reasons: (1) better arithmetical properties (including compounding over time), (2) return
distributions that represent a larger degree of normality than arithmetic returns, and (3)
reduced heteroscedasticity in logarithmic returns series (Waszczuk 2014b). This type of
returns are not fully additive over assets, but the bias is rather small, especially for the short
time intervals; so they are also used in the cross-sectional studies (e.g., Liew and Vassalou
[2000], Diacogiannis and Kyriazis [2007]). In the calculations used in this book, for the sake
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this book, it is represented by benchmark returns on the US three-month
Treasury bills.

The Sharpe ratio is a simple measure and could be expressed with the
following formula:

SR = (1.1)

Q| =i

whereby R represents the mean excess return on the investigated portfo-
lio over the examined period, and o is its standard deviation of excess
returns. The ratio is usually presented on an annual basis, that is, with
yearly excess returns.® Although our computations are based on monthly
intervals, we also adopted an annualized version of the ratio by simply
multiplying the monthly Sharpe ratio by the square root of 12.

While an unquestionable virtue of the Sharpe ratio is its simplicity, it
performs poorly in the environment of negative excess returns. For this
reason, we facilitated the Sharpe ratio with the so-called Jensen’s alpha.

Jensen’s Alpha The Jensen’s alpha is a measure derived from the capital
asset pricing model (CAPM, Sharpe 1964).° The CAPM is a simple model
that was invented by the famous researcher—William Sharpe—for three
main purposes: to explain the reasons for portfolio diversification, to cre-
ate a framework for valuating assets in a risky environment, and to explain
differences in the long-term returns of various assets.!'® The CAPM laid

of simplicity, we use arithmetic returns. For further discussion on the return calculation for
financial studies, see Roll (1984) or Vaihekoski (2004).

8The Sharpe ratio was later frequently revised and modified by many authors, including its
inventor; across this book, however, we rely on the simplest and most intuitive definition
described by Sharpe (1966). For more examples of the modifications and revisions of the
Sharpe ratio, see Sharpe (1994), Vinod and Morey (1999), Dowd (2000), Israclsen (2005),
or Le Sourd (2007).

°The detailed characteristics of the Sharpe model were extensively presented in a number
of financial textbooks, for example, Francis (1990), Elton and Gruber (1995), Campbell
et al. (1997), Cochrane (2005), or Wilmott (2008).

O Treynor (1961, 1962), Lintner (1965a, b) and Mossin (1966) developed a similar
model at the same time, so all four—including Sharpe (1964 )—are now considered to be the
fathers of the CAPM model. See also French (2003).
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the foundation for many other methods of performance evaluation in
investment portfolio management.

The fundamental assumption of the model states that volatility of a
financial instrument can be broken down into two parts: a systematic and
specific risk. The systematic risk stems from general changes in the market
conditions and relates to the volatility of the market portfolio, whereas the
specific risk relates to volatility which is, however, driven not by the market
but by the internal situation in the company. In other words, losses ensu-
ing a market crash are rather of a systematic nature while losses due to an
employee strike belong to the specific risk category.

The CAPM model bears some vital implications for both portfolio con-
struction and diversification. When building a portfolio, systematic risks of
individual stock simply add up; however, specific risks, not being corre-
lated, set each other off. Therefore, in a well-diversified portfolio, the
influence of'the specific risk is generally negligible, and in a well-functioning
market, a rational investor may ignore the specific risk and concentrate
solely on the systematic part. After all, would the investor even consider
the specific risk if it could be easily diversified away at no cost?

This important implication of the CAPM model—stating that the
investors should be only compensated for the systematic risk because the
specific risk can be easily eliminated—is

R,=a,+R, +p

(R, -R,,)+e (1.2)

rm,i i’
where R;,, R,,,, and R, are returns on the analyzed security or portfolio;
7, the market portfolio and risk-free returns at time #; and «; and f,,,; are
regression parameters. f3,,,; is the measure of the systematic risk which tells
us how aggressively the stock reacts to the price changes in the broad mar-
ket. Fundamentally, the CAPM formula implies that the excess returns on
the investigated security or portfolio should increase linearly with the sys-
tematic risk measured with beta: the higher the risk, the higher the
expected return.

Finally, the a, intercept measures the average abnormal return: the so-
called Jensen’s alpha. It is defined as the rate of return earned by the port-
folio or a strategy in excess of the expected return from the CAPM model.
The Eq. 1.3 could be easily rewritten to be used to evaluate past returns
on a portfolio:
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aizRiE_Bi'(R_j)’ (1.3)

where a; is the Jensen’s alpha on the investigated portfolio, R® is its mean
excess return over the examined period, f3; is the market beta, and R’ is
the mean excess return on the market portfolio.!' Throughout the book,
we have used the capitalization-weighted return as the proxy for the mar-
ket porttolio, which we calculated based on either gross or the risk-free
rate, consequently represented by the US three-month T-bills.!?
Importantly, as far as a zero-investment portfolio is concerned, there is no
need to subtract any risk-free rate.

The decisive rule for the Jensen’s alpha states that when alpha from the
CAPM model turns negative, it signals the investment in the analyzed
strategy, or portfolio, to become unreasonable as a higher return at a com-
parable risk level could be achieved via investments in the risk-free asset
and market portfolio.

Statistical Significance One important challenge in examining investment
strategies is to distinguish when seemingly abnormal returns are truly
abnormal and when it is pure coincidence. If a trader earned 10% annually
for five consecutive years, how can we tell whether he has followed a supe-
rior investment strategy or he just got lucky? For this purpose, whenever
we reported any mean returns or alphas, we simultaneously reported their

For simplicity, in the book we use the Jensen’s alpha in its most basic form. Nonetheless,
this performance measure has been frequently updated and modified over time (Zaremba
2015). For example, Black (1972) suggested using a portfolio with a beta coefficient equal
to zero instead of a risk-free return. Brennan (1970), on the other hand, constructed a model
taking into account taxes. Elton and Gruber (1995) suggested using a total risk instead of a
systematic one. Many papers also suggested putting additional attention to the way the profit
was earned and how the alpha coefficient was decomposed in respect of its origin (e.g.,
Treynor and Mazuy 1966, McDonald 1973, Pogue et al. 1974, Merton 1981, Henriksson
and Merton 1981, Henriksson 1984, Grinblatt and Titman 1989). Furthermore, a substan-
tial body of research attempts to improve the measure of systematic risk. There are several
basic strands in this line of studies. The first uses conditional betas taking different values for
growing and declining markets (Ferson and Schadt 1996; Christopherson et al. 1999). The
second approach incorporates other risk factors and macroeconomic variables (e.g., Ross
1976; Fama and French 1996; Carhart 1997; Amenc and Le Sourd 2003). Example of dif-
ferent types of systematic risk could be found in the models of Connor and Korajczyk (1986),
based on the arbitrage pricing theory, the index model by Elton et al. (1993), or the manage-
ment style analysis according to Sharpe (1992).

12In particular, we source the market factor returns from Kenneth R. French’s web-
site: http://mba.tuck.dartmouth.edu/pages/faculty/ken.french /data_library.html.
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statistical significance which at least to some extent helps us statistically
differentiate real return patterns from mere luck. When some mean return,
or alpha, exceeds zero at the 5% level, it indicates a 5% risk of no real pat-
tern in the returns, even though we have identified it in the historical data.
In other words, the returns could turn positive only in our specific sample,
and this result may not be replicated in another sample. Thus, this 5%
threshold could also be interpreted as the probability of the returns plung-
ing below zero when implementing this strategy to another sample.

The statistical significance test may be one sided, that is, informing us
whether the returns are significantly higher than zero, or two sided, that
is, informing us whether the returns depart from zero (either below or
above).

Throughout this book, we presented the significance of both the mean
and abnormal returns of the tested strategies'® aiming to provide a better
view on how compelling the performance of the strategies really is. If the
abnormal returns remain significant at the level of 1% or 5%, we can be
fairly sure that the strategy is no random return pattern. At 10%, the evi-
dence is still firm, but less convincing. Once the significance plunges below
10%, the probability that the abnormal returns result from pure chance is
considerable, thus it would be risky to assume it would continue in the
future.'
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CHAPTER 2

The Trend Is Your Friend: Momentum
Investing

Momentum will be the start of our journey into the world of price-based
strategies. Among hundreds of financial market anomalies so far discov-
ered, the momentum strategy may be rightly called the queen ofall anom-
alies. Like the holy grail of financial markets, it might be regarded as an
ideal strategy for any investor, combining two essential characteristics:
simplicity and robustness. On the one hand, its implementation is very
straightforward and requires no sophisticated skills and data. On the other
hand, it is perhaps one of the most pervasive and timeless return regulari-
ties ever discovered. It has been identified not only in equities but also in
numerous other asset classes. It worked well a century ago. It has been
delivering decent returns in recent years. These characteristics make
momentum an attractive proposition for virtually any investor.

WhHAT Is MOMENTUM?

Let us start by answering the most fundamental question: what is momen-
tum? At a very high level, it is a well-established tendency of assets with
good past performance to continue to overperform in the future and,
analogously, for assets with poor past performance to continue to under-
perform. In other words, if a given stock, or bond, delivered good returns
in the past, it is more likely than not that the trend will continue. There
are many different momentum strategies which rely on various sorting
techniques and predictive indicators, and differ greatly in sophistication.
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The most fundamental rule, however, remains always the same: stick to
the winners and shy away from past losers. The trend is your friend, as
market practitioners like to iterate.

While we now have a preponderance of momentum-related strategies,
the most classical and common approach is relative momentum—which
most frequently attributed to Jegadeesh and Titman (1993). This type of
strategy ideally fits the practice of building portfolios based on sorting
techniques. Under this approach, an outlook for a given security is pre-
dicted by its performance relative to other stocks in the markets. The strat-
egy favors stocks with the highest past returns over the companies with the
worst track record. Technically, the implementation is very simple: we
rank stocks on their past returns. The return predictive signal used for
ranking stocks might be thus as simple as:

RM,, =4, 2.1

where RM; , is the momentum signal for stock 7 in month # is simply is
price in the previous month (P; ,_,) divided by its price some number of
months (%) earlier (P; ,_ ;). Plain and simple. You just sort stocks on their
historical price changes: the bigger, the better. The only question remain-
ing is, what is %. In other words, based on which past period we should
sort the securities. In their seminal paper, Jegadeesh and Titman (1993)
showed that the stocks that performed well over past 6-12 months con-
tinue to outperform in the next 3—12 months, that is, roughly speaking, a
few months. Yet what is the optimal sorting and rebalancing period? Are
there any alternatives? We will elaborate on these important nuances as
soon as we present how the momentum strategy works.

Dors MOMENTUM WORK?

The evidence on momentum performance is tremendously abundant,
including both academic and anecdotal proofs.! The latter could be traced
back to David Ricardo (Antonacci 2015), a well-respected classical econo-
mist who most probably first coined the famous momentum adage, “cut
your losses, let your profits run,” laying thus the foundation for the entire

! Antonacci (2015) provides an interesting survey on the early evidence on momentum.
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trend-following philosophy. What’s more, Ricardo had been very successful
in translating his concept into real profits, he is said to retire at the age of
42 with a real fortune worth today US$65 million.

Momentum concepts also emerged in the finance literature of the early
twentieth century. The famous book by Edwin Lefevre (2010) entitled
Reminiscences of & Stock Operator may serve as a perfect example. This
popular masterpiece unraveled the investment approach of Jesse Livermore,
a well-known trader of the previous century, who recommended buying
shares at their new heights, which vividly resembles a popular trend-
following strategy based on price breakouts (Jaffarian 2009). The famous
maxim of Livermore that “prices are never too high to begin buying or
too low to begin selling” perfectly encapsulates the trend-following
concept.

The trend-following approach was, perhaps, the most common
approach among pre-World War II gurus and legendary speculators of the
time, including Richard Wyckoft (1924); George Seamans (1939); Arnold
Bernhard, the founder of the Value Line Investment Survey (Antonacci
2015, p. 14); and Robert Rhea, the Dow theorist (Rhea 1932; Gartley
1935, 1945). It was not until the research by Alfred Cowles III and
Herbert E. Jones (1937) that momentum became a subject of scientific
research.

Looking back, the work of Cowles and Jones (1937) does seem most
impressive, given that their painstaking computations were conducted
with no assistance of a computer or even a calculator. Cowles and Jones
collected data on stock prices and dividends from the years 1920 to 1935,
a great accomplishment in its own right, and discovered probably the first
scientific proof of momentum. In their manuscript they noted, “[T]aking
one year as the unit of measurement for the period 1920 to 1935, the
tendency is very pronounce for stocks which have exceeded the median in
one year to exceed it also in the year following.” Hence, high performance
over the previous year is a promising sign of good returns in the future. In
other words, momentum works.

The post-war era brought an even higher interest and popularity of
momentum strategies. Its simplicity attracted some stock market celebri-
ties. The book by Nicolas Darvas (1960) with a captivating title How I
Made $2,000,000 in the Stock Market?is an ideal example. Darvas, a dancer
traveling around the globe, was hardly the type of a professional equity
investor. On his tours, he only occasionally contacted his stockbroker
through cable. As he describes in his book, his strategy was astonishingly
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simple: systematically reviewing newspapers, he would buy stocks at their
new heights and systematically replace them with new market leaders.
Following this straightforward technique, he asserted to make $2,000,000.

Another famous trader who strengthened the story of momentum
investing was Richard Donchian. As a commodity advisor and trader, he
used to publish a weekly newsletter describing his trend-following system
based on 5-day and 20-day moving averages. His work, in turn, inspired
other legendary traders Richard Dennis and Ed Seykota to train their
group of investors which was later branded Turtle Traders. Interestingly,
most of them become later exceptionally successful commodity trading
advisors (CTAs) with Seykota famously mentoring Michael Marcus and
David Druz, among many others.?

This anecdotal evidence, compelling as it is, still lacks the rigidity of
proper scientific evidence. Admittedly, any comprehensive studies of
momentum are hard to imagine in the pre-computer era. The first computer-
based analysis was finally conducted by Levy in 1967, who first coined the
phrase “relative strength”, the early term for momentum, later renamed by
academics. While Levy’s precursory study falls short of the contemporary
academic standards, covering only 625 stocks and ignoring both transaction
costs and risk factors, its conclusion was clear: the top stock market perform-
ers yielded markedly higher returns over the subsequent six months than the
market laggards.? The difference in returns between the past winners and
losers amounted to 6.7 percentage points. Importantly, a bunch of later
studies, which eventually accounted for trading costs and tested different
equity and industry samples, essentially confirmed Levy’s results (Akermann
and Keller 1977; Bohan 1981; Brush and Bowles 1983). Levy was not
wrong: stock market winners outperform losers.

Despite this early evidence, the momentum phenomenon failed to
attract much attention from the academic community until in the 1990s
the behavioral finance emerged offering logical and coherent explanation
for the momentum effect. The groundbreaking article on momentum,
“Returns to buying winners and selling losers: Implications for stock mar-
ket efficiency”, was published by Narasimhan Jegadeesh and Sheridan
Titman in 1993. To this day, it remains the most frequently cited work on

2Other popular books depicting famous momentum traders include Chestnutt (1961),
Haller (1965), Soros (2003), Covel (2007, 2009), O’Neil (2009), and the “Market wiz-
ards” series (Schwager 1994, 2003, 2012a, b).

3Later, in 1968, Levy expanded his thoughts to a full book on investing.
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momentum ever written. Jegadeesh and Titman (1993) employed a prac-
tical rule-based approach: buying and holding a quantile of stocks that
displayed the highest returns in the past while shorting the securities that
delivered the lowest payofts in the past. Having analyzed the price and
return data on stocks listed on the NYSE and AMEX for years 1965-1989,
the authors discovered that the stocks winning over past 6—12 months
continued to outperform the losing stocks on a risk-adjusted basis by
about 1% monthly over the subsequent 6—12 months. More importantly,
this pattern seemed to be persistent over time. A decade later, Jegadeesh
and Titman (2001) replicated their study to see whether the momentum
would still hold. The results remained intact: in the 1990-1998 period,
the past winners still continued to outperform the past losers by a substan-
tial amount.

Jegadeesh and Titman’s discovery (1993) was a scientific breakthrough.
From the realm of stock market astrology, the momentum phenomenon
was once for all elevated to the respectful halls of universities. Having
sparked interest among academicians, the seminal paper triggered an
extraordinary proliferation of momentum studies. Now momentum can
be still called the most intensively researched topic in finance even with
Eugene Fama, Nobel Prize laureate and a famous apostle of the stock
market efficiency, finally calling momentum “the center stage anomaly of
recent years”. At the moment, a search for “momentum” in the Social
Science Research Network eLibrary produces 3605 manuscripts, with
over a thousand written in the past three years. While momentum’s effec-
tiveness in equities is regarded a well-established fact, the current scientific
investigations have formed four major pursuits: (1) examining momentum
across different markets and asset classes, (2) searching to explain its ori-
gins, (3) enhancing momentum-based strategies, and (4) researching the
statistical properties of momentum-generated returns.

The final conclusion looming from this wealth of research is straightfor-
ward: the momentum phenomenon is one of the most robust, pervasive,
and ubiquitous financial market anomalies ever discovered. It is truly beyond
count now how many times the effect was proven in the US stock market,
and the studies of Fama and French (2008) or Chan et al. (2012) may just
serve as the most well-known example. Outside the USA, the momentum
effect has been documented in developed (Rouwenhorst 1998; Chan et al.
2000; Griffin et al. 2005), emerging (Rouwenhorst 1999), and frontier
markets (de Groot et al. 2012b). Recent years have brought a number of
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research investigating momentum across a wide spectrum of countries and
timeframes as we can see in Table 2.1 including, for instance, Jacobs and
Miiller (2017a, b) who tested momentum within 39 countries for years
1980-2015.

Interestingly, the momentum effect seems to be effective not only any-
where but apparently any time, forming one of the most reliable and long-
standing anomalies ever known. According to recent studies, the
momentum strategy has worked well for over two centuries, as evidenced
by Chabot et al. who found that momentum delivered satistactory profits
even in the Victorian age and Geczy and Samonov (2016) who in an
incredible research effort demonstrated the effectiveness of momentum in
the US equity market since 1800. Bearing that in mind, it is hard to regard
momentum as a simple data-mining accident.

With all the overwhelming evidence, one of the most amazing charac-
teristics of momentum is that it works virtually everywhere: being observ-
able not only in individual stocks but also across entire portfolios. There is
plenty of evidence that the momentum effect emerges in industry portfo-
lios and country equity indices.* In other words, when deciding in which

Table 2.1 Studies of momentum in international stock markets

Paper Research period — Number of examined countries
Griffin et al. (2003) 1926-2000 39
Chui et al. (2010) 1980-2003 55
Park and Kim (2013) 1990-2010 14
Fan et al. (2015) 1989-2009 43
Li and Wei (2015) 1988-2013 36
Schmidt et al. (2015) 1986-2012 21
Jacobs (2016) 1994-2013 45
Jacobs and Miiller (2017a, b) 1980-2015 39

Note: Own elaboration

*See, for industry portfolio, Pan et al. (2004), Moskowitz and Grinblatt (1999), Faber
(2010), Chen et al. (2012), Andreu et al. (2013), Szakmary and Zhou (2015), Plessis and
Hallerbach (2016); for equity indices, Balvers and Wu (2006), Bhojraj and Swaminathan
(2006), Muller and Ward (2010), Asness et al. (1997), Chan et al. (2000), Vu (2012),
Andreu et al. (2013), Evans and Schmitz (2015), Grobys (2015), Zaremba (2016d),
Zaremba and Andreu Sdnchez (2017), Zaremba and Umutlu (2018a, b), Guilmin (2015),
or Zaremba and Shemer (2017).
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country you should invest, do look at the past performance, as here again
top-performing stock market indices continue to overperform.

This pervasive pattern is found not only in equities but also across virtu-
ally all possible asset classes. The examples include treasury bonds, corpo-
rate bonds, commodities, currencies, real estate investment trusts (REITs),
and interest rates, including even specific asset classes like Islamic bonds.®

Apart from equities and other asset classes, momentum sometimes
appears in places that at first sight seem astonishing, like equity anomalies.
Having analyzed returns on the 15 well-known equity anomalies in the
US equity market, Avramov et al. (2016b) discovered that the anomalies
that performed well in the most recent month continued to do well in the
future, which was later confirmed in emerging markets (Zaremba and
Szyszka 2016) and also—in a broader understanding—in international
style or factor portfolios.®* How should we interpret this? When choosing
an equity strategy—whether based on value, low risk, or quality—it’s
worth keeping an eye on its past performance, regardless, in effect, of the
observation period. Whether focusing on the last month, last year, or five
years, the winner strategies tend to continue winning. This phenomenon
is hardly limited to equities; it could be applied to, for instance, country
asset allocation techniques or government bond strategies (Zaremba
2015a, 2017a) as successtul approaches are more likely to succeed in the
future.

®See, for government bonds, Luu and Yu (2012), Asness et al. (2013), Duyvesteyn and
Martens (2014), Hambusch et al. (2015), Zaremba and Czapkiewicz (2017a, b), and
Zaremba and Schabek (2017); for corporate bonds: Gebhardt et al. (2005), Pospisil and
Zhang (2010), Kim et al. (2012), Jostova et al. (2013), de Carvalho et al. (2014), Israel
etal. (2016), Barth et al. (2017), van Zundert (2017), Lin et al. (2017), and Houweling and
van Zundert (2017); for interest rates, Durham (2013); for currencies, Okunev and White
(2000), Bianchi et al. (2005), Menkoff et al. (2011), Burnside et al. (2011), Pojarliev and
Levich (2013), Kroencke et al. (2013), Amen (2013), Accominotti and Chambers (2014),
Olszewski and Zhou (2014 ), Orlov (2015), Bae and Elkamhi (2015), Filippou et al. (2015),
and Grobys et al. (2016); for commodities, Pirrong (2005), Miffre and Rallis (2007),
Fuertes et al. (2010), Gorton et al. (2013), de Groot et al. (2014), Szymanowska et al.
(2014), Fuertes etal. (2015), and Zaremba (2016); and for real estate and REITs, Hung and
Glascock (2010), Beracha and Skiba (2011), Goebel et al. (2012), Ro and Gallimore (2013),
Feng et al. (2014)., and Moss et al. (2015).

¢See, for factor portfolios, Zaremba and Shemer (20164, ¢, ¢, and Ehsani (2017); for style
indices, Chen and De Bondt (2004 ), Tibbs et al. (2008), Clare et al. (2010), and Chen et al.
(2012).
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So far we have talked only about the strategies within individual asset
classes. Can we then benefit from the momentum phenomenon when
choosing an asset class at the highest level of asset allocation? Absolutely!
Blitz and van Vliet (2008) showed that past winners among asset classes
are likely to remain winners while past laggards continue to stay behind
which has been subsequently confirmed by many other rescarchers.”

While this wealth of evidence can be called direct, the validity of the
momentum strategy can also be supported indirectly—by technical analy-
sis. In reality, most of the quantitative technical trading systems, employed,
for example, by professional Commodity Trading Advisors (Fung and
Hsieh 1997; Lhabitant 2008), rely on trend following, a concept closely
related to a type of price momentum sometimes called “time-series
momentum” (discussed later in this chapter). Over the last decades, the
profitability of the technical signals has been scrutinized in numerous
research papers, with some studies relatively simple, but the recent ones,
in particular, growing in sophistication. In a simpler research paper—a
study from 1988 by Lukac et al.—the authors tested an array of trading
strategies, including the so-called price channels, moving averages, oscilla-
tors, stop-loss orders, and the combinations of all these techniques stem-
ming from the trend-following philosophy. The authors ensured robustness
of their results and considered plenty of issues, including various portfolio
optimization methods, alternative levels of trading costs, applying their
system to a number of different commodity markets, also, adjusting the
strategy returns for risk. As a result, 7 out of the 12 systems they tested
provided both significant and positive abnormal returns. In other words,
some of them—though not all—appeared effective, confirming, at least
partly, the validity of the trend-following approach.

As indicated, the early examinations, of which the study by Lukac et al.
(1988) may serve as a classical example, may seem relatively simple com-
pared to the following studies visibly gaining in sophistication. For exam-
ple, in 2005 in his research, Roberts utilized a complicated genetic
algorithm to investigate the performance of as many as 20,000 random
investment rules. He employed state-of-the-art simulation techniques and
made his results robust to many considerations. Furthermore, in a recent
“survey” paper, two researchers, Park and Irwin (2007), took a Herculean
effort and reviewed almost a hundred various studies devoted to technical

7See, for example, Wang and Kochard (2011), Kim (2012), Asness et al. (2013), Bhansali
etal. (2015), Baz et al. (2015), and Cooper et al. (2017).
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analyses classifying them as “early” or “modern” according to the sophis-
tication and quality of the testing procedures. In general, the “early” stud-
ies showed that the technical trading signals are able to deliver decent
profits in futures markets and currency markets, yet tending to perform
poorly in equity markets, whereas the “modern” studies were on average
even more optimistic, showing that technical trading generated consistent
economic profits in a variety of speculative markets. Among all of the stud-
ies reviewed by Park and Irwin (2007), the majority—59%—displayed
positive results of technical trend-following strategies; the further 20%
proved negative, while 19% of the studies produced mixed results.
Summing up, the technical analysis appears to work well, with some stud-
ies however casting doubt on this proposition.

Wnay MOMENTUM WORKS?

Once momentum was proved effective, it was time to question its origins.
Although technical trading strategies always appealed to investors, the aca-
demic community was rather reserved. This caution stemmed most likely
from two essential issues (Irwin and Park 2008). First, the initial formal
academic attempts to verify the efficiency of technical analysis were unable
to deliver convincing proofs.® Second, the idea that technical analysis
could be profitable, stood in stark opposition to the main paradigm of the
time—the efficient market hypothesis (EMH )—which largely dominated
the thinking of the 1960s and 1970s. The term “efficient market hypoth-
esis” was originally coined in 1967 by Harry Roberts who was also the first
person to distinguish between the weak and strong forms of efficiency that
later became the canonical taxonomy in the research of Eugene Fama
(1970), the Nobel prize laureate. In essence, the EMH assumes that in the
informationally efficient market, the prices should always perfectly reflect
all the available information. The classification of the EMH differentiates
its three forms: weak, semi-strong, and strong, dependent on what cate-
gories of information we refer to. In particular, the weak form has the
strongest link to the technical analysis, because it considers the past prices.
In other words, when the market is informationally efficient in its weak
form, all of the information on past prices should be included, or “priced”,
in the current prices. Why? Because if thousands of stock market investors

8See, for example, Fama and Blume (1966), van Horne and Parker (1967, 1968), or
Jensen and Benington (1970).
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make their best efforts to exploit the technical trading opportunities in the
equity market, then it is quite likely that any possible profits will rapidly
dry up. To put it in different words, there is no place for any abnormal
returns to be gained by technical analysis. As the famous economist Paul
Samuelson (1965, p. 44) concluded, “There is no way of making an
expected profit by extrapolating past changes in the future price, by chart
or any other esoteric devices of magic or mathematics. The market quota-
tion in t already contains in itself all that can be known about the future
and in that sense has discounted future contingencies as much as it is
humanly possible.” How strong was the belief of the academic community
in the EMH is also well expressed by another quote by Michael Jensen
(1978), who famously wrote, “I believe there is no other proposition in
economics which has more solid empirical evidence supporting it than the
efficient market hypothesis.”

Despite this rigid and categorical approach implied by the EMH, some
later views were slightly more generous toward the profitability of technical
trading. In particular, Grossman and Stiglitz (1976, 1980) indicated an
interesting paradox in the reasoning pointing out that if financial markets
are truly efficient, then its participants might have no incentive to either
conduct any analysis or implement any strategies, especially if these pro-
cesses require devotion of their time and money. In a nutshell, some inves-
tors may intentionally choose not to follow any technical analysis to avoid
putting their efforts in something that is finally ineffective. These so-called
noise traders, may, in turn, create opportunities for someone who does
decide to follow the technical strategies. In other words, by voluntarily
withdrawing from implementing some strategies, they produce profit
opportunities for others. Moreover, the higher the costs of examining and
implementing some investment techniques, the more investors might be
prone to shy away from technical tools, thus, making these strategies even
more effective. Summing up, Grossman and Stiglitz seem to say: do not
worry that much, there is still some hope for trend following.’

To a great extent, the ideas of Grossman and Stiglitz changed the
broadly held view on technical analysis and led to consider trend following

?The noisy rational expectations model in its most original form does not fully allow for
technical analysis, because Grossman and Stiglitz (1976, 1980) assume that uninformed
investors have rational expectations about future prices. Nonetheless, this gap has been filled
by subsequent variations of this model, for example, Hellwig (1982), Brown and Jennings
(1989), and Blume et al. (1994).
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a more legitimate approach to market analysis. Hence, further explana-
tions of momentum were quick to follow. While two or three years ago
momentum appeared puzzling to the academic community, calling it now
“an anomaly” could sound a little insolent. Although the jury on the
sources of momentum is still out, now the finance literature offers a num-
ber of plausible explanations with opposite camps: supporters of neoclas-
sical (rational) and behavioral finance still entangled in dispute.

The explanations of risk-based momentum go back to the ideas of
Conrad and Kaul (1993) who saw its origin in the cross-sectional variation
of expected stock returns. According to the researchers, the momentum
effect might emerge simply because of the higher long-run returns. In
other words, some firms systematically deliver higher returns. If we place
the best performing companies in one portfolio, the investment, compris-
ing outperforming stocks, is likely to continue to outperform in the future.
Plain and simple. To gain a better perspective, let’s assume that the market
consists of only two firms. The first operates a safe and stable business, and
its shares yield a stable 5% return per year. The other, rather inexperienced
and risky, sees its share highly volatile for which the more careful, risk-
averse investors would expect a return of at least 10% leading the shares to
appreciate approximately 10% per year. Now let’s think about momentum
portfolios. In finance “laboratories”, momentum strategies are usually
implemented by sorting: you rank the equities by their past returns and go
long in the stocks with the best performance, simultaneously shortening
the worst performers. If an investor employed this strategy in our market
of two stocks, they would most likely go long in the risk stock yielding
10% per year, and go short in the safe stocks delivering 5% per year. And,
indeed, this portfolio will probably display positive returns, as it is long in
the company that is characterized by a higher rate of return. The trouble
lies only in the source of this outperformance. The better performing
stocks display no sophisticated momentum-specific characteristics that add
an extra return premium—being only more risky. In consequence, the
momentum investor in this example loads his portfolio with excessive
risk—giving the only reason for momentum to work. No magic involved.
The momentum is not driven by any short-run conditional payoffs; it is
rather a result of cross-sectional variation in long-run unconditional
returns.

The theory seemed straightforward and coherent until a number of
further studies refuted it, showing it is not the same risky stocks that com-
prise momentum portfolios. On the contrary, momentum is driven by
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rotating companies and stocks, systematically updating the winners and
losers portfolios (Jegadeesh and Titman 2001; Grundy and Martin 2001).

Most equity anomalies are usually explained in one of the two ways:
either as a consequence of the underlying risk factors or as a manifestation
of investor irrationality that cannot be easily arbitraged away. Here, the
momentum case is not that different. A number of studies suggest that the
momentum profitability might be associated with countrywide (or even
international) risk factors related to liquidity fluctuations or macroecon-
omy, for example, cycle (Chordia and Shivakumar 2002), economic
growth shocks (Ahn et al. 2003), aggregate liquidity (Pastor and
Stambaugh 2003), consumption (Bansal et al. 2005), and industrial pro-
duction (Liu and Zhang 2008). Moreover, one study by Sagi and Seasholes
(2007) linked momentum profits with firm-specific characteristics, like
revenue, volatility, or costs of goods sold, whereas another influential
research by Cooper et al. (2017) linked momentum to global macroeco-
nomic risks across multiple asset groups. The authors proved that momen-
tum might serve as a proxy for a set of global macroeconomic risks which,
when efficiently combined, can explain the momentum abnormal profits.
The risk factors included the growth rate of industrial production, unex-
pected inflation, change in expected inflation, and both term and default
spread. Recreating momentum strategies using the stocks with the
required exposure to these risk factors displays considerable powers to
explain momentum.

Nevertheless, risk-based explanations of momentum have these short-
comings. On the one hand, they are challenged by the contradictory evi-
dence (e.g., Griffin et al. 2003, Avramov et al. 2006a, b); on the other hand,
when examining a large number of factors, the pitfalls of overfitting bias and
data mining pose a significant threat. In effect, behavioral advocates, pro-
posing markedly different explanations, seem to be winning the argument.

Behavioral explanations point to a series of psychological biases and
frictions that affect the market price and lead a market trend to substitute
an immediate price correction in reaction to the new information. To bet-
ter explain this concept, let’s take a look at the example depicted in
Fig. 2.1.1°

Let us imagine the unexpected positive news: a company has just
acquired its competitor at an advantageous price or a quarterly report
exceeding the analysts’ revenue and earnings estimates. How would the

19This example is inspired by Hurst et al. (2013).
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3. The trend continues
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Fig. 2.1 Life-cycle of a trend (Source: Own elaboration)

market react in the ideally “efficient” world? Stock market investors should
immediately recalculate the value of the company and start trading at a
new level. The news would affect both buyers and sellers. No one would
be willing to sell the stocks at the previous price, as the firm’s value has
increased—the sellers would fix their offer prices at a new higher level,
with no intention to sell cheaper. For the same reason, the buyers will also
accept the higher price knowing that the company is now more valuable,
and not wanting to be outbid. In other words, the price of a stock would
immediately adjust to the new information, subsequently remaining rela-
tively stable, waiting patiently for the arrival of the next new piece of infor-
mation, whether positive or negative.

In the real world, however, the picture is likely to be different. Human
investors, who are affected by a number of behavioral biases, may assess
the situation differently. First, investors have a tendency to underreact to
newly arrived information. Thus, instead of the instant price increase, we
are more likely to see a trend-like price movement. The underreaction
phenomenon in the equity, and in general financial markets, stems from
the following two crucial tendencies.

Anchoring The term “anchoring” describes a psychological bias in which
stock market investors (as well all individuals) persistently stick to one
initial value or arbitrary point of reference. A great example of this phe-
nomenon was demonstrated by Kahneman and Tversky in their research
article published in 1974. In their experiment, both authors spun a wheel
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containing numbers from 1 to 100, and, subsequently, asked the experi-
ment participants to estimate the percentage of African countries in the
United Nations. Unsurprisingly, few participants knew the correct answer.
Interestingly, however, their guesses strangely correlated with the random
numbers prompted by the wheel. For instance, if the wheel indicated 10,
the average estimate given by the participants amounted to 25%. However,
if the number on the wheel was 60, the mean estimate astonishingly rose
to 45%. The subjects of this experiment unconsciously “anchored” their
answer to a random number, even if it in no way related to the question.

Importantly, the anchoring bias is not only an experimental curiosity. It
exerts a real impact on various investment decisions in financial markets.
An excellent example was provided by Northcraft and Neale (1987) who
asked real estate agents to estimate the value a certain property. All the
participants were given exactly the same information with only a single
exception: the listing price was different ranging from $119,900 to
$149.900. While the estate agents denied their valuations would be influ-
enced by the listing price, the outcomes evidently were. In the cases where
the listing price was $119,900, the mean appraisal value equaled $116,833;
while with the higher listing price of $149,900, the average appraisal value
surged to $144,454.

Importantly for the equity investors, the anchoring effect reaches
beyond the real estate. If stock market investors adhere to a past price
without any reasonable justification, in consequence, the price is likely to
underreact to any new information.!!

Disposition Effect The disposition effect is another phenomenon which is
very likely to facilitate the momentum pattern. While the fundamental
advice for every stock market trader applying trend-following techniques
is to “cut your losses and let your profits run”, the majority of investors
find it hard to follow. In reality, they tend to sell appreciating stocks too
early and stick on to the losers for too long, as they prefer cashing in gains
rather than owning up to losses.

! For further discussion on the anchoring effect and its implications for underreaction, see
also Slovic and Lichtenstein (1971), Watson and Buede (1987), Reidpath and Diamond
(1995), and Barberis et al. (1998).



THE TREND IS YOUR FRIEND: MOMENTUM INVESTING 31

This so-called disposition effect is one the most extensively examined
and described phenomenon in behavioral finance. Let’s examine a few
examples. In 1998, a famous study by Odean investigated trades from
10,000 accounts of US discount brokers in the 1987-1993 period. In
particular, the research analyzed the investors’ behavior patterns following
appreciations and depreciations of stocks in their portfolios. As observed,
the investors were roughly 50% more likely to sell the stocks after their
prices increased in comparison to price decreases. Importantly, the dispo-
sition effect is not only the problem of individual investors; it impacts all
types of stock market participants households (Barber and Odean 2000,
2004) and professional futures traders (Locke and Mann 2005) as it does
for many types of securities, including treasury futures (Heisler 1994 ) and
mutual funds (Calvet et al. 1992; Ivkovic and Weisbenner 2009). In fact,
the differences in the magnitude of the disposition effect between indi-
vidual and professional investors are surprisingly small.

The disposition effect may add in two ways to the initial underpricing
and, in consequence, to the emergence of the trend in the market. First,
the investors who sell too early after the gains may create a downward
price pressure, slowing down the price adjusting to the new information.
Second, the late-sellers following losses may keep prices from falling as
rapidly as they should have in order to reflect the new information instantly
in the prices (Hurst et al. 2013).12

These two behavioral effects—the disposition effect and anchoring—
are the most likely contributors to the initial underreaction in the develop-
ment of the trend. However, once the trend is in motion, some other
behavioral biases step in to contribute to its continuation and the subse-
quent overreaction. These phenomena are herding, feedback trading, con-
firmation bias, and representativeness (Hurst et al. 2013).

Herding The herding behavior could be described as a tendency of indi-
viduals to mimic the actions of a larger group even if individually the per-
son would take a different decision (Bikhchandani et al. 1992).
Academicians indicate two basic reasons for herding. On the one hand, it
is driven by the social pressure of conformity. On the other hand, it is the

2For further essential references for the disposition effect, see Shefrin and Statman
(1985), Weber and Camerer (1998), Frazzini (2006), and Barberis and Xiong (2009).
Moreover, an interesting survey of theory and evidence is provided by Kaustia (2010).
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belief upheld by most people that a large group cannot be wrong. How
often do we evaluate our actions by checking what other people are doing?
In financial markets, the herd behavior may manifest in a special way: by
pushing investors to buy the same assets and thus reinforcing the trend.
Interestingly, herding was found not only among individual investors but
also among professionals preparing investment newsletters (Graham
1999) or stock recommendations (Welch 2000).

Feedback Trading The psychological phenomenon of feedback trading is
in a way closely related to herding. The concept of feedback trading refers
to a tendency in investors’ behavior when a positive result, as for instance
a successful trade, boosts the investor’s confidence to pursue the same
behavior in the future. If we have bought stocks and earned a decent
profit, then we should continue buying the same shares, right? A conse-
quence of this way of thinking may be simple: investors are prone to pur-
chasing the stocks that are rising and selling the stocks that are falling.
Such a cycle of positive feedback may considerably strengthen the trend in
the market.'?

Confirmation Bins and Representativeness These two effects, especially
when taken together, might form another important contributor to the
trend development. Frequently, when a stock investor investigates a com-
pany, they frequently have a preconceived opinion which they then use to
filter the incoming new information: paying particular attention to the
news supporting their opinion and simultaneously rationalizing, or simply
ignoring, the contradictory information. In consequence, investors usu-
ally tend to focus on information that confirms their initial opinion about
a business, rather any evidence to the contrary. The result? The perception
of the company in the investor’s eyes might be markedly leaning toward
their initial preconception.!*

13There are many theoretical models of feedback trading, developed by, for example,
Shiller (1984), de Long et al. (1990a, b), Cutler et al. (1990), Hong and Stein (1999), and
Shleifer (2000). Empirical evidence on this phenomenon could be found in Shiller (1988),
de Long et al. (1990b), De Bondt (1993), Nosfinger and Sias (1999), and Bange (2000).

14 Key studies regarding the confirmation bias include Lord et al. (1979), Forsythe et al.
(1992), Pouget and Villeneuve (2012), and Bowden (2015). Moreover, further references
regarding this phenomenon are in Rabin and Schrag (1999) and Pouget and Villeneuve
(2008).
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There is plenty of scientific evidence that stock market investors are
influenced by the confirmation bias (Wason 1960; Tversky and Kahneman
1974) and that this phenomenon is further amplified by the effect of rep-
resentativeness, a heuristic generating a broad array of biases. One of
them—*“base rate neglect’—has been skillfully encapsulated by Tversky
and Kahneman (1974) in the following description of Linda:

Linda is 31 years old, single, outspoken, and very bright. She majored in
philosophy. As a student, she was deeply concerned with issues of discrimi-
nation and social justice, and also participated in anti-nuclear demonstra-
tions. (Tversky and Kahneman 1974)

So how did the majority of participants responded to the question
about the probability of “Linda being a bank teller” versus “Linda being a
bank teller and active in the feminist movement”? Naturally, most people
opted for the latter statement. In fact, the latter statement is clearly less
probable since the population of bank tellers who simultaneously are femi-
nist activist is clearly smaller than the broader population of bank tellers,
in general.

Another manifestation of the representativeness heuristic is called “size
neglect” stemming from the observation that people often fail to account
properly for a size of the sample when attempting to assess the probability
of a future event. The so-called hot hand phenomenon may serve as an
excellent example. Sports fans sometimes believe that a basketball player
who has made three shots in a row is on a hot streak and, therefore, is
likely to score again. Despite the popular belief, there is literally no aca-
demic evidence to support the hot hand effect (Gilovich et al. 1985). The
size neglect may equally affect the equity market. The stock market inves-
tors may be led to see a trend where it does not exists. Three or four con-
secutive price increases in a row may be sufficient to create an impression
of a trend in the minds of trend-seeking investors while, in fact, these
could be only three consecutive random price increases.'®

To sum up, the market participants tend to look for information that
confirms their current beliefs, and the past price appreciation may be

1> The representativeness heuristic was initially discussed in a series of papers authored by
Kahneman and Tversky (Kahneman and Tversky 1972; Tversky and Kahneman 1971, 1974,
1982). The impact on stock market investors, which eventually leads to overreaction, was
documented in the papers of Kaestner (2006), Frieder (2008), Alwathainani (2012), and
Boussaidi (2013).
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perceived as the representative of the future price movements. In conse-
quence, investors may be eager to pour more funds into financial assets,
for example, stocks, that had risen in prices, while at the same time with-
drawing cash from firms whose stock price has just fallen. Both actions are
likely to reinforce the trend in prices, leading eventually to overvaluation
(Daniel et al. 1998; Barberis et al. 1998).

Finally, in the case of an upward trend, all the above biases may lead to
overvaluation, strengthening the trend for a limited time. The overvalued
stock will most likely eventually revert to its intrinsic value in a pattern
called “long-run reversal”, which leads to systematical poor returns of the
firms that performed very well in the past few years.!¢

The biases and heuristics presented above encapsulate the behavioral
explanation of the momentum effect, which, along the risk-based explana-
tion, is perhaps the most broadly acknowledged. While the tensions
between the risk-based and behavioral explanations dominate the current
academic discussion, we do also have completely new approaches to
explain momentum often referring to completely unrelated phenomena. A
separate array of models concentrates on the market microstructure, for
example, the order flow (Osler 2000). The take-profit and stop-loss orders
placed by investors tend to concentrate in very specific market areas:
around the market tops and bottoms or round price numbers. Hence,
their simultaneous activation may lead to either a sharp rise or significant
decline in prices, becoming a self-fulfilling prophecy of the momentum
effect in the market. This type of price fluctuations may justify the profit-
ability of, for instance, short-term break-out systems.

Further, some researchers indicate that various financial or non-financial
institutions may contribute to the trend formation. Silber (1994) partly
blames central banks—important FX market players—whose pursuit of
their individual goals may sometimes hinder an immediate and full dis-
counting of the fundamental information on the currency markets, lead-
ing to the formation of trend. A central bank may strive to weaken the
currency to boost the economy, while the fundamental intrinsic value
would suggest the currency to be much stronger. If the central bank does
engage in excessive money printing, the currency will most likely strengthen
in the end, but the upward move will be alleviated by the central bank

'¢Evidence of the long-run underperformance is documented by, among others, De Bondt
and Thaler (1985), Moskowitz et al. (2012), and Asness et al. (2013). We will also discuss
this effect more in detail in further sections of this book.
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actions, turning it into an appreciation trend. Furthermore, Garleanu and
Pedersen (2007) see a source of the trend formation in risk management
practices of some financial institutions, including banks, insurance compa-
nies, or investment funds which usually employ backward-looking risk
measures, calculated based on historical data from a trailing period. In
consequence, if there is a sharp decline in stock prices, the rising levels of
risk indicators may force the financial institutions to sell some of its securi-
ties in the portfolios. This massive fire-sale may subsequently lead to fur-
ther price decreases.

While there are other hypothesis theories, for example, the chaos the-
ory (Clyde and Osler 1997), they seem much less discussed.

Although the discussion on the explanation of the momentum phe-
nomenon still continues, the scientific community is now light years away
from the time when the EMH dominated the minds of academicians and
market practitioners. Today, momentum is not only empirically well docu-
mented, but it is being attempted to be fully explained. It appears to be a
healthy and reliable return pattern grounded on solid foundations, in both
theoretical and empirical terms.

IMPROVING THE MOMENTUM

So far our discussion has concentrated on the basic relative momentum
strategies where the investor sorts the stocks on their trailing past returns.
As usual, however, the devil is in the details, and even the basic momen-
tum strategy could be approached in a multiple ways impacting the final
performance. Especially as the recent research on momentum has signifi-
cantly gained in sophistication with the researchers constantly seeking for
better, improved, and more precise momentum measures that would lead
to better risk-return profiles. Let us then review some of the popular
momentum-based techniques.

Classical Momentum The standard momentum strategy could be traced
back to the seminal paper of Jegadeesh and Titman (1993) who employed
specific “contingency” tables together with a range of sorting and holding
periods for their portfolios. The researchers observed that the stocks that
performed well over the past 6-12 months continued to outperform in
the next 3-12 months. In other words, the optimal ranking period ranged
between 6 and 12 months. Still, which exact ranking period is the best?
The last two decades of further research has built a consensus among the
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momentum researchers agreeing on the most common approach of sort-
ing stocks on their 12-month performance skipping the most recent
month (cumulative or mean return in months #—12 to ¢z-2). What are the
reasons for that peculiar sorting period? There are at least three separate
ones. First, stock prices tend to exhibit a short-term reversal effect, that is,
when the price changes in the most recent period (e.g., a month) tend to
revert partly in the following month (Lehmann 1990; Jegadeesh 1990;
Daetal. 2014). Skipping this last month in the momentum measurement
allows disentangling the momentum effect. Second, the momentum prof-
itability depends to some extent on the sorting period which for some
periods is stronger than for others. Historically, the 12-month ranking
period has proven particularly efficient. The third reason concerns the sea-
sonal anomalies in the stock market, which may affect equity prices.
Specifically, it is related to one particular anomaly: the January effect. The
January effect is a calendar month anomaly implying that small-
capitalization companies tend to deliver particularly high returns in the
first year of the month (Keim 1983a, b). The January effect is one the
most intensively discussed and examined phenomena in asset pricing.
Usually, it is explained by the behavior of individual investors, who—on
the one hand—are tax sensitive and—on the other hand—hold a lot of
small stocks in their portfolios, at least compared to the institutional inves-
tors. Such investors are prone to selling stocks for tax reasons at the year-
end, reinvesting the proceeds in January.!” So why might the January
effect be important for the momentum measurement? If the sorting period
is shorter than the full calendar year, the resulting selection of stocks will
be a consequence of the specific calendar months included in the ranking
period. If this period includes January, then small firms are very likely to
be overweighted as performing particularly well in this period. Analogously,
in the other months the stock selection would lean toward large compa-
nies. In fact, this cross-sectional seasonality could be extended also to
other groups of stocks, for example, value or quality stocks. A simple way
to overcome this problem is to base the ranking on a period close approxi-
mating a full calendar year.

Improving the Momentum Measurement Methods As momentum is now a
broadly recognized and well-documented phenomenon, no longer do
academicians seem to discuss whether the momentum exists, but rather

7The link between the size premium and the January effect was discussed by, for example,
Easterday et al. (2009), Haug and Hirschey (2006), or Zhang and Jacobsen (2012).
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why it exists and how to improve the momentum strategies. Let us now
focus on the latter aspect. The recent decade has brought a cornucopia of
ideas how to improve the momentum performance, in respect of both risk
and return. Albeit some resemble only optimization exercises, some may
serve as valuable tools for momentum investors.

Echo, or the intermediate momentum, is one of the ideas to enhance
the momentum profitability by optimizing the measurement period and
stepping away from the broadly acknowledged “12-month trailing with
the most recent month skipped”. An interesting initiative was undertaken
by Robert Novy-Marx who in 2012 wrote his paper provocatively entitled
“Is Momentum Really Momentum?” According to his research, the clas-
sical momentum effect is driven primarily by firm’s performance 7 to 12
months prior the portfolio formation and not by a tendency of rising and
falling stocks to keep rising and falling. Novy-Marx showed that the strate-
gies based on the most recent performance would still generate positive
returns, yet less profitable than those based on the intermediate past sort-
ing periods. Thus, the phenomenon is not really momentum, but rather
an echo in return reoccurring after six months! Interestingly, Novy-Marx
(2012) found this phenomenon very robust, holding true in international
equity indices, currencies, and commodities, and his research was pub-
lished in the Journal of Financial Economics, one of the most reputable
academic journals in finance.

This, however, is hardly the end of the story. Some further controversy
was added by Amit Goyal and Sunil Wahal (2015) in their paper entitled
“Is Momentum an Echo?”, aimed at reexamining the Novy-Marx’s
approach. Casting doubt on the “echo effect”, the authors pointed to its
poor theoretical motivation stating that “it is hard to imagine a story that
could generate such an effect on prices; even the age-old “relative strength”
trading strategies of Wall-Street lore have nothing to say about such an
effect. For financial economists, the challenge to theory is enormous. No
existing theory, whether behavioral or rational, predicts an echo in returns.”

Even more importantly, Goyal and Wahal identified another hole in the
“intermediate momentum”. Having conducted an extensive out-of-
sample test in search for the same echo effect across 37 countries, including
both developed and emerging markets, in the period 1980-2010, the
researchers found almost nothing. With the sole exception of Japan and
the USA, nowhere else did they find any convincing evidence of the echo
effect concluding that the profitability of the classical and intermediate
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momentum effects is indistinguishable anywhere else outside the US mar-
ket. Furthermore, a closer investigation of the full term structure of
returns within the American market shows that the superior performance
of strategies based on the “echo” effect is driven by the presence of rever-
sal (or at least no continuation) from the month prior the most recent
month (month —2 of the month of the returns). “The true puzzle is not
why intermediate horizon returns forecast future returns better than
recent horizon returns, but why return reversals from month —1 also
extend (somewhat) to month —2,” they concluded.

Summing up, the evidence for the superior performance of the inter-
mediate momentum over the classical momentum still remains doubtful.
It seems that the classical momentum based on the lagged 11 months will
remain the dominant concept, at least for some time into the future.

Adjustment of Momentum Signals for Volatility Another drawback of the
momentum effect is that it tends to gravitate strongly toward volatile
stocks. Simply put, these assets are more likely to exhibit extreme positive
or negative returns and, in consequence, to be picked up in the momen-
tum selection. Let’s consider two groups of stocks of large and small busi-
nesses. Small companies are usually much more volatile, more often
yielding either very high or very low returns. There are a number of dif-
ferent reasons for that: first, a less stable financial situation more vulnera-
ble to the swings in economy, and second, usually less liquid stocks whose
price may rapidly rise or fall in reaction to the demand or supply pressure.
Momentum portfolios are usually formed by sorting stocks on their his-
torical returns and then forming the long and short portfolios of equities
with the highest and lowest payofts. Such portfolios are then quite likely
to be overpopulated by volatile stocks. Importantly, this is also the case for
other asset classes. In bonds, for instance, the classical long-momentum
portfolio might be dominated by high-duration bonds during bull mar-
kets (under falling interest rates) and low-duration bonds during bear
markets (when interest rates are rising).

This effect of the volatility on the momentum strategy might be detri-
mental in two ways. First, the portfolios overpopulated with volatile stock
might simply become exceedingly volatile. In other ways, if we find a way
to alleviate this problem, it would most likely reduce the risk of the
momentum strategies. Second, the long-run volatility of stocks in the
momentum portfolios might impact their profitability. As there is plenty
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of evidence that volatile stocks tend to underperform safe stocks (Blitz and
van Vliet 2007), this phenomenon may also impede the momentum prof-
its. Although we discuss this phenomenon in a separate chapter showing
how to profit from it, in this case, it is clearly a burden.

One way to overcome it would be to scale the momentum signal by
their volatility. In other words, not to sort the stocks on their past returns,
but rather to divide the past cumulative returns by their standard devia-
tion. This simple tweak allows to deal with the volatility issues improving
on the performance of the momentum strategy (Ilmanen 2011; Shaik
2011; Dudler et al. 2015; Clare et al. 2016). Here, the sorting period also
approximates 12 months, analogously to the classical momentum, so the
return predictive signal for sorting stocks (AD] — MOMp.ay), for stock i,
in month # may look as follows:

R, 112
ADJ -MOM,,, . = : , 2.2)

RAW it )
\/ ijz (Ri,t _Ri) /12

where R, is the mean monthly log-return from z—12 to #—1. Importantly,
this way of improving the momentum efficiency, with some slight modifi-
cations, has been also successfully applied to corporate and government
bonds, as a way of alleviating the influence of duration.!®

Reducing Factor Exposure: Residual Momentum Another problem con-
cerning momentum lies in the time-varying exposure of stocks to various
risk factors. Let’s illustrate it with a simple example using the famous
capital asset pricing model (abbreviated CAPM, Sharpe 1964) and the
influence of stock market beta. The CAPM assumes that each stock can be
characterized by its “market beta”, a special parameter indicating the
asset’s risk in comparison to the broad market portfolio. Putting it simple,

8 Some bond strategies also use simpler measures to cope with the impact of influence, like
sorting the bonds on change in yields-to-maturity or on return difference with a duration-
matched benchmark bonds. A discussion and examination of bond momentum strategies
could be found in following studies: for government bonds, Luu and Yu (2012), Asness et al.
(2013), Duyvesteyn and Martens (2014 ), Hambusch etal. (2015), Zaremba and Czapkiewicz
(2017a, b), and Zaremba and Schabek (2017); and for corporate bonds, Gebhardt et al.
(2005), Pospisil and Zhang (2010), Kim et al. (2012), Jostova et al. (2013), de Carvalho
etal. (2014), Israel et al. (2016), Barth et al. (2017), van Zundert (2017), Lin et al. (2017),
and Houweling and van Zundert (2017).
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the market beta shows the ratio by which the stock should rise in a bull
market relative to the broad market portfolio, or it should fall in a down-
turn. If the stock beta is 1.5 under a positive excess return of 10%, we may
expect the stock to earn a return of approximately 15%. Conversely, when
the market falls with an excess return of —10%, the stock beta of 1.5 indi-
cates a likely fall of over 15% in the same period. We usually call the stocks
with beta above one aggressive, or cyclical, because they rise and fall more
excessively than the market portfolio over the same time. These stocks
might include, for instance, high-tech companies, luxury goods manufac-
turers, construction companies, or other businesses where demand varies
significantly over the business cycle.

On the other hand, when the beta remains below one, amounting, for
example, to 0.5, the stock will “underreact” the market swings. If the
market rises 10%, it will rise around 5%; if the market decreases 10%, it will
also drop by approximately 5%. These equities are often described as
defensive and typically include companies with a very stable demand over
the business cycle, such as the utilities, pharmaceuticals, or food
manufacturers.

So what is beta’s role in momentum? Let’s imagine a powerful bull
market. Which equities are more likely to be included in the top-
momentum portfolios: high-beta or low-beta? Naturally, high-beta: as
bearing bigger market exposure, they would be more likely to earn higher
returns. Yet again, they end up in the top-momentum portfolio not
because of some special “momentum characteristics”—but due to being
simply riskier and exhibiting larger betas.

What are the consequences of this bias? On the one hand, the momen-
tum portfolios might gravitate toward riskier (high-beta) stocks, thus,
increasing the overall systematic risk of the momentum portfolio. Second,
and more importantly, the high-beta stocks have been found to underper-
form the low-beta stocks (Frazzini and Pedersen 2014). In consequence,
the bias toward the high-beta stocks may not only increase the risk but
also impede the portfolio’s profitability.

Importantly, the inclination of high-momentum portfolios to gravitate
toward high-beta stocks is not limited to the stock market beta and could
be extended to other types of factor exposure, for instance, to value, small-
cap, or high-quality stocks. To illustrate this, let’s imagine a huge credit
crunch hitting the stock market. In panic, all the investors would rush to
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transfer their capital from the risky stocks to the high-quality securities.
Hence, afterwards the long-momentum portfolio would likely include
many high-quality firms. But again, the reason does not lie in any special
momentum-related characteristics of these stocks—as they were just lucky
enough to display a solid exposure to the well-performing factor.

Luckily, there is a standard solution to this problem: instead of calculat-
ing the momentum signals based on raw returns, replace them by the
residuals from the factor model, which are parts of returns that cannot be
explained by the factor models. The strategy follows a two-step procedure:
first, we control for some common risk factors and in the second step
compute the momentum signals on the residuals which are left unex-
plained by these risk factors.

Technically, the first step is to estimate the factor model for each of the
securities in the portfolio with the usual estimation period revolving
around five years. The most popular models include the CAPM (e.g.,
Chaves 2012) or the three-factor model of Fama and French (1993),
applied, for example, by Blitz et al. (2011).

As the two-step procedure is usually based on the 60-month estimation
period for each stock-month return observation, the investor should sim-
ply follow the following CAPM regression:

Ri,t - Rf,t =Qeppy; t ﬁMKT,iMKTr +Ecapmizo (2.3)

where MKT;, is the excess return on the market portfolio in month #, R,
is the risk-free return in month # @capy; and Pygr; are regression param-
cters, and ecapy;, is the residual (error term). The intercept @cap;
(Jensen’s alpha) measures the average abnormal return, and Sz, is the
exposure to stock market risk.

Alternatively, one can also use the Fama-French three-factor model:

Ri,r - Rf,t =0t ﬁMKT,iMKTt + ﬂSMB,iSMBt + ﬂHML,iHMLr +e (2.4)

FF.it
where SMB, and HML, are factor returns corresponding with size and
value effects in month ¢, respectively; azg;, fuxri, Psusi, and S, are the
model’s parameters; and eg;, is the residual from the model. The SMB, is
the return on a diversified long-short portfolio which is long (short) in the
small (large) countries, industries, or companies, and the HML, return is
based on long-short portfolios which are long (short) in the high (low)
book-to-market (abbreviated as BM) portfolios.
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In the second step, an investor should compute the residual momen-
tum signal based on CAPM (MOM_4py) as the mean residual during, usu-
ally, a trailing 12-month period:

MOMCAPM,i,t = Zi::z Ecapmiz /12. (2.5)

The procedure to calculate the signal based on the three-factor model
MOM;pis very similar to MOM_capy, but the investor should use the resid-
uals from the three-factor model instead of the CAPM:

MOMFF,i,r = zijz Erris /12. (2.6)

The residual momentum strategy has been extensively tested within both
the US and international markets (Blitz et al. 2011, 2017), successfully
reducing the risk of the momentum strategies by decreasing their factor
exposure.

The strategy has further evolved into two interesting propositions.
First, Grundy and Martin (2001) and Hiithn and Scholz (2017) have
offered a strategy called “alpha momentum?”, which although very similar
to the residual momentum requires the equity rankings to be based on
alphas from the factor models instead of the averaged residuals.
Mathematically, both approaches are very similar.

The second strategy proposed by Zaremba and Umutlu (2018a, b) aims
to enhance the performance of the residual momentum by addressing the
bias of residual momentum, and the raw return momentum effect, to gravi-
tate toward stocks of high idiosyncratic volatility which leads to over-
weighting high idiosyncratic volatility stocks in momentum portfolios.
This, in turn, can result not only in more volatile payofts but also in lower
profitability, as the companies characterized by high idiosyncratic volatility
tend to underperform, on a risk-adjusted basis, the companies with low
idiosyncratic volatility (Ang et al. 2006b), even though to this day the
country-level relationship between the idiosyncratic risk and expected
returns remains blurred (Umutlu 2015). In 2017, Zaremba and Umutlu
offered a solution to this problem. In an attempt to take the best of the two
worlds, volatility-adjusted momentum and residual momentum, they
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scaled the past residuals by their volatility to obtain the volatility-adjusted
residual momentum (VARMOM).

Subsequently, the researchers tested the efficiency of their international
asset allocation strategy across 51 country indices and 936 industry port-
folios both from developed and emerging markets. The VARMOM trad-
ing strategy significantly outperformed and subsumed the standard
momentum strategy, increasing the Sharpe ratios two to three times.
Importantly, at least at the country-level, the volatility-adjusted residual
momentum subsumed and explained the standard momentum. To con-
clude, most of the evidence confirms that the strategy of adjusting momen-
tum signals by volatility scaling, or controlling for the factor exposure,
may markedly improve the risk-return profile of the momentum
strategies.

Capturing Behavioral Biases There are a number of enhancements target-
ing the behavioral aspect of momentum explanations. To illustrate this
point let us examine the effect of overreaction, which according to some
psychologists becomes amplified when there is a continuous flow of posi-
tive or negative information which come in small pieces. Thus, the more
consistent the information flow, the stronger the overreaction, and, hence,
the stronger trend in the market. Trying to capture this phenomenon,
Grinblatt and Moskowitz (2004) double-sorted stocks on their prior
returns and the number of months with either positive or negative returns
in the ranking period and proved that selecting stocks that displayed a
certain level of consistency in payofts, at least five positive (or negative)
returns in the formation period, would markedly improve the momentum
performance.

Seeking for Inefficiencies According to the behavioral explanations of
momentum, momentum is a result of psychological biases that cannot be
easily arbitraged away. Hence, the momentum effect should appear the
strongest in the market segments which are relatively less informationally
efficient or, in other words, where the new information is slowly and
incorrectly reflected in the prices.

While this supposition has been indeed confirmed in a number of stud-
ies adopting different perspectives and approaches, the unanswered
question regards the method how to identify these “less efficient” market
segments. It is usually done by implementing some types of double-sorts:
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the first, based on a proxy for efficiency, and then by running a momen-
tum strategy among the less efficient stocks. So what could constitute an
“efficiency measure”? The usual candidates include:

1.

Size. Momentum is usually stronger among smaller companies with
lower institutional ownership and analysts’ coverage. As a rule, the
smaller the company, the stronger the momentum.

. Book-to-market ratio. A high book-to-market ratio may be a proxy

for credit risk, and in consequence, it may disallow, or at least dis-
couraged, such stocks for trading to many sophisticated investors as
momentum is stronger among “value” companies than among
“growth” companies.

. Mutual fund ownership. This is another proxy for the engagement

and interest of sophisticated investors as the momentum effect
appears stronger among firms experiencing large changes in mutual
fund ownership.

. Analyst coverage. As another measure related to the institutional

investors and their activities, higher analyst coverage indicates quick
dissemination and proper communication of new information to
investors, making stock market anomalies more likely to occur in the
market segments with lower analyst coverage. As a rule, the momen-
tum effect emerges usually stronger among companies with low ana-
lyst coverage.

. Age. The younger the company, the less known it is. The companies

operating in the equity market longer offer investors a longer track
record of financial statements with its corporate failures and suc-
cesses. Without the access to historical information, the markets are
more likely to be less efficient and, thus, create more opportunities
for all momentum, or any anomaly, traders.

. Credit rating. Low credit rating effectively deters many institu-

tional investors from entering certain market segments. In conse-
quence, the equities are analyzed and investigated less carefully and
mostly by individual investors which can significantly decrease the
level of efficiency. In 2007, Avramov et al. identified a strong and
robust link between momentum and credit rating, clearly docu-
menting that the momentum effect is driven almost exclusively by
low-credit-rating securities. Interestingly, this effect prevails for
both equities and corporate bonds.
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7. Idiosyncratic risk. Companies displaying high idiosyncratic risk
usually present a problem for institutional investors as their perfor-
mance may differ markedly from the benchmark. Additionally, stocks
with high idiosyncratic risk are more difficult to hedge against as
most liquid future contracts track major stock market indices. As
high idiosyncratic volatility is usually a trait of small and illiquid com-
panies, the higher the idiosyncratic volatility (or lower the R-squared
coefficient), the more pronounced the momentum profits.

All the above characteristics can help us identify the less efficient mar-
ket segments and, hence, improve the momentum profits.’ As a rule, the
more neglected the company is, the higher momentum profits may
arise.?’ Nonetheless, investors should be very cautious when implement-
ing such optimized strategies as momentum’s behavior may sometimes
prove counterintuitive: for instance, Lee and Swaminathan (2000) found
stronger momentum among liquid companies, that is, firms with a high
turnover ratio.

TIMING THE MOMENTUM

Although the momentum profits vary over time, with intertwining periods
of success and disappointment, they tend to generate profits. For instance,
between the end of World War II and the year 2008, the simple momen-
tum strategy of going long in the 10% of previous year’s winners and
shorting the 10% of the previous year’s looser delivered an annualized
return of 16.5% with a notably low volatility. Nonetheless, there have been
periods of utter failure, as observed by Victor Niederhoffer, a famous
quantitative trader, it resembled “collecting nickels and dimes in front of
a steamroller”; which pointed to earning profit on most days only to suffer
disastrous losses in a collapse of the market.*!

YXey references include, for size, Jegadeesh and Titman (1993), Hong et al. (2000),
Zhang (20006); for age, Zhang (20006); for book-to-market ratio, Asness (1997), Daniel and
Titman (1999), Sagi and Seasholes (2007); for credit rating, Avramov et al. (2007); for
analysts coverage, Hong et al. (2000); for idiosyncratic risk, Zhang (2006), Jiang et al.
(2005), analyst forecast dispersion (Zhang 2006), R2 (Hou et al. 2006); for mutual fund
ownership, Chen et al. (2002).

20Da et al. (2014) argue that it is not only important how the information is processed by
the market but also how it is feed thereto, as momentum tends to be stronger among the
companies with information arriving in small amounts.

21See Stockopedia (2012).
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This has been thoroughly researched by Kent Daniel who in his study
“Momentum Crashes” identified several such momentum calamities over
the last 100 years.?? A perfect example could be the period between March
and May 2009. In three months, the winner portfolio rose by a modest
6.5% while the loser portfolio increased by 156%, delivering a huge blow
for the entire long-short portfolio. This “momentum crash” wiped out all
of the momentum profits generated for over a decade.

As a rule of thumb, the momentum strategy works best when the trend
is stable and consistent and delivers low returns or even losses when the
trend abruptly changes. Yet we can still delve into more sophisticated
strategies to time the momentum strategies.

Calendar Effects Momentum seasonality patterns, as already identified by
some previous studies, Haug and Hirschey (20006) and Ji et al. (2017), in
particular, indicate that the momentum strategy tends to deliver disap-
pointing returns in January. The results seem convincing, especially given
the extent of the data. For instance, Haug and Hirschey (2006) investi-
gated over two centuries of stock returns, spanning from 1802 to 2014,
proving the momentum strategy to underperform in January. Having
extended the examination to country equity indices, Zaremba (2015c¢)
identified a similar pattern, while Sias (2007) furthered the investigations
to show that the seasonal regularities in momentum payoffs do not limit
to January. In fact, the momentum profits tend to concentrate in the last
months of the year, particularly in December, and turn out the most disas-
trous in January.

What could be the source of the January effect in the momentum
returns? There are at least two potential explanations. The first hypothesis
points to the tax-motivated trading. At the end of a year, investors are more
likely to contemplate saving money by avoiding paying taxes. The last thing
on their mind at the year-end is to record a big capital gain. Realized losses,
on the other hand, can be used to offset gains on other trades. These two
mechanisms are likely to facilitate momentum profits as sticking to the win-
ners and selling the losers is the essence of momentum trading.

The second explanation refers to “window dressing”. This term is usu-
ally used to describe a behavior of some institutional investors or profes-
sional money managers to cater for less sophisticated clients. Having

22See also Grobys (2016).
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originated from the retail industry, the term described a practice of arrang-
ing window stores to make them more appealing to potential customers.
In the investment industry, however, the practice rather than windows
involves financial statements.

In most countries, money managers are obliged to report their portfo-
lio holdings on a quarterly or annual basis. As a client, what type of stocks
would you prefer to see there? The well-performing equities that excelled
over the last years? Or maybe the market laggards, perhaps even teetering
on the verge of bankruptcy? As everyone likes owning the shiny, well-
performing securities, some money managers simply cater for these needs,
buying the well-performing stocks at the year (or quarter) end, and selling
the bad performers. They will most likely unwind these trades; this, how-
ever, will never surface in the statement. This can additionally amplify the
momentum profits at the year-end, significantly influencing the profitabil-
ity of the trend-following strategies.

Bull and Bear Markets Some researchers, including Daniel et al. (1998)
and Hong and Stein (1999), point to cognitive biases as prominent
momentum drivers. They assume that investors’ overconfidence, jointly
with the self-attribution bias, lead to overreaction which in turn drives
momentum returns. Following these arguments, Cooper et al. (2004)
have concluded that momentum should increase following bull markets
and weaken following bear markets as the overconfidence should surge in
response to market increases strengthening the overreactions and thus
generating greater momentum in the short run. The researchers have
examined the theory testing directly the momentum profitability follow-
ing bull and bear markets. Having studied the US stocks from 1929 to
1995, they found the six-month momentum strategy would generate a
significant mean monthly profit of 0.93% in the periods following bull
markets, and an insignificant loss of —0.37% following the bear markets. In
other words, all the payoffs from the momentum strategy appear to be
only generated in the post-bull market period, while in the post-bear mar-
ket period it is best to adopt another strategy.

Liquidity and Volatility Another predictors of momentum profits are vola-
tility and liquidity. While Avramov et al. (2016b) have proved momentum
profits to be significantly lower following periods of illiquid market states,
Wang and Xu (2015) documented that elevated market volatility impedes
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momentum. Combining these observations, Jacobs (2015) investigated
the effect of an aggregate measure of market-wide limits on arbitrage on
expected momentum profits to conclude that periods of high limits on
arbitrage might be harmful to the momentum strategy. Thus, when follow-
ing the momentum approach any volatility peaks or abrupt liquidity drops
may signal the high time to switch to alternative investment techniques.

Investor Sentiment As according to the behavioral finance, market anoma-
lies are driven by investor irrationality that cannot be quickly arbitraged
away, besides the limits on arbitrage, the biggest factor is investor senti-
ment. Thus the momentum strategy should overperform in periods of
high investor sentiment and record lower profits in the times of low inves-
tor sentiment. This expectation has been both tested and confirmed by
Stambaugh et al. (2012) on the US market, which proves investors’ senti-
ment to be a valuable predictor.

Combining Momentum with Other Signals To outperform the classic
momentum strategy, we will need a momentum strategy enhanced by
equally effective strategies which would well synergies with momentum.
Fortunately, finance literature gives us hints on how to combine momen-
tum with other profitable ranking technique.

Long-Run Reversal The behavioral explanation of momentum draws
upon the underreaction and overreaction cycle. Following this idea, to
find the top-performing assets we would apply the momentum strategy to
the assets already undervalued as a result of a prolonged overreaction to
bad news. In this case, the standard momentum signal may be regarded a
catalyst signaling the end of the bad times and the stock to revert to its
intrinsic value. Analogously, to find stocks to short, we would focus on the
overvalued assets and use the abrupt downward move as a signal of the
trend change. Thus, long-run reversal and momentum can be effectively
combined, which was proved by Balvers and Wu (2006) who developed
an integrated model of reversal and momentum documenting both theo-
retically and empirically the huge potential in combining the two
strategies.

Value Investing The value investing effect is closely related to the long-
run reversal strategy, and its payoffs display strong correlations with
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long-run reversal. Once Asness et al. (2013) found that value and
momentum were, in fact, negatively correlated with each other, it
became possible to combine them with signals to perform well in virtu-
ally any possible asset class, including stocks, corporate and government
bonds, commodities, currencices, and equity indices.??

Skewness Motivated by the earlier research suggesting that the time-series of
momentum returns is negatively skewed (Daniel and Moskowitz 2013;
Barroso and Santa-Clara 2015), Jacobs et al. (2016) examined the link
between the expected skewness of individual stock returns and their momen-
tum. The researchers hypothesized that the outperformance of winners is
partly driven by negative skewness whereas the poor performance of losers in
part derives from their positive skewness. If losers are on average more posi-
tively skewed than winners, then the resulting winners-losers momentum
portfolio will be negatively skewed. Following that reasoning, Jacobs et al.
(2016) assumed that in the cross-section of stocks the average profitability of
long-short momentum returns would increase in line with the difference in
the level of skewness of the long and short leg of the portfolio. In conse-
quence, the momentum technique could be greatly enhanced by skewness.
Having investigated data from the US stock market for almost 80 years, the
researchers provided convincing evidence to prove this conjecture: skewness-
enhanced momentum delivers approximately two times higher returns than
standard momentum. So to make your momentum strategy more profitable,
when building portfolio, overweight stocks with the left-skewed return dis-
tributions, and underweight the right-skewed ones.

ALTERNATIVE TREND-FOLLOWING SIGNALS

While so far we have discussed only the classical momentum strategy,
which relies on ranking stocks on their past performance, either raw or
modified, the finance literature offers us a wealth of other momentum-
related strategies which differ, in particular, in the calculation and imple-
mentation methods, keeping, however, the same underlying philosophy:
the trend is you friend, so stick to the winners.

Break-Out Strategies Break-out strategies belong to the oldest type of trend-
following techniques based on a simple observation of the market. Whenever

23For momentum in equity indices, see also Zaremba (2016, 2017c¢).
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the prices exceeded a long-term peak, it would signal the likelihood of the
upward trend to continue. On the other hand, when the prices dropped
below the long-run minimum, it would suggest that the price decline will go
on. Although the fundamental challenge embedded in this type of strategies
is their largely subjective character, academic researchers have ventured to
translate these “opinions” into numbers and subject them to a rigid quantita-
tive trading system. In 2004 George and Hwang sorted stocks on their dis-
tance to the 52-weck high or the maximum price over trailing 52 weeks and
found that the stocks approaching their 52-week high would vividly outper-
form. The effect was later confirmed by Liu et al. (2011), who replicated this
approach in international markets to find this strategy producing profits in 18
of the 20 markets studied, with significant profits in 10 markets. However, as
a high turnover strategy, there is a threat that the abnormal returns will no
longer remain significant after accounting for transaction costs.

Interestingly, the profits in the 52-week high momentum technique are
independent of the classical momentum effect. In other words, these two
strategies, although seemingly fairly similar, may actually stem from a dif-
ferent underlying economic mechanism. In practice, therefore, both strat-
egies can be efficiently combined to improve the momentum performance.
As found by George and Hwang, when double-sorting on momentum
and the distance to 52-week high, the momentum performance markedly
improved, which was later examined and confirmed in many other inter-
national markets.?*

Finally, the 52-week high strategy has been improved on in an analo-
gous way as the standard momentum. For instance, Chen and Yang (2016)
showed that the 52-weck high displayed an echo effect, just like the
momentum phenomenon. In other words, increasing the skip period
between the date of portfolio formation and the date of portfolio purchase
by 3-6 months markedly improved performance in nearly all the cases.
Summing up, the 52-week high seems to be an intriguing variation of the
momentum strategy which still deserves further investigation.

2*Some alternative return-based improvements of the momentum strategy may include
focusing on firms showing more extreme returns in the formation period (Bandarchuk and
Hilscher 2013) or more consistent returns in the formation period (Grinblatt and Moskowitz
2004). Further investigations of the interactions of the 52-week high effect and momentum
could be found in, for example, Bhootra and Hur (2013), Hao et al. (2016), and Lee and
Piqueira (2017).
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Time-Series Momentum Time-series momentum, also called absolute
momentum, is another category of momentum strategies which has been
attracting particular interest in recent years, sparked mostly by the ground-
breaking study of Moskowitz et al. (2012) entitled “Time Series
Momentum”. Contrary to relative momentum, time-series momentum
measures directly the price change relative to its past values, largely ignor-
ing the performance of other assets. In practice, the indicators used for
relative momentum may vary. For example, Moskowitz et al. (2012)
examined rules that generated a buy signal when the price outperformed
its historical record of, for instance, 200 days. On the other hand,
Antonacci (2013, 2015) verified whether the excess return in the past
period was either positive or negative, hinging all trading rules upon this
one observation. In their construction, all time-serics momentum strate-
gies closely correspond to various technical analysis tools based on a simi-
lar underlying intuition. For example, the strategies formed upon moving
averages can be considered a strain of time-series momentum techniques,
as these two approaches are both empirically and theoretically closely
intertwined. In fact, as argued by Levine and Pedersen (2016), they are
their equivalent representations in their most general forms capturing also
many other types of technical indicators.

Although both types of momentum strategies follow similar underlying
economic intuition, their behavior is far from identical. In practice, to
improve the risk-return profile they could be applied simultaneously
(Antonacci 2015).2°

Regardless how we measure the time-series momentum, it is a powerful
return pattern that has been documented across a broad array of equity
markets and asset classes, including indices, currencies, commodities, and
bond futures.?¢

Moving Averages The technical trading strategies based on moving aver-
ages are one of the oldest tools in technical analysis. The underlying con-
cept is fairly similar to the idea of time-series momentum: the current
price is compared to its historical values to derive the return predictive
signal. The only difference lies in the definition of the “historical price”.

% The time-series momentum could be also improved by applying some ideas similar to the
traditional momentum, like volatility scaling (Dudler et al. 2014; Kim et al. 2016).

26For evidence, see, for example, Baltas and Kosowski (2012a, b), Cheema et al. (2017).
Georgopoulou and Wang (2016), Goyal and Jegadeesh (2017), Hurst et al. (2017), Maymin
etal. (2014), and Zhou and Zhu (2013).
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In standard momentum, we compare the current price with some value
from a specific point in time in the past, for instance, a year ago. In the
moving-average approach, we compare the price with the average price
value over a period of time, for instance, the previous year. In the simplest
terms, moving (or trailing) average price is calculated as a simple arithme-
tic average following this formula (2.7) (Lhabitant 2008):

1 k

MA,, = Nt—kgw—l o 2.7
whereby N represents the number of periods used for the calculation of a
moving average; k is the relative position of the current period in the total
number of the analyzed periods; and P;, is the price of the security 7 at the
time #. The average is unweighted, so any historical price occurring in recent
periods will have equal importance in the calculation. Historically, equity
investors used to draw a line in a chart representing an average smoothed
price of historical time series. The example is presented in Fig. 2.2.

These types of strategies have gained significant popularity among tech-
nical traders, as the averages are well defined in statistics, generally
understandable and easily implementable for testing transactional systems.
As the moving average may be based on periods of different lengths, such
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Fig. 2.2 Moving average—an example
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as days, minutes, or individual ticks, we may have, for example, a 20-day
moving average. In calculation of the average value the “eldest” price,
elder than 21 sessions, will be dropped each day and a newer price, from
the last session, will be added. The moving average has the advantage of
smoothing the market time series. When the market is characterized by a
general upward trend but occasionally distorted by lower prices, the mov-
ing average would “silence” the noise and allow the technical analyst to
recognize the current trend.

As mentioned earlier, the moving average does not anticipate changes
in the market but, as a result of analyzing historical quotations, becomes a
lagging indicator, systematically following the market price. This effect
becomes visible when overlaying the prices graphs of a given security with
the moving average.

Moving average effectively “catches” the trend smoothing at the same
time the quotations. In the growing market, the moving average stays
below the current quotations due to a lagging mechanism embedded into
the average, making the average show the “old” trend. Conversely, in a
declining market, the average will stay above the market prices. This rela-
tionship creates one of the most common signals to buy or sell in technical
analysis. If the intersection of the average represents the trend change, the
rule reads as follows: buy when the market price crosses the moving aver-
age from below, and sell when the market price crosses the moving average
from above. Figure 2.3 presents the buy-and-sell signals on a sample chart.
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Fig. 2.3 Sample buy-and-sell signals based on moving average
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Moving averages can be calculated based on periods of various lengths
which considerably impact both the behavior and generation method of
trading signals. When based on short periods, moving averages follow the
market more closely and although allowing a faster trend identification,
they also generate more buy-and-sell signals, largely false, which would also
entail higher transaction costs. This can be particularly troublesome during
side trends when there is no upward or downward trend in the market. On
the other hand, long-term moving averages synthesize more historical
prices, which makes them less responsive to current prices fluctuations
(Fig. 2.4). As a result, these averages generate fewer false signals, but they
can lead to missed investment opportunities. Figure 2.4 shows averages of
sample quotations following 20, 40, 60, 80, and 100 sessions.

Unfortunately, there is no definitive answer resolving which moving
average we should use. However, market practice shows that main long-
term trends are well illustrated by a 40-week (200-session) average,
medium-term trends by a 40-session average and short-term movements
by a 20-session or a shorter average (Lhabitant 2008). The length of the
moving average does also depend on the nature of the market, its variabil-
ity, existing cycles, and so on. Other considerations include, for example,
which prices (closing, average, maximum, minimum, opening, etc.) the
system should be based on or what threshold must be exceeded above
(below) the average to generate a buy (sell) signal. Although the most basic
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principles for the transactional systems are relatively simple, one should be
aware of the details and the long calibration time needed to adjust the rules
to the specifics of individual markets, so that, at a later time, the system
could operate seamlessly, without any interference of the author.

Classical arithmetic average, one variant of moving averages, can be
computed in various ways. Most recently, for instance, the exponential
moving average has grown in popularity as it depends more on the recent
price movements compared to the arithmetic average.

So how are the moving-average signals generated? The most common
approach, as already mentioned, is taking a long position when the stock
exceeds the moving average, and a short position when the price stays
under. In other words, we go long when the current price divided by the
value obtained from Eq. 2.7 is above a unity and short when it stays below.
Alternatively, we can also introduce minimum bands or rank the markets
on the distance to the historical average as all the approaches seem to per-
form well, having been documented in many studies. While the moving
average appears to be one of the simplest and most powerful trend-
following signals, the underlying principle remains similar for all momen-
tum strategies: stick to the winners and get rid of the losers.

As we have seen, moving averages prove successful in predicting future
returns and finance literature brims with studies showcasing how these
technical trading signals can be translated into profitable strategies.
Perhaps the most comprehensive empirical study has been done by
Glabadanidis who in his study entitled “Market Timing with Moving
Averages” reported striking evidence of the extraordinary performance of
the moving-average trading strategy. Further comparative studies exam-
ined a number of technical trading systems documenting the moving aver-
ages perform well regardless of the geographical coverage (Jacobs 2015;
Zaremba and Szyszka 2016; Zaremba 2017b).

The title of king of moving-average strategies should be awarded to
Valeriy Zakamulin, a professor at Adger University in Norway, who in his
series of research papers thoroughly investigated the profitability of the
moving average-based cross-sectional return patterns. Unfortunately, this
strain of research casts also some doubt on the usefulness of the trailing
averages. In his study of 2016 (Zakamulin 2016a) “Revisiting the
Profitability of Market Timing with Moving Averages”, the professor
declared that at best the performance of the moving average strategy only
marginally outperformed the corresponding buy-and-hold strategy.
Moreover, in his later paper titled “A Comprehensive Look at the Empirical
Performance of Moving Average Trading Strategies”, Zakamulin (2015a)
extended his examination to a 155-long study period again to conclude no
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statistically significant evidence that “market timing strategies outper-
formed the market in the second half of our sample”, with little to be done
to improve this performance.?”

Trend Factor The trend factor is an interesting extension to the trend-
following strategies introduced by Han et al. One fundamental problem in
implementing the trend-following strategies based on moving averages is
selecting the horizons for calculating the moving averages. Interestingly,
oscillating between the short- and long-term horizons may impact the
performance. The short-term moving averages, driven by momentum
effect, may lead to positive correlation of signals with future returns
whereas the very-long-run averages may gravitate toward mean reversion,
displaying negative correlation with future returns. Furthermore, as the
market behavior may change over time, the moving average, once most
reliable, may turn obsolete. Which horizon of the moving average should
we then use? According to Han, Zhou, and Zhu:... all of them!

Han et al. (2016) proposed a novel approach to the moving-range
strategy, incorporating the entire range of moving-average strategies.
Their approach to ranking stocks followed a two-step procedure. In the
first step, they conducted a cross-sectional regression on moving averages
with various lags: 3-, 5-, 10-, 20-, 50-, 100-, 200-, 400-, 600-, 800-, and
1000-days. The signals indicated the daily, weekly, monthly, quarterly,
one-year, two-year, three-year, and four-year price trends of the underly-
ing stock. Subsequently, they used the predictions from the regression to
select the best assets for their portfolios. Having recorded astonishingly
good results, the researchers concluded that the trend factor strategy
“outperforms substantially the well-known short-term reversal, momen-
tum, and long-term reversal factors, which are based on the three price
trends separately, by more than doubling their Sharpe ratios. During the
recent financial crisis, the trend factor earns 0.75% per month, while the
market loses —2.03% per month, the short-term reversal factor loses
—0.82%, the momentum factor loses —3.88%, and the long-term reversal
factor barely gains 0.03%. The performance of the trend factor is robust to
alternative formations and to a variety of control variables.”

Acceleration While the momentum strategy captures how quickly the
prices appreciate in the preceding months, it misses to account for the

7 See, also, Zakamulin (2015b, 2016b).
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pace the prices change: accelerating or decelerating. Pursuing this issue,
Ardila et al. (2015) examined the price-acceleration-based strategy relying
their sorts in the portfolio formation process not only on the raw returns
in the preceding 12 months, but rather on a difference in the returns
between the most recent 6 months (#—6 to #—1), and the preceding
6 months (#—12 to t=7). As they persuasively documented, the changes in
momentum, or the acceleration, defined as the first difference in the suc-
cessive returns, displayed better performance and higher explanatory
power than momentum, which the researchers considered an imperfect
proxy for acceleration.

This effect was further researched by Chen et al. (2017a), who exam-
ined the US equity market from 1962 to 2014, to find the acceleration
and deceleration patterns in historical prices predictive of future expected
returns in momentum investing. The authors proved that the winners
with accelerated historical price increases deliver higher future expected
returns while losers with accelerated historical price decreases underper-
form in the future. Thus, the profitability of holding past accelerated win-
ners and shorting past accelerated losers turned out markedly higher than
the momentum profits. Looking for explanations, Chen et al. (2017)
attributed the outperformance to behavioral phenomena: the extrapola-
tive bias and overreaction.?®

EmpiricAL TEST OF MOMENTUM STRATEGIES

Among momentum strategies, we tested three different techniques within
the broad concept of momentum: the classical relative momentum,
moving-average, and time-sevies momentum.

Following the classical momentum strategy, we sorted all the stocks on
the cumulative return within the months #~12 to -2 or, in other words,
on the trailing 12 months with the most recent month discarded from the
calculations. We followed the same approach in all the countries and
ranked the stocks monthly to identify the top and bottom quintiles, that
is, the 20% of stocks with the highest and the lowest historical return.
Subsequently, we equal-weighted the returns in order to form portfolios
and finally calculated the return on a long-short portfolio, which was long
in the top-momentum portfolio and short in the bottom-momentum.
The results are reported in Table 2.2.

28The concepts of acceleration and so-called gamma factor had been discussed also earlier
in Andersen et al. (2000).
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The results in Table 2.2 undoubtedly confirm momentum to be a pow-
erful and robust investment strategy. The top-momentum portfolios sig-
nificantly outperformed the bottom-momentum portfolios in 18 out of
24 countries examined. Furthermore, in all the countries, the momentum
strategy delivered alphas also significant from the CAPM. Naturally, the
mean returns and alphas on long-short portfolios varied: for instance, in
Japan—which is well known for poor momentum performance—the long-
short portfolio yielded only 0.33% per month. In Australia, on the other
hand, the same strategy delivered 2.37% per month. Evidently, the volatil-
ity of the strategies was country-specific: the standard deviation of monthly
returns ranged from 5.70% (Switzerland) to 15.14% (Ircland) monthly.

Figures 2.5 and 2.6 present the long-run returns on the global portfo-
lios which equal-weight or value-weight all the single-country momentum
strategies.

Both figures clearly confirm the momentum strategy as extremely
impactful over the last two decades. The top-momentum stocks vividly
outperformed both the market portfolio and the bottom portfolio stocks.
The outperformance became more pronounced in the equally weighted
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Fig. 2.5 Cumulative return on equal-weighted relative momentum portfolios.
(Note: The figure displays the cumulative return on the equal-weighted quantile
of the portfolios from sorts on the average return in months z—12 to #=2. Top
portfolio and bottom portfolio are quintile portfolios including the stocks with the
highest and lowest historical returns, respectively. Market is the value-weighted
portfolio of all the country equity markets considered. All the returns are expressed
in percentage)
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Fig. 2.6 Cumulative return on value-weighted relative momentum portfolios.
(Note: The figure displays the cumulative return on the value-weighted quantile of
the portfolios from sorts on the average return in months =12 to 2. Top portfo-
lio and bottom portfolio are quintile portfolios including the stocks with the highest
and lowest historical returns, respectively. Market is the value-weighted portfolio
of all the country equity markets considered. All the returns are expressed in
percentage)

portfolio than in the value-weighted portfolios, consistent with the well-
known phenomena of stronger momentum among small companies.

Distinctively in Figs. 2.5 and 2.6, the momentum performance was
neither smooth nor simple as the year 2009 brought a remarkable momen-
tum crash. Still, its overall outperformance remains clear and undeniable.

Testing the second strategy, the moving-average approach, we sorted
stocks on the most recent price divided by the average price over the previ-
ous 12 months. The larger the ratio was, or in other words, the higher was
the price above the moving average, the stronger the signal for the future
returns. Conversely, the low price relative to the 12-month average would
paint a rather gloomy future. Table 2.3 reports the performance of the
moving-average strategies with stocks sorted into quintiles based on the
distance to the 12-month trailing moving average.

Interestingly, the moving-average strategy outperformed even the sim-
ple relative momentum approach. In 21 of 24 countries, the strategy
delivered both significant and positive CAPM alphas. These included even
Japan, where momentum usually disappoints. The mean return on the
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global long-short momentum portfolios exceeded 1% per month, irre-
spective of the weighting scheme. Importantly, the moving-average strate-
gies proved slightly less volatile than the classic momentum strategies. The
standard deviations on the global portfolios reached only 2.29% and 3.32%
for the equal-weighted and value-weighted portfolios. In consequence,
the Sharpe ratios markedly exceeded their counterparts in the classic
momentum approach, rising about 50%, to 1.56 and 1.09 annually, for the
equal-weighted and capitalization-weighted strategies, respectively.

Figures 2.7 and 2.8 display cumulative returns on the moving-average
portfolios confirming again the impressive profitability of this strategy: for
example, the top equal-weighted portfolio delivered as much as 2700%
over the years 1994-2017.

Finally, testing the third strategy, time-series momentum, we followed a
straightforward procedure for portfolio formation. Having sorted all the
stocks on their cumulative return in the trailing 12 months with the most
recent month skipped—which was identical for the classic momentum
approach—we assumed long position in all the stocks with positive returns
and short in the securities with negative returns. Analogously as before,
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Fig. 2.7 Cumulative return on the equal-weighted moving-average portfolios.
(Note: The figure displays the cumulative return on the equal-weighted quantile
of the portfolios from sorts on the distance of current price to the 12-month mov-
ing average. The calculations were made based on monthly observations. Top port-
folio and bottom portfolio are quintile portfolios including the stocks with the
highest and lowest historical returns, respectively. Market is the value-weighted
portfolio including all the country equity markets considered. All the returns are
expressed in percentage)
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Fig. 2.8 Cumulative return on the value-weighted relative momentum portfo-
lios. (Note: The figure displays the cumulative return on the equal-weighted quan-
tile of the portfolios from sorts on the distance of current price to the 12-month
moving average. The calculations were made based on monthly observations. Top
portfolio and bottom portfolio are quintile portfolios including the stocks with the
highest and lowest historical returns, respectively. Market is the value-weighted
portfolio including all the country equity markets considered. All the returns are
expressed in percentage)

we formed the equal-weighted long, short, and long-short portfolios. In
other words, the mere sign—positive or negative—of the trailing 12-month
return determined the position we should take in a given asset: long or
short. Table 2.4 synthesizes the performance of the time-series strategies
across the international equity markets.

The profits from the time-series momentum strategy seem exception-
ally robust. Within the years 1995-2017, only one country in our sample
did not deliver significant alpha: Singapore. In all of the other equity mar-
kets both the mean monthly returns and the alphas were positive and
significant. The abnormal returns ranged from as much as 1.54% in
Australia to only 0.21% (insignificant) in Japan, which is, actually, quite
well known for the poor momentum performance.?

Taking a broader look at the global time-series momentum the equal-
weighted portfolio including all the countries delivered the mean monthly

2 For details, see Hanauer (2014), Teplova and Mikova (2015), and Chang et al. (2018).
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return of 1.00% and the monthly alpha amounting to 1.03%, with the
impressive t-statistics exceeding 6. The volatility remained reasonably
low—only 2.58% per month—so the Sharpe ratio proved very high reach-
ing 1.34 and 0.87 in the equal-weighting and value-weighting approaches.

Our test indicates the time-series momentum as one of the most robust
strategies delivering both high and stable returns around the world, as
detailed in Figs. 2.9 and 2.10 presenting cumulative returns on the global
time-series momentum portfolios, weighted equally and based on the
country equity markets capitalizations.

Within the years 1995-2017 both the long-short equal-weighted and
value-weighted time-series momentum portfolios, long (short) in the
stocks that delivered positive (negative) returns over the previous 12
months, earned over 1200% and 600% respectively. Most notably, this
wealth creation occurred without any major drawback, with the only
exception of the famous momentum crash in 2009. Albeit simple, the
time-series strategy appears most effective and reliable.

Discussing momentum-related strategies, we have shown various theo-
retical and empirical strategies assuming the continuation of the best per-
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Fig. 2.9 Cumulative return on equal-weighted moving-average portfolios.
(Note. The figure displays the cumulative return on the equal-weighted time-
series momentum portfolios. The calculations were made based on monthly obser-
vations. Top portfolio and bottom portfolio are quintile portfolios including the
stocks with the highest and lowest historical returns, respectively. Market is the
value-weighted portfolio including all the country equity markets considered. All
the returns are expressed in percentage)
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Fig. 2.10 Cumulative return on value-weighted relative momentum portfolios.
(Note: The figure displays the cumulative return on the equal-weighted time-
series momentum portfolios. The calculations were made based on monthly obser-
vations. Top portfolio and bottom portfolio are quintile portfolios including the
stocks with the highest and lowest historical returns, respectively. Market is the
value-weighted portfolio including all the country equity markets considered. All
the returns are expressed in percentage)

forming assets to outperform and the poor performers to disappoint.
While investors can benefit from this effect in numerous ways, the three
simple strategies—relative momentum, time-series momentum, and mov-
ing averages—have proved profitable all around the world. Next, it’s
worth considering their complete opposite—return reversal.
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CHAPTER 3

Trees Do Not Grow to the Sky: Reversals
in a Stock Market

“Trees do not grow to the sky”—this stock exchange maxim captures the
essence of reversal strategies which belong to the oldest tools ever
employed in technical trading. Their underlying principles remain surpris-
ingly simple: if stock prices have significantly dropped, buy them, as they
are likely to transform into winners. On the other hand, when the equities
recorded a solid bull market, sell them short, as they are likely to lose.

WHAT Is THE REVERSAL EFFECT?

Interestingly, at first glance the mean reversion seems to contradict the
momentum strategy, which interprets growing prices as a good sign and
recommends keeping the stocks. The reversion strategy, on the other
hand, advocates the opposite: you should stay away from a stock price that
has risen, sticking more to the losers than the winners. How is it possible
that both these strategies, so clearly contradicting, could be profitable?
The answer lies in different time horizons.

To illustrate the mean reversion in prices, Vitali Kalesnik (2013) from
Research Affiliates, an academically oriented money management com-
pany, drew an analogy with a pendulum which in a typical classroom
experiment consists of a weight, called the bob, suspended from a pivot.
Let us take a look at the Fig. 3.1.

What will happen once the bob has been moved from point A to B and
then released? Swinging back it will pass from point A to C and continue
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Fig. 3.1 Pendulum illustrating reversion to the mean. (Source: Own elaboration
inspired by Kalesnik (2013))

swinging to and fro until it finally loses its energy and rests in the
equilibrium point A. However, before the bob finds its balance in point A,
it will be moving quite quickly, and its momentum will be the best indica-
tor of both the speed and direction the bob will be moving in the immedi-
ate future. Nevertheless, in the long run, point A, which is the bob’s
average position, is the place where it is most likely to be found. Summing
up, while in the short run the bob is likely to continue to move in the same
direction, in the longer run, it will revert as the shorter and shorter swings
are the process of reverting to the mean.

The physical example of a pendulum, ruled by the orderly Newtonian
mechanics, is a clear and simple way of demonstrating a few irregularities.
While the stock exchange reality is quite different, with the mean-reversion
process being neither smooth nor deterministic, the crucial characteristics
of this analogy remain very similar.

In the short run, recent price movements are indicative of the future.
This phenomenon, as described in the previous chapter, suggests the trend
of the securities that performed well in the past to continue to overper-
form, while the assets that displayed low performance are more likely to
underperform. The long-run reversion implies this continuation tendency
to be only temporary, as over time the prices are likely to revert to the
average rather than to grow to the sky. Taking the long-term perspective,
the equities that moved in one direction in the past will rather move to the
opposite in the future.
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EVIDENCE OF THE REVERSAL PHENOMENON

The investigations of mean reversion in equities have a very long history
of academic research. In 1985 De Bondt and Thaler wrote their seminal
paper “Does the Stock Market Overreact?” where they observed that
“research in experimental psychology suggests that [...] most people tend
to “overreact” to unexpected and dramatic news events.” Following this
observation, De Bondt and Thaler designed an investment strategy that
could capture eventual profits resulting from the overreaction to its
unquestionable success. The researchers found that stocks experiencing
extreme returns in the past would exhibit subsequent long-run price
reversals, which could persist even up to three to five years. Just as in the
case of pendulum, the more extreme returns experienced in the past, the
bigger subsequent reversals.

De Bondt and Thaler (1985) offered a “contrarian strategy” aimed at
buying past losers, or undervalued stocks, and selling past winners, or
overvalued stocks, to be tested it in the US stock market for the period
ranging from 1930 to 1977.

The researchers computed each security’s cumulative return for the 36
months starting December 1932, repeated this step 16 times to obtain 16
non-overlapping periods between 1930 and 1977. Next, for the each of
the 16 portfolio formation dates, De Bondt and Thaler sorted the securi-
ties on the past 36-month trailing returns from the lowest to the highest.
The bottom 35 equities, with the poorest performance, were then called
loser portfolio, while the top 35 stocks, with the highest returns, became
winners, to be finally compared.

Based on the 16 non-overlapping subperiods the researchers found that
the losers outperformed winners by 24.6% over the following three years.
Compared to the market-wide returns, the winner underperformed the
market by 5% on average, while the losers earned 19.6% more than the
market in the three-year portfolio formation.

The study also provided a few additional insights into the details of this
strategy. First, they identified the performance of the reversal strategy
especially strong in the first month following the portfolio formation, in
January in particular. Second, they discovered the winner portfolio also
displaying a higher beta which means that the long-term losers are not
only more profitable but also safer than the winners. In their final observa-
tion, De Bondt and Thaler declared no reversal in the ranking periods of
one year.
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Interestingly, this last observation influenced the way the reversal strat-
egy has been since implemented. If the latest 12 months do not contribute
to the long-run reversal, why they should be used? In fact, utilizing this
period could even prove counterproductive, as it is driving momentum,
that is, a positive autocorrelation of returns. Therefore, many recent stud-
ies of the long-run reversal effect usually include sorting on the last 36-60
months and disregard the last 12 months.!

Summing up, the seminal study of De Bondt and Thaler (1985)
brought convincing evidence for the long-run reversal in equity markets.
While in the short term the relative strength, or momentum, may be the
dominant force driving the prices, in the long run it is better to stick to the
loser, as more likely to become winners in the future.

Since then, long-run reversal has been studied across various interna-
tional stock markets, showcasing its significantly affecting price behavior
in, for example, the UK, Spain, Germany, New Zealand, France, Australia,
Canada, India, Malaysia, China, or even Sri Lanka, and Jordan.? The phe-
nomenon was further researched in various asset classes, including corpo-
rate bonds, futures, country and industry indices, treasuries, commodities,
and currencies.?

'The examples include Jacobs (2015, 2016), Zaremba and Szyszka (2016), Zaremba
(2016, 2016d, 2017), Hou et al. (2017), and Jacobs and Miiller (2017a).

2See, for USA, Campbell and Limmack (1997), Dissanaike (1997); for UK, Clare and
Thomas (1995); for Spain, Alonso and Rubio (1990), Forner and Marhuenda (2003); for
Germany: Stock (1990); for New Zealand, Swallow and Fox (1998); for France, Bacmann
and Dubois (1998); for Poland, Sekutfa (2015); for Australia, Brailsford (1992); for Canada,
Kryzanowski and Zhang (1992); for Brazil, Da Costa (1994); for Malaysia, Ahmad and
Hussain (2001) and Ali et al. (2011); for China, Wu (2011); for Sri Lanka: Tripathi and
Aggarwal (2009); for Tunisia, Dhouib and Abaoub (2007); for South Africa, Page and Way
(1992) and Hsieh and Hodnett (2011); for Turkey, Bildik and Gulay (2007); for Jordan,
Saleh (2007); and for Egypt, Ismail (2012).

3See, for stocks, Alonso and Rubio (1990), Da Costa (1994 ), Baytas and Cakici (1999),
George and Hwang (2007), Saleh and Sabbagh (2010), and Maheshwari and Dhankar
(2015); for equity country indices, Richards (1997), Balvers et al. (2000), Balvers and Wu
(2006), Spierdijk et al. (2012), Smith and Pantilei (2013), Malin and Bornholt (2013),
Gharaibeh (2015), and Zaremba (2016d); for currencies, Chen and Jeon (1998), Sweeney
(2006), Serban (2010), Chan (2013), and Kumar (2014); for futures markets, Monoyios
and Sarno (2002), Chan (2013), and Lubnau and Todorova (2015); for government bonds,
Park and Switzer (1996) and Khang and King (2004 ); for commodities, Irwin, Zulauf, and
Jackson (1996), Andersson (2007), Miffre and Rallis (2007), and Chaves and Viswanathan
(2016); for corporate bonds, Bhanot (2005) and Bali et al. (2017); and for industries,
Bornholt et al. (2015).
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In 2016, Arnott et al. even argued that the mean-reversion phenome-
non affected entire strategies by reducing the future profitability of factor
returns. In other words, the strategies that performed very well over years
might, in turn, become expensive and underperform in the future.

Perhaps one of the most comprehensive studies of long-run reversal in
the stock markets was conducted by Blackburn and Cakici. In their
research published in the Journal of Empirical Finance, they investigated
a huge sample covering 23 equity markets for years 1993-2014 to find
evidence in support of the global presence of long-run reversals. As indi-
cated, over the period of three years the positive return differential between
loser stocks and winner stocks remained significant regardless of various
considerations: controlling for size, valuation, or momentum although
not equally strong in all global regions.

In the North America subsample, composed mainly of the US markets,
the equal-weighted portfolio of stocks with the poorest returns over trail-
ing 36 months outperformed the top performers by 0.80% on average.
The situation was similar in Japan and in other Asian markets, with the
return differential amounting to 1.03% and 0.54%, respectively.
Interestingly, in the European sample, including the largest economies at
the Old Continent, the contrarian strategy displayed rather disappointing
results: the past losers earned on average 0.96% per month, while the past
winners 1.23%. In other words, what was observed was more of a return
continuation rather than reversal (Fig. 3.2).

Furthermore, the overperformance of the contrarian strategies was also
significantly diminished when the portfolios were weighted on capitaliza-
tion. In this case, in all the regions evaluated by Blackburn and Cakici
(2017) the abnormal and raw returns diminished so markedly that they
insignificantly differed from zero.

What was the reason for this poor performance? Perhaps the market
became more efficient over the years, as the mean-reversion anomaly had
been known for decades. In fact, a number of recent research have indi-
cated that many anomalies are ruled by a sort of Murphy’s law: once dis-
covered, they tend to disappear (McLean and Pontiff 2016; Jacobs and
Miiller 2017a). Second, the recent period could prove extraordinary lead-
ing to reduced profits from long-run reversal strategies. Indeed, the falling
payoffs to mean reversion have been observed in many places, and it is still
unclear whether these are permanent or temporary changes in the market
(Zaremba 2016d). Third, the reversal effect drivers may be particularly
embedded in some market segments, for instance, in small stocks, which
we will consider later.
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Fig. 3.2 Monthly returns on portfolios of stocks from sorts on long-run returns.
(Note: The figure displays mean-monthly returns on equities in four global
regions—North America, Europe, Japan, and Asia. The portfolios were formed
from sorts into quintiles according to their three-year cumulative return measured
over the months #—36 to t—1 with quintile 1 being the portfolio of losers and
quintile 5 the portfolio of winners. The breakpoints were determined using the 20,
40, 60, and 80 percentiles of the stocks in the top 90% of the aggregate market
capitalization. Time #returns from the equal-weighted and value-weighted portfo-
lios comprising the stocks in each quintile were averaged across all months from
1993 to 2014. The data for the figures and the description was sourced from
Table 2 in Blackburn and Cakici (2017))

As their last insight, Blackburn and Cakici (2017) stated that profits
from the contrarian strategy are unevenly distributed. The charts for
North America or Asia resemble the letter L, rather than any monotoni-
cally increasing profits. The conclusion? To benefit from the contrarian
strategy, it is not enough to buy losers: we need “super-losers”, that is, the
companies with truly detrimental past performance that can turn out to be
in the 20% of the worst performing stocks in the market.
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EXPLAINING THE REVERSAL EFFECT

While most academics confirm the existence of long-run reversal in equi-
ties, the reasons behind it remain still controversial and hotly debatable. As
for most stock market anomalies, we have two dominating theories: the
behavioral and the risk approach, with only some slightly helpful marginal
explanations concentrating on the measurement error or methodological
issues.

The explanation of the long-run reversal effect may be interestingly
related to the size and value effect. The first phenomenon relates to the
tendency of small companies to outperform large businesses on a risk-
adjusted basis. Analogously, the value effect refers to the tendency of
stocks with low value-to-fundamental ratios to yield higher returns than
the securities where this ratio is higher. Both effects have been long known
to both the researchers and market practitioners, being intensively docu-
mented and thoroughly researched.* Clearly, if a small-business security
has low valuation ratios, its price is likely to have recently decreased.®
Other studies confirm the value and reversal strategy profits to be visibly
correlated (Asness et al. 2013), and the long-run reversal payofts to be an
important component of the small-cap strategy. Therefore, the hypotheses
explaining the reversal, value, and size effects appear interrelated (Zaremba
and Umutlu 2018a).

Let’s explore the potential explanations starting with the behavioral
approach to the long-run reversal.®

Behavioral Mispricing The behavioral justification for the long-run rever-
sal came forward directly after its discovery (Lakonishok et al. 1994). In
essence, the theory indicated that the abnormal stock returns of the losers
relative to the winners resulted from behavioral mispricing and investor
irrationality. The mispricing results from a series of behavioral biases held
by market participants, the most important of which is probably the so-
called judgmental bias. This stems from the overreaction of investors who

*The two anomalies have been initially described in seminal papers of Basu (1983), Banz
(1981), and Rosenberg et al. (1985). A comprehensive discussion and review of literature
could be found in Zaremba and Shemer (2017).

5 For further discussion of the relationship between size and long-run reversal, see Zarowin
(1989, 1990).

¢These issues have been also discussed and are partially sourced from Zaremba and Shemer
(2017).
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in their predictions too optimistically (or pessimistically) extrapolate either
the past trends in prices or the fundamentals, like sales or earnings growth.
According to this theory, winner companies with the good past record
become overpriced, as investors expect the nice return to continue in the
future. The overpricing should be reflected in the inflated valuation ratios
making the long-run reversal closely related to the value vs. growth effect.
In consequence, the firms with the lowest past record should become
undervalued, also displaying low valuation ratios.

Having concentrated on value investing, Lakonishok et al. (1994 ) iden-
tified data patterns supporting the behavioral hypothesis: growth stocks
displaying higher growth rates, yet tending to revert to the mean within
years; analogously, while value stock grows slower, the growth stocks
quickly accelerate. Summing up, there are real differences in growth rates
between growth and values stocks, being, however, insufficient to justify
the spread in the valuation ratios. The behavioral bias affects particularly
less professional individual investors who are more prone to such psycho-
logical traps. Consistently, the profitability of value strategies is higher
across stocks with low institutional ownership (Phalippou 2004 ).

The mispricing phenomenon resulting from the extrapolation biases
could be subsequently amplified by agency problems. Stock market ana-
lysts, in their pursuit of commissions, try to persuade customers into buy-
ing stocks using good past performance and growth rates as a winning
argument (Chan et al. 1995). Moreover, most winner and growth stocks
come from the “shiny” and exciting industries, like new technologies,
which attract a lot of media attention and analyst’s coverage (Bhushan
1989; Jegadeesh et al. 2004 ) Thus, professional money managers gravitat-
ing toward glamorous growth stocks may fall for such investments lured
by the potential benefits to their future careers.

Although such fad-induced mispricing may last for years (Shleifer and
Vishny 1997), the valuation gap eventually closes: the earnings announce-
ments awake the investors to the truth about the company’s potential and
its growth prospects, helping thus the prices move toward their “intrinsic
value” (La Porta et al. 1997).

Another explanation of the value premium within the behavioral strain
has been offered by Barberis and Huang (2001), who identified two psy-
chological biases: mental accounting and loss aversion. The concept of loss
aversion implies that investors suffer more from losses than they rejoice from
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equivalent gains making a series of losses a particularly painfully distressing
experience for all stock market investors.” Additionally, biased by mental
accounting, investors consider the performance of stocks in their portfolios
individually, rather than considering the overall gains and losses across the
entire portfolio. According to Barberis and Huang, the undervaluation of
the loser stocks, or value stocks, may result from a very poor prior perfor-
mance. The investors, regarding the stocks with dismal prior returns riskier,
demand higher returns on their investments. In other words, what triggers
the premium for the long-run losers is not the objective risk, but the risk
perceived by investors influenced by the behavioral biases. This explanation
is consistent with the observations of De Bondt and Thaler (1985) who
have found the performance of value stocks correlated with the returns on
companies that suffered long-term losses over past four to six years.

The behavioral explanation of stock market anomalies brings another
implication: the mispricing resulting from reversals premium should be
particularly high in the periods of levered investor irrationality, that is, fol-
lowing the times of high investor sentiment. This was proven by Baker and
Wargler in 2006 and subsequently an analogous pattern was identified by
me at the country level (Zaremba 2016), having examined it with regard
to the equity valuations: there too returns on the markets with low valua-
tion multiples scored particularly high in comparison to the “growth
countries” in months when the investor sentiment was high.

Finally, an interesting experiment was also performed by Du (2011)
although indirectly linked to the long-term reversal, and more oriented
toward the value effects. Having jointly tested the two competing explana-
tions of the value premium, the risk compensation hypothesis and the
investor sentiment story, Du found that while the value premium did cor-
relate with the investor sentiment, it only loosely related to the state of
economy. The researcher finally, concluded the notion of value premium
resulting from risk difficult to disapprove.®

The Risk Story Another set of explanations refer to risk, notably with some
authors arguing that the fluctuations in expected returns may stem from

7For further explanation of the concepts of loss aversion and mental accounting, see
Szyszka (2013).

8This observation was later confirmed for the international markets by Chaves et al.
(2012). On the contrary, Chui et al. (2013) found the behavior of the value premium con-
sistent with the risk-based explanation but failed to support the mispricing hypothesis.
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either the uncertainty of future economic conditions and the probability
of survival in the event of economic depressions or military conflicts. Even
more importantly, the long-run reversal appears also closely related to the
value premium. In consequence, a review the risk-based hypothesis behind
the value premium may provide some interesting insights in the search for
the origins of the long-run reversal.

The risk-based explanation for the value effect was first laid out by
Fama and French in their famous paper of 1992. The authors argued the
reason behind the low price of value stocks to be bankruptcy risk; in other
words, value companies were to be more prone to encounter financial
distress.’

To some extent, the risk story has been since supported by the data:
value portfolios, and frequently also the closely correlated long-run losers,
do tend to lean heavily on the financially distressed stocks whereas the
value stocks are more exposed to credit risk, making the value premium
substantially influenced by the financial leverage (Ozdagli 2012; Cao
2015a).1° Nonetheless, this explanation faces one problem: in practice,
distressed stocks underperform the market. With ample evidence of high
distress risk being in fact associated with lower returns (Dichev 1998;
Griffin and Lemmon 2002; Piotroski 2000; Campbell et al. 2008), a
research by de Groot and Huij (2011) indicated that contrary to popular
beliefs value portfolios sometimes overweighted the least distressed
stocks—and not only the most distressed ones.

Digging deeper into the value premium, which is closely linked with
the long-run reversal, we will see that the non-market risk borne by com-
panies may also be related to investments and production technologies
used in business. This concept was further explored by Cochrane (1991,
1996), Zhang (2006), and Garlappi and Song (2013) who researched
asset pricing framework in production companies. According to their find-
ings, value firms are heavily burdened with hard assets and unproductive
capital, which may turn against them in harsh economic periods during
which they cannot easily and quickly divest by closing factories or selling
unproductive assets. This lack of flexibility may translate into serious losses
or even default. Growth firms, on the other hand, rely more on human

°For further discussion, see also Fama and French (1996).
19See Kang and Kang (2009), Avramov et al. (2013), Elgammal and McMillan (2014),
Janssen (2014), Choi (2013), or Blitz et al. (2014b).
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capital and intangible assets,!! and as it is casier to dismiss a high-salary

employee than to sell a factory, the underlying structure of production
companies poses a fundamental risk which should be compensated with
additional risk premium.!?

Another interpretation of the non-market risk was offered by Doukas
et al. (2004), who suggested that the risk could arise from the divergence
of opinions on the company’s future among market participants. When
the investors substantially disagree about the company’s prospects, the
investment may seem riskier than in the case of'a universal market consen-
sus. Subsequently, however, the idea was challenged by Shon and Zhou
(2010), who used the dispersion among analysts’ forecasts as the proxy for
testing the divergence of opinions. Surprisingly, they found firms with
greater exposure to divergent opinions earning no higher excess and, his-
torically, earning even slightly lower returns. These findings questioned
the initial claim that divergence of opinions might really help explain the
value premium.

The risk story causes ripples also at the country level. Undoubtedly,
international investors face numerous risks of expropriation, currency
devaluation, coups, or regulatory changes (Bekaert et al. 1996; Dahlquist
and Bansal 2002a) which—due to their nature—are not fully reflected in
the volatility of returns. A solid block of academic evidence suggests that
these risks are, in fact, priced in. The markets considered riskier in terms
of political, country, or economic risk are indeed associated with higher
returns.’® Exploring it further, Erb et al. (1996a, b) confirmed that riskier
countries display lower price-to-book and price-to-earnings ratios, and
higher dividend yields.

Besides the risk explanations more or less directly related to the “value
vs. growth” phenomenon, a few are linked explicitly to the behavior of
prices. Although many old models of the financial market, including those
used by De Bondt and Thaler, assumed the risk level to remain unchanged
between the period of portfolio ranking and formation, and the test (eval-
uation) period, it may not be true. Chan (1988) and Ball and Kothari
(1989) challenged this view indicating that if a stock experienced a series

"'"The importance of human capital in explaining the value premium was also the subject
of investigations by Hansson (2004), Santos and Veronesi (20006), Jank (2014 ), and Sylvain
(2014).

12For further discussion, see also Carlson et al. (2004) and Cooper (2006).

13For further discussion on this issue, see Ferson and Harvey (1994), Erb et al. (1995,
19964, b), Bekaert et al. (1996), Dahlquist and Bansal (2002a), Harvey (2004), Andrade
(2009), and Zaremba (2016b, ¢).
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of serious negative returns, it was likely to become riskier. The betas
increasing from the rank period to the test period could imply higher
future expected returns. Consistent with this hypothesis, these authors
observed changes in betas over the study period which once accounted for
significantly impeded the performance of the long-run reversal strategy,
casting doubt on its economic significance.

In addition, Ball and Kothari (1989) have concentrated on the changes
in leverage and argued that the negative serial correlation in returns is
entirely driven by the time-series variation in risk. Their argument? A stock
beta is closely related to leverage: the higher the leverage, the higher the
beta. Moreover, a company’s market value is a function of its stock price:
if the stock price has been decreasing for a long time with no new stocks
issued, the company’s market value is certain to fall. If at the same time the
debt remains constant, the leverage has to increase, increasing in turn both
the beta and the expected return. In short, the longer and more severe the
streak of past negative returns, the higher the future returns.

The arguments of Chan (1988), Ball and Kothari (1989) were hardly
in line with the overreaction story of De Bondt and Thaler (1985, 1987).
The two conflicting sides were reconciled by the work of Jones (1993),
who indicated that the simple leverage cannot fully account for the changes
in expected returns. His research showed that the risk exposures of stocks
are asymmetric in bull and bear markets: tending to be higher in the up
markets and lower in down markets. According to Jones, this pattern may
also contribute to the mean-reversion phenomenon, being consistent with
the rational time-varying expected returns.

Microstructure Effects Mean reversion, among many stock market anoma-
lies, has been attempted to be explained with the microstructure issues.
The overreaction hypothesis was applied for this purpose by Kaul and
Nimalendrum (1990) and Conrad and Kaul (1993) who claimed the over-
reaction was caused by measurement errors in prices stemming from the
bid-ask spreads. The authors indicated that the loser companies were
smaller and had lower nominal prices than the large ones, so the changes of
non-trading were higher. This may turn to totally spurious autocorrelation.
Another caveat was added by Ball et al. (1995a), who observed that the
loser stocks picked by De Bondt and Thaler were usually low priced, mak-
ing them exceptionally sensitive to liquidity and microstructure effects.
They also noticed the outcomes of De Bondt and Thaler (1985) to be
sensitive to the selection of the formation month, in this case, December,
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while the selection of a different month, for instance, June or August,
could make the results inconsistent with the overreaction hypothesis.

January Effect As already indicated it in the momentum section, the
January effect is a tendency of stocks to perform in January, when small
companies, in particular, tend to outperform the large ones. Interestingly,
there is a lot of research implying that the January effect arises not only in
stocks, but also across some strategies, of which the long-term reversal
might be one.™ In fact, Zarowin (1990) observed the return differential
to exist only in January, whereas Conrad and Kaul (1998) having imple-
mented a buy-and-hold strategy argued any abnormal returns in January
arose due to the January effect. To conclude, the overreaction may be
somehow driven, or at least biased, by some seasonal anomalies.

Survivorship Bias Survivorship bias is the distortion in results occurring
when only the surviving companies are investigated. It is, in fact, a com-
mon problem in testing investment strategies as investors look only at
those strategies that exist and ignore the ones that are no longer present
in the market (due to delisting or bankruptcy). This may significantly con-
tribute to the alleged overperformance of the loser stocks. How? Let us
imagine a company undergoing serious financial problems: its standing
deteriorates, the stock price plunges, and the bankruptcy seems looming
ahead. As the company stock price is plummeting, it reaches ridiculously
low valuation ratios, as no one wants to overpay for a company doomed to
disappear from the market. If the situation improves, the prices may
bounce back earning its investors substantial returns. On the other hand,
if the company does go bankrupt, it drops out of the existing sample. We
have a win-win situation: the worst market losers either recover or we dis-
regard their performance, theoretically making money either way; in real
life, however, we do lose when the company eventually goes under. The
survivorship bias can significantly contribute to the long-run reversal
(Loughran and Ritter 1996; Pepelas 2008) and, in more general terms, to
the value premium (Banz and Breen 1986; Kothari et al. 1995).%° In the
most extreme cases, the value effect may even be completely eradicated by
the survivorship bias.

"See, for example, Zarowin (1990), Pettengill and Jordan (1990), Jegadeesh (1991),
Chopra et al. (1992), and Conrad and Kaul (1993).

!5 Importantly, it may influence not only stock returns but also, for example, funds. See, for
example, Carpenter and Lynch (1999) for discussion.
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One way of tackling the survivorship bias is to exclude a reasonable
amount of time before the bankruptcy. For instance, Lakonishok et al.
(1994) adhered to five years of prior data to classify their returns, addition-
ally focusing on the 50% of the largest NYSE and AMEX companices, which
were less affected by the bias (La Porta 1996). The authors found that the
survivorship bias distorted the results, but it was far from being the main
factor driving the performance. This is true for both long-run reversal
(Loughran and Ritter 1996) and the value strategies. In fact, even in the
emerging or frontier markets, the survivorship bias does not completely
wipe out profitability of the value strategy. For example, Anghel et al. (2015)
carefully examined the returns from the Romanian market having accounted
for the survivorship bias, to conclude that the value portfolios consistently
outperformed the growth socks. However, slightly less optimistic conclu-
sions were reached by Andrikopoulos et al. (2006), who examined the UK
equity market for the period 1987-2002. Having employed a different
approach to Lakonishok’s and utilized a survivorship-bias-free database
including both listed and delisted stocks, they accounted for losses when-
ever a company went bankrupt. Once accounted for various statistical biases,
including the survivorship bias, the researchers found the performance of
value strategies deteriorating so much that the strategies proved no longer
significant whether statistically or economically. Even if their results may be
period specific, and the survivorship bias does not fully explain the value
premium, it most certainly contributes to it and its potential influence
should not be ignored. In essence, the results informative of the value pre-
mium are also promising for the closely linked long-run reversal effect.

Data Mining The last valid explanation of the long-run reversal effect
says that there simply is no effect. The recent years have brought an array
of studies on cross-sectional patterns in returns and alleged predictive sig-
nals of future payoffs. The research was at least partially driven by the
investing industry as the results could be easily used as a springboard for
higher salaries and bonuses. In 2016, Harvey et al. reviewed over 300
asset pricing factors from the equity universe documented in the top-tier
academic journal. A year later, Hou, Xue, and Zhang extended the num-
ber of return regularities to over 400, giving only two examples of the
large-scale review studies!'® Thus, this should hardly be surprising that

1For other studies reviewing a large number of anomalies, see Hou et al. (2011, 2015,
2016), Green et al. (2016), Jacobs and Miiller (2017a, b), Zaremba (2016, 2017), Zaremba
and Nikorowski (2017), and Zaremba and Andreu Sanchez (2017).
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some of these return patterns are simply random phenomena emerging
from data mining, as suggested by the infinite monkey theorem: if'a bunch
of monkeys pound on a typewriter, one will eventually compose Hamlet.
The researchers Dimson and Marsh (1999) call it a Murphy’s law of equity
anomalies: once discovered, their profitability tends to evaporate.”

The phenomenon, whether down to the exploitation of the anomaly by
professional investors, or due to false conclusions, presents a real challenge
to the value anomaly. Acknowledging this, the researchers Lo and
MacKinlay (1990) argued that data mining may lie behind some stock
market anomalies, including the long-run reversal.

While this seems improbable, it is possible. The reversal strategy also
has its weaknesses. The seminal studies of De Bondt and Thaler (1985)
were carried out over a limited period: 1930-1977. The study of Blackburn
and Cakici (2017) never delivered extremely optimistic results. Regarded
as out-of-sample in both geographical and time-series terms, as it included
both the countries and time periods that have never been researched
before, it proved the reversal anomaly almost non-existent in Europe in
the post-1990 period, and invisible in the value-weighted portfolios.
Importantly, this phenomenon was not limited to individual equities.
While early studies, for example, Balvers and Wu (2006), clearly identified
the long-run reversal, in 2016, Zaremba demonstrated that over the last
two decades the effect remained entirely unprofitable!

Notably, the disappointing performance of the long-run reversal could
also be extended to the value effect. The seminal studies of Fama and French
(1992, 1993) covered only a period of 28 years (1963-1991) for a single
equity, opening up the possibility of a unique period of value stocks” abnor-
mal returns. Indeed, a study by Israel and Moskowitz (2013) comprehen-
sively examined value premium over a much longer period (1927-2011)
only to identify the premium within the small-cap and mid-cap companies,
proving the abnormal returns on value stocks insignificant among the larg-
est 40% of the NYSE companies. Furthermore, having examined the subpe-
riods, they found that the two largest quantiles exhibiting no reliable value
premium in three out of four investigated subperiods. In fact, the value
strategy performed well in large caps only within the 1970-1989 period,
which coincides with the findings of Fama and French (1992, 1993).

Another Achilles’ heel of the Fama and French (1992, 1993) studies
was pointed out by Kothari et al. (1995), who examined a similar sample

17See also McLean and Pontiff (2016) and Jacobs and Miiller (2017a).
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using a different data source, interestingly, finding no evidence of any
significant positive relation between the book-to-market ratio and the
expected returns, leading him to conclude that the value premium could
have simply emerged from the selection bias.

One of the deadliest blows to the value premium was finally delivered
by Fama and French (2015). In a five-factor asset pricing model, the
researchers successfully replaced the value factor with a combination of
profitability and investment intensity, which suggested the value premium
to be no anomaly per se, but rather a manifestation of other phenomena
in the market.

To be fair, given the current state of research, we should admit that
considering all the anomalies and asset pricing factors, the value premium
is hardly the effect of data mining. The strongest proofis its pervasiveness.
Having been identified across numerous stock markets and asset classes
(Asness et al. 2013), the criticism raising the outperformance of the value
stocks as a merely random event must be considered at least audacious, if
not outright implausible.

Summing up, the existing academic evidence offers a few reasonable
explanations of the long-run reversal anomaly. While the debate to what
extent each contributes to the effect is still ongoing, the existence of this
phenomenon is certainly theoretically justifiable.

IMPROVING THE REVERSAL STRATEGIES

Having now investigated both the theoretical and empirical evidence for
the long-run reversal, we can focus on the ways it can be further improved.

Optimize the Sorting Period The long-run reversal could be approached
with various sorting periods. Most studies use ranking periods ranging
from 36 to 60 months, with the 12 most recent months skipped. Although
the exact results might differ in various studies, as a rule, the reversal effect
emerges until the 60th month as proved also by Zaremba and Umutlu
(2018b, ¢) who found a stronger outperformance of loser indices over
winner indices in the 60-month sorting period (with the usual last 12
months dropped).

Focus on the Less-Efficient Markets Similarly to the momentum strategy, as
an anomaly, the long-run reversal should appear stronger in the less infor-
mationally efficient market segments, that is, covered by few analysts, less
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investigated by sophisticated institutional investors, or simply less interest-
ing to the general public. How to select the less efficient segments? At
least two approaches seem justifiable based on the research of McLean
(2010) who double-sorted the equities following the long-term return
and idiosyncratic volatility. The stocks with high-idiosyncratic volatility
having varied significantly from the market benchmark could not be used
for efficient hedge against the market risk, while according to McLean
(2010) the reversal effect worked almost solely in these stocks character-
ized by high-idiosyncratic risk. Having researched a sample of US equities
for years 1965-2004, he discovered that the long-run losers outperformed
the long-term winners by 1.241 percentage points in the quintile of the
riskiest stocks. However, within the safest stocks, the return differential
turned even slightly negative. Clearly, the long-term reversal works almost
only for the stocks of high-idiosyncratic volatility.

Another proxy for efficiency is size. Paraphrasing Hong et al. (2000), in
small stocks, news travel slowly (Fig. 3.3). It was also proved true for the
long-reversal by Blackburn and Cakici (2017), summarized in Fig. 3.4.

Clearly, the long-run reversion effect originates from the smallest stock.
Apart from Europe, where the anomaly was non-existent, the long-term
reversal was driven almost solely by the smallest stocks in the market,
having an important implication for, for example, portfolio construction.
When implementing the long-term return strategy, using equal-weighted
portfolios appears more reasonable, as they tend to overweight small com-
panies which has been is also confirmed by Blackburn and Cakici (2017).

EmpriricaL TEsT OF LONG-RUN REVERSAL

Within the long-run reversal universe we tested the most fundamental
long-run reversal strategy by sorting equities on the mean-monthly return
in the trailing 60 months skipping the most recent 12 months. In other
words, for each month we calculated the mean return in months 7—60 to
t—13 and sorted them accordingly. Subsequently, as in the case of momen-
tum strategies, we formed quintile portfolios and assumed long position
in the portfolio of stocks with the lowest historical return and the short
position in the portfolio with the highest historical return. The results of

this simple exercise across all the examined countries are reported in
Table 3.1.
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Panel A: North America Panel B: Europe
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Fig. 3.3 Monthly returns on long-short portfolios of stocks from sorts on long-
run returns within various size quantiles. (Note: The figure displays mean-monthly
returns on equities in four global regions: North America, Europe, Japan, and Asia.
This table reports the equal-weighted returns of portfolios formed by the indepen-
dent double sort by market capitalization long-term return, that is, the three-year
cumulative return measured over =36 to t—1. REV breakpoints are determined
using the 20%, 40%, 60%, and 80% percentiles of the 90% of stocks in the top 90%
of aggregate market cap within the region. Size breakpoints are determined using
the 3%, 7%, 13%, and 25% breakpoints of all the firms within the region. The sorts
are conducted independently. The long-short portfolios are long (short) in the
stocks with the lowest (highest) long-run returns. The data for the figures and the
description is sourced from Table 6 in Blackburn and Cakici (2017))

The results proved faintly optimistic: the long-run reversal strategy
yielded some profits, yet only in a few countries. In the USA, the long-
short portfolio produced a mean-monthly return of 0.42% and a modestly
significant alpha of 0.38%. Also, the Japanese mean payoffs and alphas
were both significant and positive, equaling 0.51% in both cases while the
third exception was Denmark with the long-short portfolios yielding 0.8%
per month, but the long-horizon reversal strategy failed in all of the other
covered countries.
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Fig. 3.4 Cumulative return on equal-weighted portfolios formed on long-run
returns. (Note: The figure displays the cumulative return on equal-weighted quan-
tile portfolios from sorts on the 60-month average return with the 12 most recent
months skipped. The calculations were made on the basis of monthly observations.
Top portfolio and bottom portfolio are quintile portfolios including the stocks with
the worst and the best long-run performance, respectively. T-B portfolio is the
portfolio long in the zop portfolio and short in the bottom portfolio. Market is the
value-weighted portfolio of all the country equity markets considered. All the
returns are expressed in percentage)

Interestingly, however, disappointing, our results only slightly departed
from the earlier evidence. For example, Blackburn and Cakici (2017) also
found the reversal strategy particularly strong in the USA and Japan, with
little evidence in other countries.

As the strategy proved profitable in two distinct markets, the USA and
Japan, only the value-weighted global long-short portfolio displayed sig-
nificant and positive mean-monthly returns, albeit very modest, amount-
ing to only 0.25% per month, yet still positive. On the other hand, the
equal-weighted returns displayed profits indistinguishable from zero.

Figures 3.4 and 3.5 present cumulative return on the equal-weighted
and value-weighted global portfolios, respectively. Again, the cumulative
returns on the value-weighted long-short strategies were positive, though
modest, amounting to over 80%. On the other, the long-short equal-
weighted strategies proved to deliver small losses.

In summary, while the performance of the long-run strategy yielded
initially promising results, the recent performance proved somewhat
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Fig. 3.5 Cumulative return on the value-weighted portfolios formed on the
long-run return. (Note: The figure displays the cumulative return on the value-
weighted quantile portfolios from sorts on the 60-month average return with the
12 most recent months skipped. The calculations were made on the basis of
monthly observations. Top portfolio and bottom portfolio are quintile portfolios
including the stocks with the worst and the best long-run performance, respec-
tively. T-B portfolio is the portfolio long in the zop portfolio and short in the bottom
portfolio. Market is the value-weighted portfolio of all the country equity markets
considered. All the returns are expressed in percentage)

mixed. Our own analysis, in line with the latest research papers, confirmed
the long-term reversal to emerge only in some markets over last two
decades, luckily, also the largest ones: the USA and Japan.

Having explored the long-run reversal strategy, it is now time to exam-
ine its short-term relative: namely, short-run reversal.

SHORT-TERM REVERSAL: A YOUNGER COUSIN?

When adopting a really long-term approach of multiple years, we can see
stocks reverse: with long-run losers turning into winners and initial winners
degrading to losers. In the medium term of 12 months, however, continu-
ation, or as we call it here, momentum, rules the roost. The top performing
stocks continue to dominate, and the laggards generally lag behind. So
which trend do we see in an even shorter term: continuation or reversal? In
the shortest run, the stock returns appear to ... reverse again.
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The short-term reversal anomaly belongs to the oldest patterns discov-
ered in equity markets. While the evidence could be traced back to Fama
(1965), the seminal study was conducted by Lehmann in 1990. In his
paper titled “Fads, Martingales, and Market Efficiency”, he examined
returns in the US equity market for years 1934 to 1987. Lehmann simply
ranked the securities on their returns in the most recent week. Subsequently,
he formed an artificial portfolio that was held over next seven days and
repeated the operation every week. What Lehmann (1990) found was that
the losers and winners displayed a sizable return reversal the following
week. The stocks with positive returns (winners) in the most recent week
typically recorded negative returns in the following week (ranging on
average from —0.35% to —0.55% per week). Conversely, those with nega-
tive returns (losers) in the prior week typically displayed positive returns in
the subsequent week (ranging from 0.86% to 1.24% per week on average).
Summing up, a contrarian strategy based on a zero-investment portfolio
which is long on both past losers and past winners generated abnormal
returns of over 2% per month. A very similar research to Lehmann’s
(1990) was later conducted by Jegadeesh (1990), who proved the
short-term reversal effective also within a monthly horizon, that is, apply-
ing both a monthly ranking period and a monthly holding period.

The short-term reversal effect was later verified in the US equity market
in alternative samples and time periods. The evidence was very supportive,
confirming the tendency of recent losers to outperform recent winners. !
Furthermore, Jacobs and Miiller (2017b) later reexamined the anomaly in
an extensive sample of 44 country stock markets for the years 1989-2015.
The research confirmed the effectiveness of the strategy both in developed
and emerging markets. Subsequent research indicates that the short-run
reversal exists not only on the level of individual stocks, but it could also
be implemented across industries. In other words, the industries that per-
formed particularly well (poor) over the last month are likely to turn into
the next month losers (winners) (Hameed and Mian 2015).7

¥ Campbell et al. (1993), Ball et al. (1995a), Conrad et al. (1997), Da and Schaumburg
(2007), Avramov ct al. (2006a, b), Huang ct al. (2010), de Groot et al. (2012), Nagel
(2012), Da et al. (2011, 2014a), and Cakici and Topyan (2014).

YWe should admit here the existence of some evidence casting doubt on the presence of
the short-term reversal effect. In particular, in less developed and frontier markets the short-
term reversal effect tends to transform into short-term continuation (Zaremba and Szyszka
2016; Zaremba and Czapkiewicz 2017; Zaremba 2017).
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Why would this strategy work? Why would the most recent winners
underperform the losers and so clearly contradict the momentum frame-
work? As usual, one reason is rooted in behavioral finance, while the other
in the underlying risk factors which initially might not appear obvious.
The behavioral explanation, supported by Shiller (1984), Black (1986),
Stiglitz (1989), Summers and Summers (1989), and Subrahmanyam
(2005), indicates that the payoffs to the short-run reversal stem from
investor overreactions, fads, and other cognitive biases. For example, if the
news of an attractive merger or exceptional contract stirs the market,
investors flock to buy the stocks, elevating the price. In the following
month, the arbitrageurs step in selling the stocks and restoring the equi-
librium. Analogously, when in one month investors sell a stock too rapidly,
it becomes undervalued in the eyes of more rational investors who, in
turn, buy it, causing a price increase the following month. This explana-
tion focuses on behavior, or sentiment, driven factors.

The Other Perspective Concentrates on Risk In essence, it refers to the price
pressure that can occur when the short-term demand curve of a stock is
downward sloping and/or the supply curve is upward sloping (see, e.g.,
Grossman and Miller 1988 or Jegadeesh and Titman 1995). For example,
according to Campbell et al. (1993), uninformed trades lead to a tempo-
rary price concession that, when absorbed by liquidity providers, leads to
a reversal in price that serves as compensation for those who provide
liquidity. To put it simply, there is a group of investors who in bad times
will lend the stockholders a hand and purchase the stocks they would like
to get rid of as quickly as possible. This help, however, comes at a price.
The helping buyers never want to overpay, and charge for providing the
liquidity. In the subsequent month, when the market stress is over, the
prices are likely to re-emerge, allowing the liquidity providers to capitalize
their profits.

Consistent with this mechanism, Avramov et al. (2006a, b) argued that
the short-run reversal strategy profits result mainly from positions in illiq-
uid and small stocks. Furthermore, Pastor and Stambaugh (2003) sug-
gested even directly measuring illiquidity by the occurrence of the initial
price change and subsequent reversal.

Interestingly, the two explanations are not necessarily mutually exclusive
which entails further questioning. For example, if the overreaction to new
information drives the reversal, then it would be interesting to identify the
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type of information. Analogously, if the reversal results from liquidity
shocks, one would like to know the absolute and relative natures of such
shocks. In this context, an interesting exercise was conducted by Da et al.
(2011), who decomposed the profits from the short-term reversal strategy
into four components related to (a) inter-industry return momentum, (b)
within-industry variation in expected returns, (¢) underreaction to within-
industry cash flow shocks, and (d) a residual component. By focusing on
the residual return, these authors were able to isolate the true driver of
return reversal, substantially improving the performance of the strategy.
Within their sample of US stocks for the period from 1982 to 2009, the
residual-based short-term reversal strategy—assuming sorting stocks based
on the prior-month residual return—delivered a monthly alpha of 1.34%
with a highly significant z-statistic of 9.28. This abnormal return was par-
ticularly impressive given that their sample included predominantly large
and liquid stocks covered by an equity analyst. For comparison, the classical
reversal strategy generated a monthly alpha of mere 0.33% insignificantly
differing from zero. Da et al. (2011) having conducted a few further tests
concluded that not only was the reversal effect much stronger than previ-
ously reported, but it also stemmed from a dual source: driven by liquidity
shocks on the long side and by investor overreaction on the short side.

The short-run reversal strategy seems sufficiently documented and sup-
ported by at least two credible explanations. The natural extending ques-
tion should be, then, can we improve it even further? Indeed, the finance
literature offers us a few tricks to enhance the short-run reversal
performance.

Trick 1. Beware of the trading costs. As it was found by Avramov et al.
(20064, b), the reversal profits tend to concentrate in small and illiquid
stocks, when bid-ask spreads are likely to be broad and transaction costs
elevated. Thus, de Groot et al. (2012) showed that once the trading
costs are taken into account, the reversal payoffs are likely to fall mark-
edly. However, limiting the stock universe to only large caps signifi-
cantly reduces the trading costs. What is more, when you apply some
more sophisticated portfolio formation algorithms, the decreased turn-
over might reduce the trading costs even further, improving the reversal
strategy post-cost performance.

Trick 2. Combine reversal with the momentum. Similarly, to the long-
run reversal, the short-term reversal could be also efficiently combined
with momentum. In particular, Zhu and Yung (2016) documented the
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magnitude of price reversals of short-term winners and losers as mark-
edly related to the past medium-term performance. In consequence,
short-term reversal strategies work best in the momentum-loser quin-
tile whereas momentum strategies excel in the short-term-winner
quintile. What Zhu and Yung (2016) have shown is that equity inves-
tors could yield higher momentum profits by considering short-term
performance.

Trick 3. Consider the volatilities. Wei and Yang (2012) showed the impor-
tance of not only size or liquidity, but also stock volatility. For small
companies, no reversals are observed when volatilities are higher, and
for large stocks, reversals prevail only in low-volatility stocks.?°

Trick 4. Focus on the residuals. Similarly, to momentum, the short-run
reversal may partly result from the returns on the underlying return fac-
tors, for example, value or size effects. In other words, the conventional
strategy displays dynamic exposures to the classical asset pricing factors.
As these factor bets are implicitly and inversely related to the actual
factor returns over the formation month, the short-run reversal strategy
might be negatively exposed to the short-term momentum effect in fac-
tor returns documented by, for example, Moskowitz and Grinblatt
(1999), Chen and De Bondt (2004), or Avramov et al. (2017). In con-
sequence, the dynamic factor exposures of a reversal strategy might
negatively influence its profitability. To overcome this problem, Blitz
et al. (2013a) have introduced a short-term reversal strategy based on
residual stock returns which does not only exhibit such dynamic factor
exposures but its returns are higher and substantially less volatile than
those of a conventional short-term reversal strategy, also maintaining a
very stable profitability over time.

The reversal strategies are interesting potential components of an
investment portfolio, although their recent results are somewhat mixed.
Definitely, although these approaches are based on mean historical returns:
the only varying variable is, in this case, sorting horizon. In the next chap-
ter, we will leave the mean aside and focus on the second moment of the
return distribution: variance. We will now explore the relation between
the risk measures derived from prices and future performance.

20See, also, Wei (2011).
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CHAPTER 4

No Pain, No Gain? The Puzzle of
Risk-Return Relationship

The relationship between price risk and future returns has become one of
the most fascinating and controversial issues in finance revolving around
one of the most profound questions in finance: are safe investment better
than risky ones? Although for over 70 years, researchers have strived to
understand the relationship, it still remains full of puzzles.

TaE Low-Risk ANOMALY

Although the common view is that risky investments should offer higher
expected returns, why is it so? Let us consider two companies with exactly the
same market value and financial situation, including expected profits, divi-
dends, and expected returns. Albeit nearly identical, the companies have a
single minor difference: one is a small, risky, and volatile, while the other
is big, sage, and stable. Which company would the investors prefer?
Unsurprisingly, the latter. This demand will clearly impact both the prices and
the expected returns as the investors will likely sell the volatile, risky stock and
buy the safe securities. Who wouldn’t when both deliver the same payoffs? As
aresult, the risky stock’s price will go down while the safe stock will strengthen.
If the financial prospects of the companies remain the same, and both compa-
nies continue to offer identical dividends, the cheaper, risky company will
eventually deliver higher returns than the more expensive safer business. What
will be the difference in returns? This value, showing the additional return the
investors expect on holding riskier assets, is called a “risk premium”.

© The Author(s) 2018 125
A. Zaremba, J. “Koby” Shemer, Price-Based Investment Strategies,
https://doi.org,/10.1007 /978-3-319-91530-2_4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-91530-2_4&domain=pdf

126 A. ZAREMBA AND J. “KOBY” SHEMER

The investigation of the risk-return relationship gave birth to a number
of illustrious models of which perhaps the best known is the capital asset-
pricing model (abbreviated CAPM, Sharpe 1964).! As a simple model, the
CAPM was invented by William Sharpe for three main purposes: to explain
the reasons for portfolio diversification, to create a framework for the valu-
ation of assets in conditions of risk, and to explain differences in the long-
term returns on various assets.? The CAPM laid the foundation for many
performance evaluation methods in investment portfolio management,
owing to its core assumption that volatility of any financial instrument can
be broken down into two parts: a systematic and specific risk. The system-
atic risk stems from general changes in market conditions and relates to
the volatility of the market portfolio, whereas the specific risk also relating
to volatility, however, driven not by the market but by the internal situa-
tion in the company. In other words, losses ensuing a market crash are
more of a systematic nature while the losses from an employee strike
belong to the specific risk category.

The CAPM model has vital implications for both portfolio construc-
tion and diversification. When building a portfolio, systematic risks of
individual stock simply add up; however, specific risks, not being corre-
lated, set each other off. Therefore, in a well-diversified portfolio, the
influence of the specific risk is generally negligible, and in a well-functioning
market, a rational investor may ignore the specific risk and concentrate
solely on the systematic part. Why would the investor even consider the
specific risk if it could be easily diversified away at no cost?

This important implication of the CAPM model—stating that the
investors should be only compensated for the systematic risk because the
specific risk can be easily and almost entirely eliminated—is reflected in its
elementary equation:

R,=a,+R, +p

.(Rm, -R

oy “.1

rm,i

where R;;, R,,,, and R, are returns on the analyzed security or portfolio
the market portfolio, and risk-free returns at time # and «; and p,,,; are

'"The detailed characteristics of the Sharpe model was extensively presented in a number of
financial textbooks, for example, Francis (1990), Elton and Gruber (1995), Campbell et al.
(1997), Cochrane (2005), or Wilmott (2008).

2Treynor (1961, 1962), Lintner (1965a, b), and Mossin (1966) developed a similar model
at the same time, so all four of them, including Sharpe (1964 ), are now considered to be the
fathers of the CAPM model.
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regression parameters. f,,,; is the measure of the systematic risk. It informs
us how aggressively the stock reacts to the changes in prices in the broad
market. Basically, the CAPM formula implies that the excess returns on the
investigated security or portfolio should increase linearly with the systematic
risk measured with beta: the higher the risk, the higher the expected return.

In summary, the fundamental assumption of the CAPM is the existence
of a positive relationship between the systematic stock market risk mea-
sured with betas and the expected returns, which was initially identified by
a series of tests in the US stock market.? Although the CAPM is built upon
the modern portfolio theory, under which investors should diversify risk by
holding a portfolio of various stocks, the portfolios, for various reasons,
often end up poorly diversified (Goetzman and Kumar 2008). In such
portfolios, the idiosyncratic volatility, that is, the volatility not stemming
from broad market fluctuations, should positively correlate with the
expected returns in the cross-section analysis. This was originally proven by
both theoretical analysis and empirical evidence confirming that securities
with higher idiosyncratic risk yield higher average returns.* As both the
systematic and idiosyncratic risks make up total volatility, this total param-
eter should also positively correlate with returns. Several studies have con-
firmed this assumption showing the risk measures related to the total
variability as positively correlated with the expected returns. For instance,
Bali and Cakici (2004) found a strong positive link between the average
returns and value at risk (VaR), which proved robust against different
investment horizons and various levels of loss probability. In addition, Ang
et al. (2006a) focusing on the downside risk showed that a cross-section
analysis of stock returns reflected a significant downside risk premium.®

However, many other research studies directly contradict these theo-
ries, pointing to the phenomenon called a “low-risk anomaly” (Ang 2014,
p. 332), indicating this relationship to be frequently reversed: in other
words, safer investments generate higher returns whether risk-adjusted or
even raw.

The evidence for this anomaly has been pouring in from numerous
studies conducted since its first discovery. In 1970 Friend and Blume
examined the stock returns for the period 1960-1968 with the use of both

3Examples include Black et al. (1972), Fama and MacBeth (1973), Blume (1970), Miller
and Scholes (1972), and Blume and Friend (1973).

*See Levy (1978), Tinic and West (1986), Merton (1987), and Malkiel and Xu (1997,
2004).

>The issues discussed in this section have been also described in Zaremba (2016a).
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the CAPM beta and volatility. In the summary the researchers concluded
that “risk-adjusted performance is dependent on risk. The relationship is
inverse and highly significant” (Friend and Blume 1970). Shortly after-
ward, this observation was confirmed by Haugen and Heins (1975), who
analyzed the US stock market in the period between 1926 and 1971,
concluding that “over the long run, stock portfolios with lesser variance in
monthly returns have experienced greater average returns than their ‘risk-
ier’ counterparts” (Haugen and Heins 1975). Also, as a predictor of stock
returns, market beta appeared far from ideal. Probably the first challenge
was posed by Jensen et al. (1972) who wrote that despite the positive cor-
relation between beta and returns, it was probably “too flat” compared to
the CAPM predictions, which results in abnormal returns on low-beta
stocks. The relevance of the CAPM was finally questioned by a seminal
research of Fama and French (1992) who proved that when considering
the size and value effects, “beta shows no power to explain average
returns” (Fama and French 1992). These studies gave birth to further
studies supplying plenty of evidence on the relationships between risk and
future returns in the US and other international equity markets.®

MEASURING THE Risk

Risk in investing is usually defined as the unpredictability of future returns
and measured in various ways. Most recent studies conclude that the risk-
return relationship is rather negatively correlated. At the same time, stud-
ies considering downside risk or VaR lead to contradictory conclusions.
Let’s shortly review the most popular measures employed in low-risk
investing.

Standarvd Deviation

As one of the most popular measures of risk in finance, standard deviation
reflects the situation when we buy a bottle of Coke of precisely 1 liter, yet
as it happens one bottle contains slightly less, say 0.98 liter, while the other

°For the US equity markets, see Black (1993), Haugen and Baker (1991, 1996),
Falkenstein (1994), Chan et al. (1999), Jagannathan and Ma (2003), Clarke et al. (20006),
Angetal. (2006b), and Clarke et al. (2010); for global equity markets, see Blitz and van Vliet
(2007), Ang et al. (2009), Baker et al. (2011), Dimitriou and Simos (2011), Baker and
Haugen (2012), Blitz et al. (2013b), and Walkshausl (2014a, b).
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slightly more, for example, 1.01 liter. The measure of the actual amount of
Coke above and below the 1-liter requirement is the standard deviation.

Whenever investors evaluate the past returns, the standard deviation
tells them how the returns on average disperse around the mean. Most
frequently market practitioners calculate the measure on an annual basis,
investigating how much the yearly returns on average deviated from the
annual mean.

A commonsense intuition would dictate that the higher the standard
deviation, the higher the expected returns, simply because investors
favor stable stocks over volatile stocks, thus making them cheaper, which
leads to higher expected returns. This could not be further from the
truth. Based on the existing evidence, the relationship between the stan-
dard deviation and future returns gravitates toward the negative correla-
tion, irrespective of the calculation method. To this conclusion, Blitz
and van Vliet sorted stocks on the past three-year volatility, derived from
monthly returns, and researched the performance of the international
stocks in the FTSE World Index throughout the 1985-2006 period.
The researchers found the decile portfolio of low-volatility companies
outperforming the same portfolio of high-volatility companies on aver-
age by 5.9% per annum.

In 2011, Baker et al. examined quantile portfolios formed on the stan-
dard deviation of monthly returns using the date from the past five years.
Having tested the US companies within the 1968-2008 period, they
arrived at a similar conclusion: the high-volatility stocks underperformed
the low-volatility stocks by 11.2% annually.

Finally, van Vliet et al. (2011) compared the performance of volatile
and safe stocks under various methodological choices, considering various
capitalizations, sorting period, and risk measures, which also confirmed
the profitability of the low-volatility approach as robust compared to
numerous methodological variations.

This anomaly is not only a stock market phenomenon, but it has been
confirmed to expand over corporate bond markets, treasuries, and
commodities.” However, in some universes, the low-volatility anomaly is

’The evidence is provided in the following studies: for commodities, Blitz and de Groot
(2014) and Szymanowska et al. (2014); for treasury bonds, de Carvalho et al. (2014),
Zaremba and Schabek (2017), and Zaremba and Czapkiewicz (2017a, b); for corporate
bonds, Houweling et al. (2012), de Carvalho et al. (2014), Houweling and Zundert (2014),
and Ng and Phelps (2015). Some papers also find evidence for the low-volatility effect
appearing in country equity indices, but this evidence is not very convincing. It rather seems
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hardly a reliable phenomenon. Analyzing the risk-return relationship across
country equity indices, in 2010 Bali and Cakici examined returns from 37
countries within the period from 1973 to 2006. The authors formed tertile
portfolios composed of country equity indices from sorts on total volatility
on a monthly basis to discover risky countries markedly outperforming safe
markets. For instance, when computing daily returns volatility over the six-
month period, the portfolio of the safest countries earned on average 0.81%
a month, while the portfolios of most volatile countries delivered the mean
return of 1.45%. In all the variants, the volatile portfolios would always
outperform the stable portfolios by at least a half of the percentage point.
In other words, the low-volatility anomaly seems nonexistent at the country
level because the higher the risk grows, the higher the returns follow.®

Systematic Risk Market Risk

The total volatility of a given security may be split into two basic parts,
derived from the underlying source. Systematic risk—the first category—
results from market-wide price swings and correlates with changes in
interest rates, pricing of credit risk, fluctuations of the business cycle, and
so on. The other category, idiosyncratic (or specific) risk, contrary to the
systematic risk, relates to a single security and reflects its products, people,
operations, and other firm-specific activities, as well as the company-spe-
cific share related demand and supply patterns.

Using appropriate econometric tools, we can split the two types of risk
and easily attribute the extent to which the two categories of risk contrib-
ute to the firm’s overall risk. The systematic part is usually calculated with
beta, which econometrically is the regression coefficient of the portfolio
excess returns on the excess returns on the market portfolio. As men-
tioned in the momentum section, simply speaking, beta expresses how
aggressively the stock prices change in response to the market-wide fluc-
tuation. Risky, high-beta stocks fluctuate more than the market tending to
rise higher in the bull market and fall more rapidly in the bear market. A
stock with a beta of two would be expected to rise twice as much as the

in line with the theoretical expectations of the classical models; these are the risky markets,
which vyield higher returns. In early 1996, Erb et al. compared the returns and volatilities
across a panel of 28 equity market indices within the years 1979-1995. They discovered the
relation between these two metrics rather weak, albeit generally positive, particularly among
the emerging equity markets.

8See Liang and Wei (2016) and Zaremba (2016b) for further evidence.
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market during upward moves, but then to decline also twice as much dur-
ing price market-wide price decreases.

Under the CAPM, beta is the core determinator of securities’ expected
returns where higher beta means higher future returns which intuitively
seems very understandable. The reality, however, proves to be rather sur-
prising. Since Frazzini and Pedersens’ comprehensive research (2014), we
know that this simplistic risk-return relation is very far from true.

In their seminal paper of 2014 titled “Betting Against Beta”, Frazzini
and Pedersen questioned the relation between systematic risk and future
returns. Having formed portfolios of different securities based on their past
beta measures, they discovered that the low-beta assets delivered, actually,
markedly higher risk-adjusted returns, or so-called alphas, than the risky
high-beta assets, which visibly underperformed. The phenomenon turned
out to be not only astonishing but also strikingly pervasive. Frazzini and
Pedersen identified this phenomenon not only in 19 out of 20 country
equity markets but also across plenty of other asset classes, just to mention
treasuries, equity indices, credit indices, sovereign bonds, commodities, and
currencies. Throughout all these markets, the lower risk turned out to be
associated with higher risk-adjusted returns! Furthermore, in another study
Asness et al. (2014) revealed that the profitability of low-beta investing is
not a simple consequence of industry bets which favor stable industries.

How convincing is the evidence delivered by Frazzini and Pedersen can
be also seen in Fig. 4.1. For modeling and asset-pricing purposes the
authors also designed a factor portfolio, essentially a long-short portfolio
of stocks ranked by their beta. The long side of this trade comprised low-
beta stocks while the short side the high-beta stocks. While the short side
was additionally deleveraged, the long side was leveraged so that they both
had the same systematic risk level: the portfolio’s beta equal to one. In
consequence, the beta of the entire long-short portfolio should amount to
zero, implying the lack of any abnormal returns. Figure 4.1 details the
performance of the long-short betting-against-beta (BAB) portfolio
plotted against the market portfolio. Finally, the cumulative profit on the
BAB portfolio composed of global stocks in years 1987-2017 reached
over 1300% exceeding more than five times the total excess return on the
value-weighted market portfolio of global stocks. Furthermore, the out-
performance was consistent and stable in time.

At the country level, however, the picture loses its clarity. In respect of
country equity indices, the relationship between beta and the returns
seems rather weak, if not downright nonexistent. Although Frazzini and
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Fig. 4.1 The profitability of the betting-against-beta portfolio (%). (Note: The
figure depicts the cumulative excess returns on the betting-against-beta portfolio
and on the capitalization-weighted global portfolio of global stocks from 24 inter-
national markets in the period from February 1987 to August 2017. The underly-
ing data is sourced as of 17 September 2017 from the website of QR Capital
Management, LLC: https://www.aqr.com/library/data-sets/. Copyright ©2014
Andrea Frazzini and Lasse Heje Pedersen)

Pedersen (2014) argued the low-beta markets outperformed the high-
beta markets, their study covered merely 13 indices from the developed
markets. Also, other studies have struggled to confirm any relations
between past beta and index returns. Bali and Cakici (2010), who exam-
ined 37 countries in the 1973-2006 period, identified no reliable relation
between past beta and future returns. The authors showed the tertile port-
folio of high-beta markets with raw returns per month 0.13%—-0.29%
higher than in the low-beta portfolio. The outperformance, however, was
still too small to be statistically significant. Similar results were also reached
in other studies which relied on even broader and fresher samples.’

Idiosyncratic Risk

While the systematic risk is what equally affects all the companies in the
market, the idiosyncratic risk is company specific and could be also viewed
as the difference between the market volatility and the systematic risk.

?See Liang and Wei (2006) or Zaremba (2016b).
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Although the idiosyncratic risk could be calculated using various models,
let us begin with the simple CAPM. In the CAPM framework, the idiosyn-
cratic risk should never be priced; in other words, it should not be the
determinant of expected future returns. Why? The company-specific risks
are by definition uncorrelated, so substantial diversification benefits could
be achieved by holding even a relatively small number of various securi-
ties.1? After all, why the investor should be rewarded for the risk that could
be so easily eliminated?

Alas, the existing evidence on how the idiosyncratic risk is actually
priced in the market is not that straightforward. Indeed, some studies
document a positive relationship between the future returns and idiosyn-
cratic risk!* with the more recent evidence showing the relationship as
rather negative: the higher the idiosyncratic risk, the lower the return.

A seminal study on the impact of the idiosyncratic risk on future profits
was carried out by Ang et al. in 2006. The authors examined the perfor-
mance of quantile portfolio formed by ranking stocks on their idiosyncratic
volatility in the US equity market within the years 1963-2000 to discover
the securities with the top idiosyncratic volatility measured over the past
month underperforming by as much as 12.7% per year compared to the
low-risk stocks. In their later study conducted in 2009 (Ang et al. 2009),
the authors extended their research sample to other international markets
only to find that this surprising pattern works not only in the USA but also
in many other countries. For instance, in Europe the risky stocks underper-
formed the safe by 4.9%, and in Asia by 3.2%. Thus, investors should avoid
all high-idiosyncratic risk stocks!'? bearing in mind that a similar pattern has
been also found in other asset classes, for example, commodities.!?

Interestingly, the idiosyncratic volatility tends to perform differently at
the portfolio level than in s individual stocks. The majority of research points
to the risky (volatile) countries as yielding higher returns compared to the
safe national markets. For instance, in 2015 Umutlu examined the payoffs
on 23 local country indices sourced from Thomson Reuters and found the
tertile portfolio of the stock market indices with high country-specific risk
producing higher returns than the safe countries in the years 1973 to 2011,
with the difference ranging from 0.21% to 0.37% dependent on the

19A review of relevant studies is provided by Alexeev and Tapon (2012).

1See Merton (1987) and Malkiel and Xu (2004).

2For further evidence, see Bali and Cakici (2008), Fu (2009), Clarke et al. (2010), van
Vliet et al. (2011), and Fink et al. (2010).

13Sce Bernard et al. (2013), Fernandez-Perez et al. (2014), or Fuertes et al. (2015).
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methodological choices. Still, the outperformance was regarded too small
to be statistically significant. However, according to a prior study by Bali
and Cakici, who examined 37 countries from 1973 to 2000, the low-risk
countries outperformed high-risk countries by around 0.50% per month.

What is the source of this difference? The reason may lie in the sample:
the idiosyncratic volatility determines future returns better in illiquid and
small markets rather than in large and liquid environments. While Umutlu
focused predominantly on the developed markets, Bali and Cakici (2010)
extended their reach to emerging markets. Given that the cross-country
capital mobility constraints make diversifying across emerging markets
much more difficult for an average country-level investor, it should come
as no surprise that taking up the idiosyncratic risk is primarily rewarded in
the undeveloped markets.

Following this reasoning, in his recent study Zaremba (2016b) designed
a portfolio from two-way independent sorts on both idiosyncratic volatil-
ity and stock market capitalization. The broad sample covered 78 national
stock markets, including developed, emerging, and frontier markets, for
the period 1999-2014. Zaremba documented the spread in returns
between the risky and safe countries growing much wider within the small
markets. In the class of small countries, the markets with high-idiosyncratic
risk outperformed the markets of low risk by 1.20% per month whereas in
the medium and large markets the differences amounted to only 0.39%
and 0.50%, respectively. The detailed returns on the nine size-risk portfo-
lios are reported in Fig. 4.2.

However compelling it may look, in a real world profiting from the
performance of the portfolios formed on idiosyncratic volatility within the
small markets may pose a significant challenge. First, the markets are truly
small, with far less developed investment infrastructure than in the USA,
Japan, or the eurozone; thus, quickly shifting capital between countries
might cause problems. Second, the volatility of the strategies adopted in
small markets also rises markedly.!*

In idiosyncratic volatility crucial is the method of measurement. Among
various approaches and nuances in methodology, the following three
questions remain crucial:

1) What is the data frequency? In most research papers, the idiosyn-
cratic volatility is measured either based on daily or monthly returns.

“Further evidence on the relationship between idiosyncratic volatility and future returns
in the cross-country section can also be found in Hueng and Yau (2013).
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Low idiosyncratic volatility
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Big

Fig. 4.2 Performance country portfolios from sorts on idiosyncratic volatility

and size. (Note: The figure reports mean monthly excess returns (expressed in

percentage) on portfolios from double sorts on idiosyncratic volatility and total

stock market capitalization within the sample of 78 countries for years 1999-2014,
self-developed based on the data from Table 3 in Zaremba’s research (2016b))

2) How long is the lookback period? The ranking period is generally
linked to the data frequency: for high-frequency data (e.g., daily),
the sorting periods tend to be short (e.g., a month); for monthly
data, the ranking periods usually approach two or three years.

3) Which model is used to estimate the idiosyncratic volatility? Among
many approaches, we present the most practical below.

The most common method in the literature for estimating the idiosyn-
cratic volatility is employing a broadly acknowledged asset-pricing model
with the CAPM model as the simplest but not the only option. As pre-
sented in the momentum section, the Fama-French three-factor model
also captures the value and size eftects within the stock market. The model
is based on three major factors driving equity returns: market excess
return, representing the market risk factor; the return small-minus-big
portfolio return, related to the small-firm effect in the equity market; and
the return on the high-minus-low portfolio, representing the relative per-
formance of the value stocks vs. the growth stocks. The three-factor model
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implies that these three effects account for a large portion of the cross-
sectional differences in stock market returns with the idiosyncratic risk
showing us the measure after controlling for these risk factors.

To control for even more risk factors, we should follow the example of
Carhart (1997), who also included the momentum factor:

R,-R;, = App; t+ BMKT,iMKTr + ﬂSMB,iSMBt

v (4.2)
+ ﬂHML,iHMLt + ﬂUMD,iUMDt + gi,t

where SMB, HML,, and UMD, are factor returns corresponding with size,
value, and momentum effects in month #, respectively; arz;, Paxris Psunis
P, and Puupr,; are the model’s parameters; and ez, is the residual from
the model. The SMB, is the return on a diversified long-short portfolio
which is long (short) in the small (large) countries, industries, or compa-
nies, and the HML, return is based on long-short portfolios which are
long (short) in the high (low) book-to-market (abbreviated as BM) port-
folios, identically as in the Fama-French three-factor model. The fourth
factor, UMD, is the return on the long-short portfolio which goes long
(short) the securities with the highest (lowest) past return.

Finally, we can also adopt the recent five-factor model of Fama and
French (2015). Compared to the Carhart’s model, the five-factor model
disregards the UMD, and the momentum factor but adds another two fac-
tors representing investment and profitability:

Ri,t - Rf,t =0, t+ rBMKT,iMKTt + ﬁSMB,iSMBt + ﬂHML,iHMLt

4.3)
+ﬂRMW,iRMW/t +BCMA,I'CMAI +gi,t

while the SMB, and HML, factors are identical as in the four-or three-
factor model, whereas the RMW, and CMA, factors are innovations. The
RMW, refers to the robust-minus-weak portfolio, which is a diversified
long-short portfolio, going long (short) the profitable (unprofitable
stocks). The gross profitability, interpreted as a ratio of gross profits to
assets, is in this case most frequently used as a proxy for profitability. The
model relies on numerous studies indicating that profitable companies
tend to outperform non-profitable ones.!® Another factor relates to the

5 For references on various measures of profitability, see, for example, for the gross-profit-
ability, Novy-Marx (2013); Fama and French (2006), Balakrishnan et al. (2010), and Kogan
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conservative-minus-aggressive (abbreviated CMA) portfolio, which is
long (short) the stocks conducting few (a lot of) investment. It stems from
the observation that firms with conservative investment policy tend to
underperform companies with an aggressive investment policy.'® As the
five-factor model very well describes the cross-section of returns, it can be
also successfully used to estimate the idiosyncratic risk.

However, in the case of the multifactor models used to estimate the
idiosyncratic volatility, it is crucial to mind the source of the data for the
models. Anyone trying to calculate the idiosyncratic risk based on the
models will need two inputs: (1) returns on the given securities and (2)
returns on the asset-pricing factors for the model—SMB, HML, UMD,
and so on. While the first item seems relatively easy to obtain—based on
the stock prices and dividends paid—the second may first appear more
sophisticated. While computing the factor returns is both time consuming
and data demanding, luckily, the factor returns for the majority of devel-
oped countries are readily available from at least two credible sources:
from the personal website of Kenneth R. French, a long-time research
partner of the Nobel laureate Eugene Fama,!” and from the AQR website!®
operated by AQR Capital Management, an investment management com-
pany strongly tied to academia and founded by Clifford Asness. As very
reliable, stable, and regularly updated both sources can be of great use for
individual research.

Having discussed the alternative model used to estimate the idiosyn-
cratic volatility, we must acknowledge here another option: of using no
model. As proposed in a few studies, the “model-less” approach to com-
puting the idiosyncratic risk defines it as a volatility of excess returns over
the average of all of the assets in the sample.!” This measure, however
simple, works properly.

and Papanikolaou (2013); for ROE, Haugen and Baker (1996), Chen et al. (2011a), and
Wang and Yu (2013).

16For evidence, see Lakonishok et al. (1994 ), Chan et al. (2001), Fairfield (2003), Titman
et al. (2004), Eberhardt et al. (2004), Gu (2005), Anderson and Garcia-Feijoo (2006),
Cooper et al. (2008), Hirshleifer et al. (2013), and Lou (2014).

7http://mba.tuck.dartmouth.edu/pages/faculty /ken.french /data_library.html.

Bhttps://www.aqr.com/library /data-sets.

1 For further readings on these types of measures, see Goyal and Santa-Clara (2003), Bali
et al. (2005), Bekaert et al. (2012), Garcia et al. (2014 ), Verousis and Voukelatos (2015),
and Kim and Lee (2017).


http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html
https://www.aqr.com/library/data-sets
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Although the methods vary greatly in approach and sophistication, the
final results point to the same conclusion: the more idiosyncratic risk, the
poorer the return.

VaR

VaR is another straightforward risk measure to have gained in popularity in
recent decades as a useful statistical tool to quantify financial risk in invest-
ment portfolios. Its strength lies in its simplicity: it could be expressed in a
single intuitive number. Also, it could be defined either in absolute terms
(value, e.g., in US dollars) or in relative terms (percentage). Formally, VaR
is defined as “an estimate of a loss over a fixed time horizon that would be
equaled or exceeded with a specified probability” (Alexander and Sheedy
2004, p. 76). A portfolio manager may determine to have 1%-month VaR
of 20%, accepting a 5% chance of the portfolio losing more than 20% of its
value in any given month. In other words, the loss of 20% or more is
expected to occur every 100 months.

In practice, VaR usually comes in three possible variants (Jorion 2007,
pp. 241-264):

e Historical VaR, based on the past track record

* Monte Carlo VaR, using simulation methods

e Analytical VaR, assuming normal, or log-normal, distribution of
rates of return, using standard deviations and correlations

From the investor’s point of view, the VaR can report on risk character-
istics that escape many classical measures, including the standard deviation
as the VaR concentrates on the tail risk, that is, the risk of extreme negative
events, which is hardly captured by simpler volatility measures.
Consequently, it would be possible to verify whether this risk is priced in
by investors or, in other words, whether investors demand higher returns
for the stocks with high VaR.

This very question was posed in 2004 by Bali and Cakici. The pair
tried to find any relationship in the US market between VaR and future
returns in years 1965-2001 and finally succeeded. Having simplified VaR
to a percentile of past returns, Bali and Cakici then sorted the stocks into
decile portfolios based on their metric. As a result, the decile of stocks
with the highest 5% VaR outperformed the decile of stocks with the low-
est 5% VaR by 0.96% per month. These abnormal returns resulted from
the specific methodological choices of the VaR calculations. Subsequent
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studies confirmed this cross-sectional pattern also in Taiwan or Pakistan,
and among other asset classes, like hedge funds.?’

Importantly, the stock-level return pattern related to VaR seems analo-
gous at the level of country equity indices, particularly among small coun-
tries which resembles the role of the idiosyncratic risk at the individual
stock level. According to a study by Zaremba (2016b), to test returns on
78 markets in the 1999-2014 period, the high VaR markets indeed yielded
higher returns than the low VaR markets. The results, however, were
driven by a modest number of extremely small countries, so in effect the
anomaly might prove difficult to turn profitable. Furthermore, the anom-
aly appeared so weak that it finally disappeared completely in different
portfolio weighting schemes (Zaremba 2015).

Exposure to Non-market Risk Factors

While we focused entirely on the systematic exposure to the market risk
when describing the low-beta anomaly, finance literature also offers other
definitions of systematic risk. Ang et al. (2006a, b) first recognized the
importance of the exposure to total volatility risk pointing out that when
sorting stocks on the beta of all of the stocks in the market, the high-beta
stocks underperformed the low-beta stocks. In other words, the
low-volatility anomaly emerged not only for the classic volatility but also
in the exposure to aggregate volatility.?! Notably, an interesting concept is
also the “bear beta” proposed by Lu and Murray (2017), measuring the
exposure to the bear market risk. Also this variable displays significant cor-
relation with future returns.

Other risk factors applicable here may seem even more exotic. For
instance, Huang and Miao (2016) sorted the markets on the exposure to
the oil risk, that is, a regression coefficient of stock returns on light sweet
crude oil future returns to find the stocks with the low oil risk outperform-
ing the equities with high oil risk. The final difference may also lie in the
very process of calculating beta. Here again Ang et al. (2006b) proved the
importance of not generic beta but a “downside beta”, that is, the beta
coefficient calculated based on only negative returns as a variable strongly
indicative of the future returns.

20For Taiwan, Chen et al. (2014); for Pakistan, Iqbal et al. 2013, Igbal and Azher (2014);
and for hedge funds, Bali et al. (2007).

2 For various measures, see Goyal and Santa-Clara (2003), Bali et al. (2005), Bekaert et al.
(2012), Garcia et al. (2014), Verousis and Voukelatos (2015), Kim and Lee (2017), and
Zaremba and Andreu Sanchez (2017).
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Non-price Risks

Concentrating on price-based investing, we have now discussed predomi-
nantly the risk measures that could be obtained based on prices and
returns. Some investors, however, may also want to take a broader look
including the non-price risks, at least for robustness purposes, to investi-
gate the extent the risk-return relationships hold under different mea-
sures. Can the low-risk anomaly—heretofore emerging as one of the
dominant forces shaping the future returns—be proxied with non-price
indicators? It can be done.

Looking at the discussion of “quality investing” within the framework
of fundamental investing, we can see the highlighted relation between the
fundamental quality of a company and its future stock market perfor-
mance. At first, it seems only rational to assume that investors should be
willing to pay more for companies displaying higher quality characteristics.
Consequently, higher prices should imply lower expected returns. To put
it simply: the higher the quality, the lower the returns.

Still, a substantial part of recent publications seems to indicate that quality
is not fully priced in, proving that historically quality stocks outperformed
low-quality securities. This counterintuitive phenomenon has been confirmed
by many studies and led to many ways of understanding quality through, for
example, credit standing, leverage, growth, accruals, or profitability.??
Furthermore, the synthesized measures of quality, which integrate a range of
various metrics, appear to be positively correlated with future returns.

Interestingly, at the level of countries, the relationship between returns
and “fundamental risks” appear more “traditional”—when allocating asset
across countries, investors are exposed to various risks and “shocks” related
to currency devaluation, coups, expropriation, or regulatory changes
(Bekaert et al. 1996; Dahlquist and Bansal 2002a, b), which seem particu-
larly timely nowadays when the global financial turmoil has forced many
governments to seize the assets of its citizens, and military conflicts and
political instability spread chaos across numerous countries in Africa,
Europe, and the Middle East.

22For evidence, see, for leverage and credit standing, Penman et al. (2007), Campbell et al.
(2008), Hahn and Lee (2009), and George and Hwang (2010); for growth, Mohanram
(2005); for accruals, Sloan (1996), and Richardson et al. (2005); for balance sheet liquidity,
Palazzo (2012); for profitability, Griffin and Lemmon (2002 ), Fama and French (2006), and
Novy-Marx (2013); and for aggregated measures, Asness et al. (2017).
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What is then the role of these alternative risks in the international port-
folio? If posing real threats to the investor’s wealth should also be rewarded
with additional payoffs. Indeed, according to many researchers, these
political, financial, and economic risks are priced in at the country level,
making investments in riskier countries associated with higher expected
returns. This phenomenon was investigated in an article by Erb et al. pub-
lished in 1995. Having examined the impact of country credit risk, the
authors proved it a powerful predictor of future returns, especially within
emerging markets. After forming quartile portfolios based on the
Institutional Investor’s semiannual surveys, the researchers calculated
mean returns in the 1980-1993 period, having based their analysis on 40
markets, both developed and emerging. As a result, the quartile portfolio
of the riskiest countries delivered returns on average 11.6 percentage
points higher per annum than the safe markets. Still, across the developed
markets the differences in returns were relatively small being driven pre-
dominantly by the emerging markets. While the lowest credit-risk
emerging-market portfolio earned on average only 7.9% per year, the riski-
est markets delivered the mean annual return of 34.3%, with a very similar
level of volatility for both portfolios. In other words, Erb et al. (1995)
strongly reinforced the concept of the high sovereign credit risk providing
additional premium for global equity investors. Nonetheless, their rela-
tively short study period and the lack of reliable robustness tests may still
be considered as its weakness.

One interesting contribution was also made by Zaremba (2016¢) by
employing the risk measures calculated by the Economist Intelligence
Unit and future returns on country equity indices. The study focused on
both composite risk assessments and component risks related to sovereign
credit, currency, banking sector, economic structure, and political situa-
tion. Zaremba found the equal-weighted portfolio of risky countries out-
performed the safe countries by approximately 0.50 percentage points per
month. Although the general conclusion was clear—the higher the risk,
the higher the return—the application of this cross-sectional pattern still
posed a significant challenge for general investment practice. The abnor-
mal performance proved insignificant for capitalization-weighted and
liquidity-weighted portfolios as well as within many other subgroups
across the sample with the profitability completely disappearing in the
years following the global financial crisis. Summing up, the fundamental
evidence seems to support the observations from the price-based universe.
For individual equities, the low fundamental quality is associated with



142  A. ZAREMBA AND J. “KOBY” SHEMER

higher returns, as it is the case with the low-risk anomaly in the price-
based world. At the index level, the high-risk assets tend to deliver higher
long-run returns—with the risk measured either with price-based or fun-
damental indicators.

In the case of individual stock returns, the low-risk anomaly stands out
a powerful cross-sectional pattern showing that both low-volatile and low-
beta companies grossly outperform their risky counterparts. At the coun-
try level, however, a similar effect is hardly so evident, in fact, the link
between beta and returns appears very weak against the predictions of the
CAPM, even if the idiosyncratic risk is rewarded with higher profits.??

Way THE Low-Risk ANOMALY Exists?

To recognize the nature of these discrepancies, and to determine the
applicability of the risk-based strategies at the country level, we should first
better understand the root cause of the low-risk anomaly. The explanations
fall into two main categories: (1) investors’ behavior and psychology and
(2) limits to arbitrage.

Within the behavioral finance framework, a few phenomena seem to
explain the low-risk anomaly.

Preference for Lotteries Both lotteries and roulette wheels are great mani-
festations of this simple truth: people love gambling. Although casinos are
widely recognized for negative expected returns, as players on average lose
the bet, gaming houses have had their clientele for centuries.

In many respects, buying volatile individual stocks resemble a lottery,
with securities used as betting instruments. Although to a large extent this
phenomenon results from the skewness of return distribution, it is, at the
same time, strongly linked to volatility (Mitton and Vorkink 2007; Boyer
ct al. 2010).%* If a start-up high-tech company fails, we can lose all our
investment, but if it becomes another Microsoft, the stock price can rise
exponentially. As in general, individual investors show clear preference for
such low-priced, volatile, lottery-like stocks (Kumar 2009); this has

23 This section has been inspired and sourced from Zaremba and Shemer (2017).
**Interestingly, some studies argue low-volatility anomaly to be just a manifestation of vari-
ous skewness related eftects; see, for example, Schneider et al. (2016).
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reflected in high demand and, thus, inflated prices of these lottery-like
securities as indicated by an array of circumstantial evidence.?®

Perhaps the most seminal paper attempting to explain the low-beta
effect with the lottery demand was published by Bali, Brown, Murray, and
Tang in 2017. In their study, these authors implemented the low-beta
strategy after controlling for the lottery demand. They did it by various
ways, for example, by neutralizing the lottery demand before sorting the
stocks or including lottery factors in their regression specifications. Once
the lottery demand was controlled, the low-beta strategy was no longer
profitable. In other words, when we account for the preference for lotter-
ies, the low-beta anomaly ceases to exist. This evidence provides a serious
support for the lottery-based explanation of the low-risk effect.

Representativeness As we have already discussed representativeness in the
momentum chapter, let’s only refer to the experimental story of Linda
who was assumed by most interviewees to be a female activist although it
was certainly not the most probable proposition. Does the representative-
ness bias relate to the low-volatility anomaly? Clearly, Baker et al. (2011)
did argue to that effect. Considering a substantial investment in poten-
tially another Apple or Microsoft, that is, a risky high-tech company which
may dominate and their stock price surge by thousands of percentage, a
layman investor might feel inclined to buy such risky and volatile stocks,
ignoring the fact that only a few such investments prove finally successful.
This excessive irrational demand drives the overpricing.

Overconfidence As another mighty behavioral phenomenon, overconfi-
dence leads us to believe we know more than we do.?¢ According to the
classic example, 93% of US car drivers place themselves above the median
when assessing their own driving skills (Svenson 1981) which is naturally
unlikely from the mathematical standpoint. Stock market investors can
hardly be free from such widespread overconfidence which can only prove
detrimental to their long-term performance as overconfident investors
tend to trade more than others, and the additional trades generate no bet-
ter performance but only higher transaction costs.

% See, for example, Tversky and Kahneman (1992), Barberis and Huang (2008), or Bali
etal. (2011).
26 Seminal papers on this issue include Fischhoff et al. (1977) and Alpert and Raiffa (1982).
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Overconfidence may also impact investors’ predictions of future returns
or their judgment of companies’ financial standing. When asked to esti-
mate the population of Massachusetts and to provide a 90% confidence
interval most responders tend to give too narrow responses, proving thus
the prevalent tendency to make estimates markedly more accurate com-
pared to the factual knowledge (Baker et al. 2011).

Why overconfidence produces undesired effects in the stock market?
When valuing stocks, an overconfident investor may be unrealistically
optimistic, risk blind and forming overly optimistic, precise predictions.
This is particularly visible in more uncertain outcomes, for example, in
returns on volatile equities (Baker et al. 2011). In consequence, the over-
confidence effect may eventually lead to overpricing risky stocks and, thus,
to their lower long-run return (Cornell 2009).

Greed and Envy One of the most profound assumptions of the traditional
financial models, including the CAPM, state that equity investors aim to
maximize their personal wealth, making no allowances for the wealth of
others. To put it differently: it is not how much others have, but how
much I have. At the first glance, the difference may seem subtle as the
growth of absolute wealth usually goes hand in hand with the growth of
the relative wealth. Nevertheless, there are some marginal discrepancies
that, in the end, may lead to substantial differences in pricing of financial
assets in stock markets.

In practice, however, real investors usually behave slightly different:
contrary to the CAPM assumptions, many happiness studies have proven
the relative gain as much more important than the absolute wealth?” with
perhaps the most well-known study, the Easterlin Paradox, first conducted
by Richard Easterlin in 1974, according to which happiness within a soci-
ety is largely unaffected by the level of absolute wealth growing over time.
Another intriguing manifestation of the relative utility concept was discov-
ered in 2011 by Frank who gave the participants two alternatives: to earn
$100,000 when others make $90,000 or gain $110,000 when others carn
$200,000. In the world of absolute wealth preference, the answer would
be simple: the more the better. In reality, however, it is far from true: the
overwhelming majority opted for the first proposition, being perfectly
happy to earn less as long as gaining more than others.

#For example, Ferrer-i-Carbonell (2005), Luttmer (2005), Clark and Oswald (1996),
and Knight et al. (2009).
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Till now, the concept of relative utility has been broadly acknowledged and
incorporated in many financial and economic models, importantly, also by the
professional financial industry.?® More and more often, portfolio managers are
assessed based on their historical portfolio returns relative to the benchmark,
rather than based on their absolute performance.? In other words, usually, it
is not as important to produce high absolute returns as to outperform the
peers. Currently over 90% of US mutual funds are benchmarked against one
common index (Sensoy 2009). This has important implication for asset pric-
ing, as asset managers may be more prone to minimizing benchmark-relative
risk (the so-called tracking error) while ignoring the total risk. Assuming,
therefore, that there is a positive relationship between the stock market beta,
or systematic risk, and future returns, and that we have two assets with identi-
cal tracking error but different systematic risk, the portfolio manager will opt
for the one with higher beta as it is associated with higher expected returns.
This way, investors may generate excessive demand for the high-beta stocks,
driving the overvaluation relative to the CAPM model .3

Attention Grabbing As the national equity markets are nowadays popu-
lated with thousands of stocks, for an individual investor knowing all the
securities and then filtering out the losers might prove truly overwhelm-
ing. In consequence, equity investors usually concentrate on stocks that
easily attract their attention (Barber and Odean 2008), that is, the equities
which recently appeared in the news, delivered extreme returns, or experi-
enced abnormally high volumes in the given period. Usually, these
attention-grabbing stocks tend to display above average return volatility
and belong to the “shiny” economy sectors, like the high-tech industry. As
a result, this phenomenon may generate excessive demand, increasing
prices and decreasing the expected returns for risky stocks. As more boring
and stable companies are likely to be ignored, this contributes to lowering
their stock prices and reduced future payoffs.

Interestingly, Falkenstein (1996) observed the preference for attention-
grabbing stocks is not limited to individual investors as institutional investors,
including mutual funds, also tend to hold shares of companies more fre-
quently portrayed in the news, potentially adding to the excessive demand.

8See Abel (1990), Gali (1994), Campbell and Cochrane (1999), Heaton and Lucas
(2000), Lettau and Ludwigson (2001), DeMarzo et al. (2004), or Roussanov (2010).

22 See Sharpe (1981) or Roll (1992).

30For further models and references, see Falkenstein (2009, 2012), Blitz et al. (2013b),
and Brennan et al. (2012).
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This behavioral phenomenon may also well explain the grounds for the
low-volatility anomaly, but it falls short to justify its existence. If the mar-
ket is efficient, such anomalies should be rapidly arbitraged away by pro-
fessional investors constantly seeking new profit opportunities. As this
doesn’t happen, something must stand in the way. We can name at least
three constraints preventing investors from arbitraging away the low-risk
anomaly, related to leverage, short selling, and regulation.

Leverage Constraints When planning to take on more risk in an equity
portfolio, we face two choices: either to leverage the low-risk stocks or to
buy more high-beta equities. While not always be available, the leverage
option can be further restricted by, for example, margin rules, tax
regulations, or bankruptcy laws. Thus, when leveraging becomes impos-
sible, the only solution is buying high-beta stocks. As a result, the more
restricted the leverage availability, the higher the demand for high-beta
stocks, which is directly causing the overvaluation of high-beta stocks.

Numerous academic studies have delivered both theoretical and empir-
ical evidence confirming that leverage constraints can reinforce the low-
risk anomaly.?! Yet they still fail to explain why the low-risk securities yield
returns higher than the market portfolio.

Short-Selling Constraints This is closely related to the limits imposed on
the leverage availability. If valuations of the high-beta stocks become too
elevated, one way to return to the equilibrium prices is for the short sellers
to borrow the overpriced stocks and sell them in the market. If the short
selling becomes impossible, the pricing might remain distorted leading to
other misrepresentations in the risk-return relationship in the market (de
Giorgi et al. 2013; Ho and Sraer 2015). According to even the oldest
financial models, for example, Miller’s (1977), when even a little short-
selling activity is available, the prices might be determined by a small
minority with the most optimistic expectations. This mechanism may
directly contribute to the volatility anomaly.

Regulatory Constraints Most investment regulations, either national or
international, fail to recognize low-volatility stocks as a separate asset class,

as opposed to equities or bonds. An investment policy may indicate that

31See, for example, Brennan (1971), Black (1972, 1993), and Frazzini and Pedersen (2014).
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the portfolio manager is allowed to allocate at maximum 60% of his port-
folio into stocks and 40% into bonds, while the same risk level could be
also achieved by investing 80% of the portfolio into low-volatility stocks
and 20% in bond; this, however, stretches beyond the tools available to the
asset manager, who, to maximize his equity exposure is forced to go for
high-beta stocks. Thus, such regulations may also contribute to boosting
demand for risky companies (Blitz et al. 2014a).

Other supplemental theories only partially explain the phenomenon. While
some studies raise the data-mining concerns pointing to the results proving
sensitive to liquidity effects and portfolio weighting schemes,*? the volatility
effect seems too pervasive to be a mere data-mining anomaly. Further evi-
dence provided Martellini (2008) indicating the possibility of the low-volatil-
ity anomaly to be related to delisting bankrupt public companies. As a result,
the volatility-based strategies are implemented only to the survivors causing
the high-risk companies substantially outperform the safe businesses.

A further study into various explanations was carried out by Hou and
Loh in 2015, with the researchers declaring the lottery preference as the
most promising explanation, ironically, having argued earlier that a set of
explanations linked to the lottery preference could explain away a half of
the puzzles in individual stocks leaving the other half unexplained. Thus,
although the current academic knowledge offers an array of explanations
of the low-risk anomaly, clearly some important phenomena still seem
waiting to be discovered.

EmpriricAaL TEsTS OF RiSK-BASED STRATEGIES

Although controversial, the risk-return relationship can become a useful
predictor of future returns. Let us then analyze—based on the real stock
market data—how such strategies have performed over the last two decades.

In this section, we will showcase two risk-based strategies—each imply-
ing a different relationship with risk. The first strategy assuming lower risk
to bring the higher returns is based on idiosyncratic volatility. The second,
assuming the contrary, relies on VaR as the predictor of future payoffs.
Importantly, none of these strategies requires any built-in deleveraging or
leveraging mechanism for the long or short sides of the trades, being both
simple and easy to implement.

32The evidence is provided by, for example, Bali and Cakici (2008) and Han and Lesmond
(2011).
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Simply implementing idiosyncratic volatility, each month we calculated
the idiosyncratic volatility derived from the trailing 60-month returns. To
measure the idiosyncratic risk, we applied the simple CAPM model. As a
proxy for the market portfolio, we referred to the most representative and
popular index for cach country, for instance, S&P500 for the USA and
DAX for Germany. Having computed the idiosyncratic volatility, we sub-
sequently ranked all the companies on this variable each month. We
assumed a long position in the quintile of stocks with the lowest idiosyn-
cratic risk and a short position in a quintile of securities with the highest
idiosyncratic risk. The results are reported in Table 4.1.33

Clearly, as reliable return predictor of future stock returns, the idiosyn-
cratic volatility failed to reach the level of, for instance, momentum,
although its performance proved definitely interesting. The mean monthly
returns on the long-short portfolios were historically positive in 23 out of
24 countries, although the mean was significant only in 10 national mar-
kets. The significant CAPM alpha was identified in 13 countries, namely
Australia, Canada, France, Germany, Greece, Hong Kong, Israel, Japan,
the Netherlands, Singapore, Spain, Sweden, and the UK. The equal-
weighted return on all the country portfolios also displayed significant
alpha amounting to 0.75% per month whereas the alpha of the portfolio
of countries weighted on their capitalization was slightly lower and
amounted to 0.55%.

Clearly, a drawback of the long-short low-idiosyncratic risk strategy was
its volatility. The standard deviation of the equal-weighted global portfo-
lio reached 3.68%, remarkably exceeding the instances of other tested
strategies. Furthermore, the value-weighted portfolio proved even more
volatile, with the standard deviation arriving at 5.85%. These high volatili-
ties naturally translated into relatively disappointing Sharpe ratios of 0.61
and 0.26, respectively.

Additionally, Figs. 4.3 and 4.4 display the cumulative returns on the
global portfolios. Indeed, the low-idiosyncratic risk strategies yielded
attractive returns, but not free from risk. The long-short portfolios had
experienced many crashes and drawdowns that definitely would be a bad
experience for the investor’s pocket.

Considering the VaR strategy, advocating forming portfolios based
on the historical VaR, we used a return predicting variable closely follow-
ing the approach of Bali et al. (2011). In particular, we sorted all the

3 Importantly, in this exercise we first averaged the time-series of log-returns and subse-
quently converted it into the standard returns.



149

NO PAIN, NO GAIN? THE PUZZLE OF RISK-RETURN RELATIONSHIP

(panurzuo9)

(18°0) 0€'0 10— 600 60'9 (1¥°0) ST'0 €T 940 160 PURIZIIMG
(T€€)  xxxTET  0TO— 650 £5°9 (z8C) wxxS1 T 1 ST0 871 uIpIMg
(0£7)  xxx88°0  0L0— TS0 1€°S (8F°27) xx18°0 ! S0°0 980 uredg
(6T€)  xxxIT'1 000 690 8S'S (9z°¢) xxx[TT 6 €0'1— £0°0 srodegurg
(F€0) orT'0  %0'0— 900 €0'8 (0<0) ST0 € LT0— 00— [eSniIog
(19°0) L0  90°0— 010 9T L (6%°0) o 11 €0°0— 61°0 feavtoN
(99°0) ST'0 €0°0— <TI0 S/¢ (55°0) €10 € 090 €40 pueeaz MON
mﬁcm_aoﬁuuz

281 x€L°0 10— T€0 €v9 0s'1) 650 41 wo 10T YL,
(59°1) x/S°0 TT0— €€0 12'S (65D S50 08¢ 0T 0— S€°0 uede(
(£80) 6T0 €00  6T0 0¥'s (z6°0) 0€°0 61 0T'0— 0T0 Aeay
(c1°0) xxFL0  F00 9% 0 12'S 01z xxS2°0 €1 910 760 [orIs]
(1¥°0) €€°0 800  0T0 STl (8%0) 6£°0 ¢ 150 060 puepaag
(10°S)  xxx19T  CTI'0— TO'T 98 (S8°F) xxxCS'T 1C L6'T— 0S°0 Suoy] Suoy
(IT°€)  xxxT6'1 €00 990 ot (zre) xxxC6'1 6 Wi L¥0 EREEMS)
(58°1) *160  FIT0— 9¢0 66'L (89°1) x78°0 (43 10— 120 Auewpn
(s6'1) x080  FIO0— £LEO 699 (e2'1) «12°0 L€ 0 S6°0 dUBL]
(9¢°1) LS50  0T0— ¥%T0 06’9 (zr'p L¥0 01 Y0 ¥6°0 puequry
£z 150  610— ZT°0 VAN (€8°0) €€°0 6 640 481 Jrewua
(1) «€0T  LT0— T1%0 85/ (96'1) x16°0 S9 £0°0— ¥8°0 epeue))
orn wo ST0— €10 979 (29°0) ¥T0 6 650 780 wnipyg
(8z'1-) 0S0— ¥00 9T0—  L£9 FCTT1-) 8%0— S 650 110 eLasny
(06°€)  xxx0L'T  €TO— €0 ¥UL (8%°¢) xxxCS'T ¢ 90— 80'1 elensny

J015-1 ) WIS-7  UANIIL UV sutaf  wangas uyau
01wl U01IVLAIY Jo waqunu 010f1.40q  wangas uwau
vydry viag  adavgs  pawpuvis 0170f1404 -1, WY woigog  010f140d dog, Kagunor)

YSLI DRIDUASOIPT WO Paurio sorojriod [euoneurajur jo duewtojrad oy, 1'% 9[qel



150  A. ZAREMBA AND J. “KOBY” SHEMER

A[2AND2dsar ‘PaAd] 9T PUE ‘%G ‘90T I 1L 0I9Z WO TP ApuedyruSis sanfea aedpur
wxx PUE <\ <4 SYsLIsy -a8eiusdtod ur passardxo ore seyde pue ‘SUONRIAID pIepuels ‘Sl Uedy NIV U3 WO PIALdP e e1aq pue eydye oy, “siseq
pazirenuue ue uo passardxa st oper adreyg Yy, "oropiod woioq a3 ut 10ys pue oropsod doi aya ur Suof $208 0770/1..0d -1 "A[2A1123dsIT YSLI SN RIDUASOIPT
159USTY o) puE 1S9MO[ 9 PIM $Yd01s o3 Surpnpur sorjoptod smumb oxe 0270f2.40d wosz09 pue 0170f140d doy, "suoneaIdsqo A[qIUOW JO SISeq Y UO IPEW
QI9M SUOTIRINDTED AT, "INJVD U3 WOIJ YSLI dNEIdUASOIPT [aUOW-()9 SUIIen o3 U0 $110s wolj sorjojrod oy uo suiar Apuow o) s110dar ojqel a1, :930N

(5s'D S0 TTO- 970 e8's (€cn %0 9911 €0 9,0 (MA) pPriop
(T€€)  wxs¥L0  9T0— 190 89°¢ (167 #%x59°0 9911 F0'0 020 (MF) Prom
(€c0) 910  0T0— 100 8LL (S0°0) T0°0 €5¥ 960 860 vsn
(89°1) xS0 STO— 8TO 99°g (ce'D) 9%0 SZ S€°0 18°0 N
J015-1 angu) WIS-1  UANIIL UV sutaf  wangas uyau
0114 U0IIVIATY Jo waqunu 010f1.40q  wangaL uwau
vydy viag  adivgs  pawpuvis 0170f1404 -1, vy woigog  010f140d dog, Lagunor)

(ponunuod)  ['F dqel,



700 Long-short portfolio Top portfolio

77777 Market Bottom portfolio

600

500

400

300

200

100

0 -
1994 1996 1997 1998 2000 2001 2002° 2004 2005 2006 20082009 2010 2012 2013 2014 2016

-100

Fig. 4.3 Cumulative return on equal-weighted portfolios formed on idiosyn-
cratic risk. (Note: The figure displays the cumulative return on the equal-weighted
quantile of the portfolios from sorts on the trailing 60-month idiosyncratic risk
from the CAPM. The calculations were made based on monthly observations. Top
portfolio and bottom portfolio are quintile portfolios including the stocks with the
lowest and the highest idiosyncratic risk, respectively. Market is the value-weighted
portfolio of all the country equity markets considered. All the returns are expressed
in percentage)
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Fig. 4.4 Cumulative return on value-weighted portfolios formed on idiosyncratic
risk. (Note: The figure displays the cumulative return on the value-weighted quantile
of the portfolios from sorts on the trailing 60-month idiosyncratic risk from the
CAPM. The calculations were made based on monthly observations. Top portfolio and
bottom portfolio are quintile portfolios including the stocks with the lowest and the
highest idiosyncratic risk, respectively. Market is the value-weighted portfolio of all
the country equity markets considered. All the returns are expressed in percentage)
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equities in the sample on their empirical VaR using the 5% cutoft based on
the 24-month trailing monthly returns. In other words, each month for
each individual stock we calculated the 5% percentile of monthly returns
over the previous 24 months, and based on this variable, we then sorted
the equities. Since VaR is usually negative, the lower the VaR value (or
higher the absolute value), the better. In other words, in this approach,
the riskier the stock is, the higher the expected future returns. Consistently
with that, our basic strategy assumed a long position in the quintile port-
folio of shares with the highest absolute value of the VaR (the riskiest) and
the short position in the portfolio of shares with the lowest absolute value
of the VaR (the safest).

The performance of the VaR portfolios in international equity markets
is presented in Table 4.2.

Although the alphas on the long-short portfolio proved historically
positive in all the 24 countries considered, only in a half of them these
values significantly differed from zero. The precise alphas varied monthly
from 0.26% in Ireland to 2.01% in Greece. In the largest of the considered
markets, the USA, the alpha amounted to 0.90% with the corresponding
t-statistic of 1.58. The VaR strategy displayed a slightly higher volatility
than, for example, the very common momentum strategy. The standard
deviation of returns ranged from 6.02% to 15.78%, and the volatility of
the equal-weighted and value-weighted global portfolios equaled 5.50%
and 7.03%, respectively. The profitability of the equally and value-weighted
global portfolios remained similar: the long-short portfolios delivered
0.79% and 0.84% per month, respectively. Finally, the Sharpe ratios
appeared rather moderate, at least compared with the earlier strategies.

Figures 4.5 and 4.6 provide additional insights into the VaR strategy by
displaying the long-run cumulative returns on the global VaR portfolios.
While the Sharpe ratios proved less impressive then in the case of other strat-
egies, this strategy has clearly beat the markets for over the last 20 years.

So far, we have reviewed the strategies related to historical volatility or,
in a broader sense, to the risk of investment securities. As we have seen,
some strategies can serve as an interesting predictor of future returns in
selecting securities even if the direction of the risk-return relationship still
remains to some extent controversial. What about other moments of the
return distribution? Does the shape matter? Could the skewness of the
return distribution help? We will probe these questions in the next
chapter.



153

NO PAIN, NO GAIN? THE PUZZLE OF RISK-RETURN RELATIONSHIP

(panurzu09)

(56°0) 8€°0 0T0— €10 159 09°0) ¥T0 6T 980 0T'T PUR[I2ZIIMG
(98°1) 060 ST0— €€0 16'L (£S'1) S0 9T S0 151 uopomg
(6S7)  %xZ0'T  0T°0— 0S0 €89 (6£7) xx660 8T 000 660 uredg
(FI'E)  «x+¥FT 000 £9°0 VA (LI'E)  xx+¥F1 41 650— S8°0 s1odegurg
(5$°1) S0 0T0— 6C0 00'8 (6£°1) £9°0 ¥ ro- S0) [eSnaiog
(z8'1) 00T £000—  9€0 96'8 (z2'1) 60 ST 00— 60 femaoN
1o 870 900 LT0 649 (8T°1) €50 S €50 90'1 pue[eaZ MON
mﬁcm_uozuuz

(0F'1) 690 CI0— 970 908 (sz’r) 190 61 LS°0 611 L,
£9°1) x89°0 €T0— ¥€0 ¥8'9 (19°1) £9°0 yee 91°0— 150 uede(
(e2'1) x€2°0 000 LE°0 689 (1) x€2°0 8T 970 660 Areag
(c0'1) £LS0 000 7To cT6 (co'r) £5°0 ST 780 681 [orIs]
£z0) 90 €00 900 84°ST (0£0) 8T°0 ¥ 880 91’1 puepaIy
(€67) +++¥8'1T 1T0— 950 £E01 (£9T)  xxx89'1 4 96'0— €0 Suoy Suoy
(6£7)  +x10C  TO0— IS0 9L°€1 (0¥7) xx10'C €1 98°0— ST'T 929015
(1$°'1) 780 €10— 6C0 S8'8 (8¢°1) 20 154 ¥T0 86°0 Auewn
(£€D £9°0  110— 970 00’8 (ez1) 090 LY 850 LTT dueL]
(£80) 0 8T0— 010 LLL (6%°0) €T0 11 80T €1 pueury
(99°1) *¥9°0  600— 1€0 ¥T'9 (S#'1) S50 41 990 171 JreWua(
(097 xxx0¥T T110— TS0 18'8 L¥T) xx€€°T 76 S0°0— 8T'1 epeue))
“rn €50  STO0— 910 0¥'2 (££0) Se'0 4t 120 SO'T wnigag
£z 940 LT0— ¥T0 686 (zr'np £9°0 L €€0 00T eLsny
(IST) %107 €10— 8%0 LS9 (82°7) xx16°0 oF €00 760 elensny

ULNIIL
w1s-1 anju/ Jv35-1 uvayy sut.f uAngaL
S 0yl U0UVIAIY Jo waqunu wwam 0170f1.004  waniaL uvam
vydy viag  adavgS  pawpuvig 0170f1404 -1, WLy woigog 017041404 dog, Lagunor)

A U0 pawiog sorjojiod [euoneuranur jo duewiojrad oy, 7'F 2[qelL



154  A. ZAREMBA AND J. “KOBY” SHEMER

A[2AnD3dsa1 ‘[9A9] T PUE ‘yg

90T Y2 I8 0I9Z WOIJ TUIIJIP APULIYIUSIS SONTRA NBIIPUL  , , PUE ., ¢, SYSLINSY 0FeIu0d10d Ul passa1dxo ore seydye pue ‘SUONEIAID pIepULIS ‘SUINIOI UL
INAVD U3 WOIJ PaALIdP a1 ©I1aq pue eydfe 9y, 'siseq pazijenuue ue uo passaidxa st oner adreyg ay 1, "orjoptod wonoq ay ut 11oys pue orjojiod doy oy ur
Suo] 208 0701404 -1 "A]oA1>0dso1 YA (onfea 9InJosqe 1saMO] AJfensn) 1soySIy oyl pue (onfea anjosqe IsoYSTY A[[ensn) 1S9MO[ I YIM $)D0Is d1) Surpndur
oropiod anuib oxe so70fz.40d wozz0q pue 0770004 do, “SUONEAIISQO A[IUOW UO PISEq IPLW 210 SUONE[NI[ED YT, "SUINIAI A[puow Suljren [puow-$g
911 Jo 9muadidd YYPy 9yl se pale[nded Sem YEA YT, “YEA JIUOW-{¢ 9 UO s1I10s woj sorjojiiod o) uo surmar Afpuow o) s11odax 9[qel oy, 90N

(Cz7)  +xS6'0 10— 1¥0 €02 (£6'1) *x¥8°0 LE91 61°0 €0'L (MA) pProm
(69°T7)  +x+060  0T0— 0S50 0s's (£€T)  +x6L70 £891 970 SO'T (MH) PHOM
(851 060 €T0— 8CO ST6 (ze'n 20 [4v4 150 9Tl vsn
(I€T)  +xS8°0 CTL0—  9%0 09 (917 *x6L°0 LI ST°0 S6°0 N
ULNIIL
1w15-1 angu/ Jw15-1 uvapy sutayf wAngal
01pL  U01IVIATY Jo waquinu wvawe orjofieod  wangas uwam
vydry viag  adavgS  pawpuvig 0170f1404 -1, vy wozrog 0401004 dof, Qagunory

(ponunuod) 7§ JqeL



1400

Long-short portfolio

Top portfolio
1200 [----- Market Bottom portfolio

1000

800

600

400

200

0 -
1994 1996 1997 1998 2000 2001 2002 2004 2005 2006 2008 2009 2010 2012 2013 2014 2016

-200

Fig. 4.5 Cumulative return on equal-weighted portfolios formed on VaR.
(Note: The figure displays the cumulative return on the equal-weighted quantile
of the portfolios from sorts on the 24-month VaR. The VaR was calculated as the
fitth percentile of the 24-month trailing monthly returns. The calculations were
made based on monthly observations. Top portfolio and bottom portfolio are quin-
tile portfolios including the stocks with the lowest (usually highest absolute value)
and the highest (usually lowest absolute value) VaR, respectively. Market is the
value-weighted portfolio of all the country equity markets considered. All the
returns are expressed in percentage)
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Fig. 4.6 Cumulative return on value-weighted portfolios formed on VaR. (Note:
The figure displays the cumulative return on the value-weighted quantile of the
portfolios from sorts on the 24-month VaR. The VaR was calculated as the fifth
percentile of the 24-month trailing monthly returns. The calculations were made
based on monthly observations. Top portfolio and bottom portfolio are quintile port-
folios including the stocks with the lowest (usually highest absolute value) and the
highest (usually lowest absolute value) VaR, respectively. Market is the value-
weighted portfolio of all the country equity markets considered. All the returns are
expressed in percentage)
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CHAPTER 5

Are Stocks Lotteries? The Shape
of Distribution Matters

According to the classical asset pricing models, a successful investor needs
to mind only two things: return and risk, and while risk as a potential con-
sequence seems obvious, its measurement and understanding, however,
have always presented a challenge. Ever since Markowitz introduced his
mean-variance paradigm, it has become commonly understood that all the
risk relevant to portfolio selection is captured by the second moment of
the return distribution, or variance (squared standard deviation).
Therefore, investors should build their portfolios by striking an optimal
trade-oft between the portfolio’s expected returns and its future standard
deviation. The most prominent financial model dominating for the last 60
years—the capital asset pricing model (CAPM) by Sharpe (1964), Lintner
(1965a, b), and Mossin—is based precisely on this concept. In other
words, the expected return on any security should equal the risk-free rate
of return plus the risk premium, which equals stock market beta multiplied
by the market risk premium.

THE ROLE OF THE SHAPE OF THE DISTRIBUTION

The idea behind interpreting risk as standard deviation of returns is elemen-
tary. The standard deviation, as the square root of variance, presents the
potential dispersion of future returns. The less we know about the future
outcome, the riskier the stock. This definition, simple as it seems, does have
an important caveat which may escape the commonsense understanding of
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risk: the standard deviation is symmetrical. Irrespective of whether the
return unexpectedly rises or sinks under the mean—it is all considered as
risk. Does it comply with the way investors understand risk? If I expect to
earn 10%, but there is a chance to win 20%, is that a risk? Not really. Thus
the critical element is the left side of the distribution, namely the likelihood
of losing.

Summing up, it is not merely the dispersion of the return distribution
that matters to investors, but also its shape. This has been known under
different names like “tail risk”, or “skewness”. So what precisely is skew-
ness? It is a metric capturing the asymmetry of return distribution and, in
essence, emerges in two forms: positive or negative. Positive skewness sig-
nals that data points are skewed to the right; thus, there are more extreme
positive returns than in the case of a normal distribution (e.g., Panel A of
Fig. 5.1). On the contrary, negative skewness indicates more extreme
losses (e.g., Panel B of Fig. 5.1).

Investment assets can display various return distributions. Corporate
bonds tend to the left-skewed distribution: the investor usually earns regu-
lar, steady, small returns, which only sometimes happen to be diminished
by singular large losses resulting from a default. A private equity fund, on
the other hand, displays positive skewness as nine out of ten start-up com-
panies are likely to fail, and the only one stands the chance to become a
new Microsoft.

So which distribution do investors prefer? At first sight, it may appear
that investors prefer positive skewness, like lottery tickets, to large nega-
tive drops resulting from possible crashes. The lottery-type stocks might
thus be more expensive, and, indeed, we find anecdotal evidence to sup-
port this prediction: many, both individual and institutional, investors

PANELA PANELB

Fig. 5.1 Skewness of return distributions. Panel A: left-skewed distribution.
Panel B: right-skewed distribution. (Note: Own elaboration)
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used this argumentation to justify the high prices of internet stocks at the
end of previous century. Even Alan Greenspan, the Chairman of Federal
Reserve, argued a “lottery premium” in internet equities during his hear-
ing before the Senate Budget Committee on 28 January 1999:

The size of that potential market is so huge that you have these pie-in-the-
sky type of potentials for a lot of different vehicles. And undoubtedly, some
of these small companies, whose stock prices are going through the roof,
will succeed. And they well may justify even higher prices. The vast majority
are almost sure to fail. That’s the way the markets work in this regard....
What lottery managers have known for centuries is that you could get some-
body to pay for a one-in-a-million shot, more than the value of that chance.
In other words, people pay more for a claim on a very big payoff, and that’s
where the profits from lotteries have always come from. (Stevenson 1999)

The theoretical considerations, however, are not all that obvious
(Ilmanen 2011). A plausible counterargument has been risen by Nassim
Taleb, the bestselling author of The Black Swan (2007) and Fooled by
Randomness (2005). He pointed out that some money managers may
actually prefer negative skewness, suggesting that professional asset man-
agers may prefer frequent small gains and infrequent huge loses risking
rather occasional “blowups” than continuous “bleeding”. From the busi-
ness perspective, underperforming peers in normal times is bad, while out-
performing them consistently, even by small amounts, helps to attract
clients and increase the value of asset under the company’s management.

So what does the data say? The majority of the studies indicate that
investors do prefer positive skewness to negative jumps. In other words,
they both “like lottery tickets and fear crashes” (Ilmanen 2011). The pre-
cise results, however, heavily depend on how the skewness is measured.
Therefore, before we move to the review of the actual evidence on
skewness-based investing, let us first dig deeper into why the skewness
actually matters to investors. As pointed out by Ilmanen (2011), the pref-
erence for positive skewness is driven rather by the desire for exceptional
upside than the protection against the downside. Investors are prone to
overpay for securities that have an asymmetrically large upside, resembling
the lottery buyers overpaying more when the jackpot is outsized (com-
pared to other rewards) or racetrack punters overpaying for long shots.
Still, a viable contributor is the search for downside protection.
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WHY THE SKEWNESS MATTERS?

As usual in finance, we have a few explanations of the skewness phenom-
enon: some gravitating toward neoclassical, or “rational”, finance and
some focusing more on the behavioral aspect. The earliest models incor-
porating skewness in the portfolio construction appeared long before the
dawn of behavioral finance. The idea of considering skewness in determin-
ing optimal investments was first introduced by Arditti (1967, 1971), who
provided both theoretical and empirical evidence that investors demand a
lower (higher) rate of return on investments whose return distributions
are positively (negatively) skewed. This analysis was later extended by
Scott and Horvath (1980), who analyzed not only skewness but also mul-
tiple higher moments of the distribution, including kurtosis, proving that
positive values of odd (even) moments command negative (positive) risk
premia and vice versa for negative values.! In other words, higher values of
even moments, that is, variance and kurtosis, are associated with higher
future returns, while higher values of odd moments, that is, skewness, are
associated with lower expected returns. Analogously, lower values of even
moments, that is, variance and kurtosis, are associated with lower future
returns, while lower values of odd moments, that is, skewness, are associ-
ated with higher expected returns.

Once the basic relationships had been established, the time came for a
revised asset pricing model that would take into account the higher
moments. This was done by Kraus and Litzenberg (1976) who in essence,
extended the CAPM by stating that the expected returns are not only
determined by the amount of undiversifiable variance, but also by the
security’s skewness. Similarly, in the Kraus and Litzenberg model (1976),
the unsystematic risk—relative to both skewness and variance—is diversifi-
able and, thus, does not impact expected return. In other words, if inves-
tors can easily eliminate some risk, then it is irrelevant to the valuation.
This analysis was subsequently extended by Harvey and Siddique (2000),
who incorporated systematic skewness in their asset pricing model by
developing a special co-skewness measure that we will look into below.

Another set of explanations revolve around behavioral issues and, in
particular, around preference for lotteries. These explanations refer to the
stories behind the low-risk anomaly that we have discussed in the previous
chapter. For example, in 2007 Mitton and Vorkink developed a model

!'Similar evidence was provided by Dittmar (2002) and Kimball (1993).
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assuming the existence of a group of investors with a direct preference for
positive skewness: the “lotto investors”. The group would care little about
the expected profit, willing to sacrifice the Sharpe ratio, if only to achieve
higher skewness. Why would they choose such securities? Although not
excessively profitable on average, these stocks still offered a chance for
huge payoffs. The researchers concluded that “lotto investors” would
deliberately hold undiversified portfolios as the more diversified portfolio
means lower skewness, and skewness is what they seek. Across the financial
markets, the authors found large segments of individual investors exhibit-
ing lotto preferences: on average not outperforming, but likely to make it
as jackpot winners (Ilmanen 2011).

Interestingly, other studies specify who the lotto players are. Kumar
(2009) and Kumar et al. (2011), researching data from a major US dis-
count brokerage house, indicated that the strongest inclination for lottery
stocks showed poor, uneducated men, mainly from Catholic, African
American, or Hispanic minority, that is, people with the worst economic
prospects within the American society, for whom both lotteries and lottery
stocks may offer the only hope for gaining wealth. As a rule, retail inves-
tors are more likely to show lottery-type preferences than institutional
investors with the inclination rising in economically challenging times.

Lottery preferences have been further explored by Barberis and Huang
(2008) in their famous paper “Stocks as Lotteries”. The authors argued
that investors overvalued and in effect overweighted low-probability
events which led them to overpay for assets with positive skewness. In
general, investors prefer stocks with high-idiosyncratic volatility and large
skewness, with an elevated chance of such low-probability payofts. The
overvalued stocks have higher prices and, hence, lower subsequent returns.
By the way, the inclination to lotteries is also strongly supported by the
findings in neuroscience with a number of studies confirming that large
payoffs attract far more attention than the low payoffs. The “reflexive
brain” focuses much more on the size of the reward rather than on its
probability. Finally, another supportive evidence was delivered by Cornell
(2009), who argued that equity investors overconfident in their stock-
picking skills would “want the most bang for the buck in their investments
and often prefer high-volatility, high-skewness stocks, making them over-
priced” (Ilmanen 2011).

One particularly interesting insight related to the skewness phenome-
non was made by Barberis et al. (2016). The authors directly tested the
hypothesis assuming that when considering money allocation to a stock,



172 A. ZAREMBA AND J. “KOBY” SHEMER

“investors mentally represent the stock by the distribution of its past
returns and then evaluate this distribution in the way described by pros-
pect theory.” Subsequently, the researchers built a model of asset prices in
which some investors would follow this reasoning and assigned “scores”
linked to the interpretation of the distribution to particular stocks. They
found that a stock whose past return distribution had a high (low) pros-
pect theory value earned on average a low (high) subsequent return. Their
results were very robust, verifying the validity of the hypothesis not only
in the US market but also across the majority of the 46 equity markets. To
sum up, Barberis et al. (2016) found that the interpretation of payofts via
the prospect theory—just like in case of sorts on skewness—may be viably
translated into economic profits.

MEASURING SKEWNESS

Thus, these theoretical considerations provide solid grounds to state that
the prospect shape of the return distribution indeed plays a role in deter-
mining future returns. Let’s look into the empirical evidence. Skewness
has proved a powerful determinator of future returns across numerous
markets and asset classes, not only for US equities but also across many
national markets, including China, India, Russia, or Poland.> In 2016
Barberis et al. researched 46 international equity markets and confirmed
their findings in most of the markets identifying fairly promising outcomes
not only at the level of individual securities but also at the country level.
More broadly, skewness preference has also been observed in individual
equity options (Boyer and Vorkink 2014 ), commodities (Fernandez-Perez
et al. 2017), bonds (Yang et al. 2010), and even equity indices (Harvey
2000; Zaremba and Novak 2015). The precise results, however, vary sig-
nificantly—in particular under various return measurement methods. So,
how can we best measure the skewness and do particular measures trans-
late into profitable strategies? We have three most popular types—total
skewness, co-skewness, and idiosyncratic skewness—and a range of other
related measures, which can be calculated based on different data periods
and frequencies.

2See, for the US market, Harvey and Siddique (2000), Dittmar (2002), Kapadia (2006),
Barberis and Huang (2008); for China, Chen et al. (2011); for India, Narayan and Ahmed
(2014); for Russia, Teplova and Mikova (2011); and for Poland, Zaremba and Nowak
(2015).
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Total Skewness Total skewness is perhaps the most straightforward mea-
sure; it is calculated as a sample historically realized skewness of stock
returns:

) (6.1

where R;, is the return on stock I during period #, 7 is the number of
periods used in the calculation, and R, is the average periodic return on
stock 7 over all of the periods included in the calculations (Bali et al. 2016).
The total realized skewness was considered, for example, by Amaya et al.
(2015), and the comprehensive evidence was delivered by Bali et al.
(2016). The authors thoroughly investigated the application of various
skewness measures in the US market, finding the results highly dependent
on both the return intervals and estimation period. Bali et al. (2016)
formed ten portfolios from sorts on the realized skewness and, subse-
quently, evaluated their performance. In particular, they formed a long-
short portfolio which was long in the stocks with the highest skewness and
short in the securities with the lowest skewness. When the portfolio com-
ponents were equally weighted, the portfolios delivered significant and
negative returns only when the return interval was very short, for example,
one day, with the estimation period kept also short, below the level of
months. The lowest (negative) returns were recorded for the one-month
sorting period. Interestingly, for all longer periods, ranging up to even five
years, the returns were insignificantly different from zero. When the port-
folios were value weighted, some of the abnormal returns on the long-
short portfolios turned positive, meaning that the right-skewed stocks
outperformed the left-skewed stocks. Importantly, also Zaremba and
Andreu Sianchez (2017), who reviewed an array of strategies implemented
in country equity indices, found the skewness-based portfolio not deliver-
ing the performance in line with the expectations. Summing up, the total
skewness seems to be an indicator which is highly dependent on the mea-
surement technique and should be employed only with cautions.
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Co-skewness Just like with variance split into systematic and idiosyncratic
risk, the total skewness might also be divided into two parts: systematic
and idiosyncratic skewness. The later component should be, at least theo-
retically, diversifiable. If so, then investors should with no difficulty elimi-
nate the idiosyncratic component making it in consequence, irrelevant to
asset pricing as opposed to the systematic component which should defi-
nitely play a role. This exact concept was proposed and directly examined
by Harvey and Siddique (2000).

The systematic skewness, or co-skewness, as it is frequently described,
was calculated by Harvey and Siddique (2000) as the slope coefficient on
the squared market return from a multiple regression of stock’s excess
returns on the excess returns of the market portfolio and squared excess
returns on the market portfolio. In other words, it is the CoSkewi coeffi-
cient from the following equation:

r. =a+ By MKT, +CoSkew MKT; +¢,,, (5.2)

where 7;, is the excess return of stock 7 in the period # and MKT, is the
excess market portfolio return over the same time (Bali et al. 2016).
Harvey and Siddique (2000) tested their measure empirically and found
that, indeed, it is priced in the equity market.?

The significance of co-skewness in predicting future returns was subse-
quently re-examined by Bali et al. (2016) on a substantial sample of US
equities. Their outcomes, however, could be regarded as slightly disap-
pointing. Bali et al. performed a similar exercise to the total skewness case:
they sorted all the stocks in the sample on various variants of the co-
skewness and formed ten decile portfolios. The mean monthly return on
the long-short portfolios was long (short) in the stocks with the highest
(the lowest) co-skewness. Again, the outcomes depended heavily on the
implementation details. When the securities were equally weighted, only
the portfolio formed on monthly co-skewness saw an average return sig-
nificantly different from zero. Still, its level was low, amounting to only
0.17 percentage points with a corresponding #statistic of 1.89.
Inconsistently with this observation, for the value-weighted portfolios,
none of the long-short portfolios displayed positive and significant mean
returns. This leads to conclude that the influence of co-skewness on
returns should be also treated with caution.

3See also Lambert and Hubner (2013).
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Idiosyncratic Skewness The second component of the total skewness is, as
mentioned it before, idiosyncratic skewness. While the last component
should not include prices, and the total skewness and co-skewness are
most commonly employed metrics, Boyer et al. (2010) took an alternative
approach. They argued and documented that that measurement of idio-
syncratic skewness based on historical returns could be improved when a
number of firm-specific variables are controlled, including momentum,
turnover, size, industry, and whether the firm trades on the NASDAQ
exchange. The researchers indicated that the expectation of future idio-
syncratic skewness, which is theoretically the most relevant variable for
predicting future returns, could be better estimated as a function of his-
torical idiosyncratic skewness and additional company characteristics.
Also, some alternative techniques use measures of idiosyncratic skewness
based purely on historical return data. This includes Bali et al. (2016),
who justified this decision twofold: First, as Boyer et al. (2010) demon-
strated some persistence in idiosyncratic skewness measured purely from
historical data, measuring idiosyncratic skewness from only historical data
enabled to examine this persistence empirically. Second, by using only his-
torical data, Bali et al. (2016) alleviated the risk of the relation between
these firm characteristics and future stock returns driving the apparent
relation between expected idiosyncratic skewness and future stock returns
documented by Boyer et al. (2010). In other words, they tried to mitigate
the risk of other factors to drive the skewness-return relationship. In con-
sequence, Bali et al. (2016) defined the idiosyncratic skewness as the sam-
ple skewness of the residuals from a Fama and French (1993) three-factor
model:

IdioSkew, = —L2 — (5.3)

where ¢;, is the residual from the regression corresponding to the three-
factor model.

r;',t = ai + ﬂMKT,iMKT; + ﬂSMB,iSMBt + ﬁHML,iHMLt + gFF,i,t (54)
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where SMB, and HML, are factor returns corresponding with size and
value effects in month ¢z, respectively; @;, fuxri, Psusni, and Prr,; are the
model’s parameters; and ¢;, is the residual from the model. The SMB, is
the return on a diversified long-short portfolio which is long (short) in the
small (large) countries, industries, or companies, and the HML, return is
based on long-short portfolios which are long (short) in the high (low)
book-to-market (abbreviated as BM) portfolios.

One might wonder why would idiosyncratic skewness matter. After all,
as we have already observed, it could be easily diversified away and, thus,
should not play any important role. Nonetheless, there are some theoreti-
cal models that are a bit more optimistic about this issue. For example,
Kane (1982) argues that the total proportion of wealth that is allocated to
risky securities is influenced by portfolio skewness and that skewness pref-
erence may lead investors to form not fully diversified portfolios. Simkowitz
and Beedles (1978) and Conine and Tamarkin (1981) suggest that when
investors do not completely diversify, idiosyncratic skewness may play
some role in asset pricing. Mitton and Vorkink (2007) propose a model,
which assumes that heterogeneous skewness preference causes investors to
underdiversify. Also, they document that idiosyncratic skewness effects
equilibrium prices. Notably, these results match also the findings of
Barberis and Huang (2008), who demonstrated that the cumulative pros-
pect theory of Tversky and Kahneman (1992) determined the negative
correlation between expected returns and individual stock’s skewness.

Idiosyncratic skewness has been repeatedly tested in various countries,
confirming, in general, its usefulness for predicting returns in the cross-
section not only in the biggest US market.* How then the strategics based
on idiosyncratic skewness work in comparison with the total skewness or
co-skewness? Let us once again look at the results obtained by Bali et al.
(2016). Again, the procedure of portfolio formation remained unchanged:
all the stocks in the US equity market were sorted each month on the idio-
syncratic volatility from the three-factor model of Fama and French (1992,
1993). Subsequently, equal- and value-weighted portfolios were formed,
and the top and bottom portfolios were used to build a long-short portfo-
lio that was long in the stocks with the highest idiosyncratic volatility and
short in the securities with the lowest idiosyncratic volatility.

*See, for example, Boyer et al. (2010), Ghysel et al. (2011), de Mendonca et al. (2012),
Conrad et al. (2013), Cao (2015b), Sehgal and Garg (2016), and Almeida et al. (2016).
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The examinations of Bali et al. (2016) revealed a few interesting
insights. Again, the results appeared highly sensitive to the implementa-
tion details, like the portfolio weighting scheme or the sorting period. The
equal-weighted long-short portfolio displayed predominantly negative
returns, showing that the stocks with very low idiosyncratic volatility out-
perform stocks with high-idiosyncratic risk. Nonetheless, the mean of
returns was significant only for a very short formation period of one
month. It reached —0.31% with the corresponding #-statistic of —2.44.
Interestingly, when the portfolio components were weighted according to
their capitalization, the picture changed drastically: turning it into a port-
folio of high-idiosyncratic volatility stocks that overperformed. The aver-
age return on the long-short portfolio changed from negative to positive
and amounted to 0.36% (z-stat equals 3.60).

Importantly, idiosyncratic skewness does not need to be measured
based on the three-factor model. For example, Hou et al. (2017), who
replicated a broad range of equity anomalies in the US stock market,
implemented the strategies based on idiosyncratic volatility, with the
CAPM and their own g-model. They found that the results were similar
and independent of the particular model employed. Also Zaremba and
Umutlu (2018) who extended this list with the four-factor model of
Carhart (1997) and the five-factor model of Fama and French (2015),
documented that the outcomes were similar for many models used.

Interestingly, the direct skewness-based measures—the total realized
skewness, idiosyncratic skewness, or systematic skewness—are not the
only measures possible to approximate the moments of the return
distribution.

Maximum Daily Return In 2010, Bali, Cakici, and Whitelaw examined
the cross-section of returns in the US stock market for years 1962-2005
with a novel measure of skewness. Initially, they supported their assump-
tion that investors had lottery-like preferences grounded in a range of vari-
ous empirical evidence: popularity of lotteries and gambling despite
negative expected payoffs, long-shot bias in betting, and financial market
data referring to, for example, IPOs, and the disappointing long-term per-
formance of small growth stocks. The team devised a new measure
capturing lottery-like characteristics for stocks: an exceptionally high
recent daily return. Thus, they ranked all of the securities in the market on
their maximum daily return over previous month. The decile of stocks
with the highest daily return vividly underperformed the decile of stocks
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with the lowest previous-month maximum daily return. The difference
was significant, robust to a battery of robustness checks, and amounted to
about 1% per month. Importantly, the equities with the high maximum
daily return were the ones that displayed strong positive skewness, so the
results confirmed the basic concept of investors’ preference for lottery-like
equities. Additionally, the authors stressed the hockey-stick-like pattern
emerging from the equity returns as the stocks with the highest maximum
daily returns are usually small illiquid stocks with high-idiosyncratic vola-
tility. Also, the maximum daily return, or MAX, effect was found out to
subsume skewness and idiosyncratic volatility, meaning that when we con-
trol for the maximum daily returns, the other anomalies become irrele-
vant. Furthermore, the maximum daily return phenomenon remains valid
even after controlling for other well-known return patterns, including
size, value, momentum, long-run reversal, or liquidity.

Importantly, the MAX effect works well not only in the USA but also
internationally. Subsequent studies of Annaert et al. (2013), Walkshausl
(2014Db), and Lin and Liu (2017) have extended the approach of Bali
etal. (2011) to the US and European markets while Nartea et al. (2014),
Zhong and Gray (2016), and Aboulamer and Kryzanowski (2016) inves-
tigated the MAX effect in South Korean, Australian, and Canadian mar-
kets, correspondingly. The MAX anomaly is present also in emerging
markets, including China and India (Aziz and Ansari 2017). Furthermore,
Fong and Toh (2014) have also documented that the maximum daily
return phenomenon is dependent upon investor sentiment which sheds
light on the behavioral underpinnings of the MAX effect. Finally, Cheon
and Lee (2017) have conducted what is, perhaps, the most comprehen-
sive international examination. They researched the MAX effect at an
international level in 44 markets and reported a negative risk premium
for sorting on the maximum daily return in 26 out of 44 markets. In
their subsequent study, Umutlu and Bengit6z (2017) confirmed that the
effect work not only in individual stock returns but also in country and
sector indices.

Interestingly, the MAX variable could be also extended to the MIN
variable, focusing on the minimum daily return over the last month. A
theoretical foundation for that has been laid by the cumulative prospect
theory of Barberis and Huang (2008), which predicts that the effect of
MIN should be symmetric to the MAX effect. In essence, when small
probability events become overweighted, then the securities with high
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absolute minimum daily returns should be avoided by investors, in conse-
quence driving prices down and the expected returns up. In other words,
equity market participants may look for a discount for high MIN securi-
ties, resulting in an undervaluation of these stocks and high subsequent
payoffs. This effect was also positively verified by Umutlu and Bengitoz
(2017).

Options Market As already noted, the measurement of skewness, and
expected skewness in particular, may pose significant challenges and
become highly vulnerable to methodological details. Therefore, some
researchers have decided to derive the estimation of expected skewness
directly from the option markets. Strictly speaking, there are two major
strains of this type of research: (1) seeking skewness-related patterns within
the option market and (2) predicting equity returns based on skewness
derived from the option markets.

In general, the empirical evidence from stock options is consistent with
the results for equities, documenting the hockey-stick shape of the cross-
sectional return distribution. For example, Ni (2008), who investigated
single-stock call option portfolios, found that in-the-money and at-the-
money call options yielded on average delicately positive returns, approxi-
mating 2% per month for the three lowest quintiles of option “moneyness”
whereas the portfolios of out-the-money options with high strikes and
high-skew, so the options displaying the lottery ticket-properties, deliv-
ered striking negative returns, amounting to as much as —28% per month
on average in the top “moneyness” quantile. A later study of Doran et al.
(2012) added some seasonal flavor by documenting that the richness of
out-the-money calls relative to at-the-money calls was particularly high in
January, and so in the same month when lottery preferences manifest the
strongest.

The second area of research focuses on the use of the option skew data
in predicting the returns on underlying equities. The results in these
regards remain somewhat mixed. Cremers and Weinbaum (2010), for
example, having studied the deviations from put-call parity have shown
that, indeed, it is able to predict future returns, but in a way inconsistent
with the phenomenon of negative skewness premium. In particular, stocks
for which the associated at-the-money call options are relatively expensive
outperform by about 0.5 percentage points per week the equities for
which the associated at-the-money put options are relatively expensive.
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What does it mean? In essence, securities for which investors expect par-
ticularly elevated upside volatility (expressed in expensive calls) display
tendency to subsequently overperform. On the other hand, the securities
for which the market expects high downside volatility (reflected in expen-
sive puts) tend to underperform. From the theoretical standpoint, the
authors link these observations to the gradual dissemination of informa-
tion suggesting that the option market incorporates information quicker
than equities, leading to the option pricing having already discounted
some information which is not fully included in the stock prices. Insightful
investors may try to take advantage of this phenomenon, predicting the
near-term stocks moves based on available option pricing data. This return
forecasting ability should be particularly strong for firms that operate in an
asymmetric information environment. Also, Ilmanen (2011) argues that
this “apparent underreaction in stock prices to option market informa-
tion” may partly reflect some insider trading: perhaps the owners of a
superior information prefer to use the leverage available in the option mar-
ket in order to maximize their profits.

Another interesting piece of evidence was provided by Doran and
Krieger (2010). The authors have examined a few different measures of
option skew and their abilities to forecast the cross-section of equity
returns, confirming in general the findings of Cremers and Weinbaum
(2010) stating that future payofts remain higher for stocks who’s at-the-
money calls display higher volatilities than the respective at-the-money
puts. Nonetheless, once they examined the option volatilities across differ-
ent strike prices, they also found negative skew tendency to predict better
future equity performance. In other words, equities with higher implied
volatility of out-the-money puts rather than of at-the-money puts produce
higher future payoffs, consistently with the hypothesis of negative skew-
ness premium.

A short review of other option-based studies of skewness has been
provided by, for example, Bali et al. (2016), who have also admitted that
the results are generally mixed. Conrad et al. (2013) and Bali and Murray
(2013) accentuate the negative relationship between the implied skew-
ness and future returns. Consistent evidence has been also delivered by
Amaya ct al. (2015), who focused on intraday data, as well by Boyer and
Vorkink (2014), who showed that options with implied skewness deliver
lower future returns. Interestingly, Xing et al. (2010) have documented
positive relationship between skewness and future returns. This positive



ARE STOCKS LOTTERIES:? THE SHAPE OF DISTRIBUTION MATTERS 181

link matches also the demand-based option pricing models by Bollen and
Whaley (2004) and Garleanu et al. (2009). The concept of demand-
based option pricing implies that investors who expect positive returns
gain exposure to stocks by buying call options and selling puts.
Analogously, investors anticipating negative returns establish exposure
by buying puts and selling calls. By doing so, they exert price pressure,
which increases or decreases relative prices, resulting in higher values of
implied skewness for the stocks that investors expect to increase in value
and lower values of skewness for the equities whose decrease they assess
more likely.

EMmpIrICAL TEST OF STRATEGIES BASED ON SKEWNESS

In the universe of strategies using historical return distribution, we ana-
lyzed two individual strategies: (1) total skewness and (2) maximum daily
return, or MAX.

Under the total skewness strategy, we followed the most fundamental
approach (Table 5.1) and sorted the equities on the total skewness calcu-
lated as the standardized third moment of the return distribution. We
therefore used 60-month trailing returns, and we relied only on monthly
data and subsequently ranked the stocks from the lowest to the highest
skewness variable. When forming the long-short portfolios, we assumed
the long position in the quintile portfolio with the lowest skewness and
the short position in the portfolio with the highest skewness. The results
for all the countries within the sample are reported in Table 5.1.

Regrettably, the sorting portfolios on the total skewness proved only
moderately successful. Although some of the markets indeed exhibited
some profitability, the overall performance remained rather mediocre. The
alphas on the long-short portfolios were both positive and significant in
ten countries, namely Canada, France, Germany, Greece, Hong Kong,
Italy, Japan, Norway, Singapore, and Sweden. We, nonetheless, observed
no apparent profitability in the majority of other markets.

The global long-short portfolio proved profitable with the countries
weighted either equally or on stock market capitalization. The global port-
folios weighted equally slightly outperformed the capitalization-weighted
strategics. Their cumulative returns are detailed in Figs. 5.2 and 5.3. The
streak of profits proved fairly stable but, alas, quite modest. The mean
monthly returns on the equally weighted (value-weighted) strategies
equaled 0.38% (0.30%) with the corresponding standard deviation of 2.05%
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Fig. 5.2 Cumulative return on equal-weighted portfolios formed on skewness.
(Note: The figure displays the cumulative return on the equal-weighted quantile
of the portfolios from sorts on skewness of return distribution over the trailing
60-month returns. The calculations were made based on monthly observations. Top
portfolio and bottom portfolio are quintile portfolios including the stocks with the
lowest and highest skewness of the return distribution, respectively. T-B portfolio is
the portfolio long in the top portfolio and short in the bottom portfolio. Market
is the value-weighted portfolio of all the country equity markets considered. All
the returns are expressed in percentage)
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Fig. 5.3 Cumulative return on value-weighted portfolios formed on skewness.
(Note: The figure displays the cumulative return on the value-weighted quantile of the
portfolios from sorts on skewness of return distribution over the trailing 60-month
returns. The calculations were made based on monthly observations. Top portfolio and
bottom portfolio are quintile portfolios including the stocks with the lowest and highest
skewness of the return distribution, respectively. T-B portfolio is long in the Top port-
folio and short in the Bottom portfolio. Market is the value-weighted portfolio of all
the country equity markets considered. All the returns are expressed in percentage)
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(2.77%). Thus, the annualized Shape ratio reached 0.64 (0.38), a way
lower than, for instance, the momentum-based stock-picking techniques.

The second strategy we tested was the maximum daily return approach
or the MAX. In this case, we closely followed Bali et al. (2011) and sorted
stocks on the maximum daily return over 30 preceding days. In particular,
we assumed the stocks with the lowest (highest) maximum daily return to
outperform (underperform) and sorted stocks into quintiles following this
simple approach.

Table 5.2 presents the performance of the portfolios formed on the
maximum daily return.

Interestingly, having examined international equity markets within the
quintile portfolios, the MAX strategy proved insignificantly profitable
when implemented with the long-short equal-weighted portfolios across
the majority of the countries. Admittedly, in the USA, the long-short
portfolio displayed a remarkable alpha of 1.11% per month. Nonetheless,
in the 16 other countries, the alphas were indifferentiable from zero with
the only notable exceptions including Canada, Greece, Hong Kong, Italy,
Portugal, Spain, Sweden, and the UK.

Importantly, due to the large capitalization and robust payoffs in these
countries, the global long-short MAX portfolio performed very well when
weighted either on capitalization or equally. Nevertheless, the mean
Sharpe ratio appeared minuscule compared to the momentum-related
strategies reaching only 0.40 (0.42) in the equal-weighted approach
(capitalization-weighted approach).

Figures 5.4 and 5.5 provide additional insights by presenting the cumu-
lative returns on the global MAX portfolios. Clearly, the low MAX quin-
tiles underperformed the high MAX quintiles, although the difference
proved smaller than, for example, for momentum. Noticeably, due to the
powerful MAX pattern in the large equity markets, including the USA
or the UK, the cumulative returns on the low-maximum daily return
stocks became particularly pronounced for the capitalization-weighted
countries.

As we have shown here, not only historical average returns and their
standard deviation impact the results but importantly the third moment of
the return distribution. Considering thus skewness, regardless of the mea-
surement method, can become a profitable technique in designing the
investment portfolio. Another valuable insight is applying seasonal
patterns.
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Fig. 5.4 Cumulative return on equal-weighted portfolios formed on maximum
daily returns. (Note: The figure displays the cumulative return on the equal-weighted
quantile of the portfolios from sorts on the maximum daily return in the last 30 days.
The calculations were made based on daily observations. Top portfolio and bottom
portfolio are quintile portfolios including the stocks with the lowest and highest
maximum daily return, respectively. Market is the value-weighted portfolio of all the
country equity markets considered. All the returns are expressed in percentage)
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Fig. 5.5 Cumulative return on value-weighted portfolios formed on maximum
daily returns. (Note: The figure displays the cumulative return on the value-
weighted quantile of the portfolios from sorts on the maximum daily return over
the last 30 days. The calculations were made based on daily observations. Top
portfolio and bottom portfolio are quintile portfolios including the stocks with the
lowest and highest maximum daily return, respectively. Market is the value-
weighted portfolio of all the country equity markets considered. All the returns are
expressed in percentage)
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CHAPTER 6

Januaries, Mays, and Lunar Cycles: Stock
Selection with Seasonal Anomalies

Do stocks behave similarly in all months? Do they yield the same returns
across the weekdays? The ever-growing empirical evidence suggests that
they don’t. Financial markets display a full array of calendar patterns and
seasonal anomalies that more or less powerfully impact the returns. While
most patterns have been known for a very long time, a few have just been
proved to predict the cross-section of returns and create over performing
investment portfolios.

Here we will concentrate on the seasonal patterns emerging in the
stock market and translate them into efficient investment strategies. While
the sources and explanations of these patterns may differ, from an inves-
tor’s perspective they are all purely price based. In order to implement the
seasonality strategies, the investor needs no extensive knowledge of the
fundamentals or macroeconomic situation: the only useful input is the
price and the knowledge of the calendar.

SEASONAL ErrecTts IN EQUITY MARKETS

Let us begin the investigation of the seasonal patterns with a quick review
of various seasonal and calendar effects ruling the equity markets.
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January Effect The January effect, or in other words, the turn-of-the-year
effect, is a tendency of stocks to outperform in January. Since its first
observation made by Wachtel in 1942, it has been frequently researched.!

Interestingly, the January effect emerges not only among the raw stock
returns but also across the most popular strategies. Perhaps, the most well
recognized is its relationship with the size effect: the January effect
becomes the strongest in small stocks (Keim 1983; Rogalski and Tinic
1986). In other words, in January small companies markedly outperform
the larger enterprises. It also has implications for other return factors. The
value strategies are thought to underperform in December while outper-
forming in the beginning of the year. Considering the momentum effect,
investors are perceived to stick to the winning companies at the end of the
year and then switch to the value stocks in January. In other words, the
momentum anomaly delivers high returns in the last month of the year
but at the same time a rather poor performance in January. The empirical
evidence seems to be generally supportive of such reasoning. Davis (1994)
and Loughran (1997) have confirmed that the stock-level value premium
to be particularly high in January, while Yao (2012) and Novy-Marx
(2012) indicated the momentum returns to be the highest in December
and the lowest in January. Finally, the January effect exerts influence on
these strategies not only at a stock level but also at the country or industry
level (Zaremba 2015; Zaremba and Umutlu 2018).2

Perhaps the most comprehensive study of the January effect in the US
equity market was conducted by Haug and Hirschey in 2006. The authors
have contributed to the evidence digging out returns dating back even to
1802 and found the January effect consistent with small-capitalization
stocks. Also, Haug and Hirschey have identified the seasonal pattern in
monthly returns using portfolios based on size and book-to-market factors.
They have also documented a persistently negative January effect for
momentum stocks. Overall, the authors concluded that the January effect
is a real and continuing anomaly in small-cap stock returns, and one that is
still defying an easy explanation even after over 30 years of its discovery.

'For classical literature, see, for example, Rozeff and Kinney (1976), French (1980),
Gibbons and Hess (1981), Lakonishok and Levi (1982), Roll (1983), Keim (1983),
Reinganum (1983), Ariel (1987), and Haugen and Lakonishok (1988).

2An investigation of analogous patterns in government bond markets by Zaremba and
Schabek (2017) found no similar evidence.
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The most comprehensive international study was conducted by Zhang
and Jacobsen (2013). This looked at over 300 years of monthly data on
the UK stock market, starting in 1693, using the longest time-series avail-
able and thus providing the authors with a relatively fresh data set, not
directly linked to the US equity market.

Jacobsen and Zhang found the performance of different months vary-
ing over time with no single month—not even January—markedly out-
performing the market in all their 50- and 100-year subsamples.
Surprisingly, throughout the first 150 years, January, instead of excelling,
ranked below the average. Furthermore, before 1830 they observed a
strong positive December effect, which weakened as the January effect
grew in strength. The authors finally concluded that the January effect
could not have been imported from the US market as during the period
the January returns in the USA remained negative.

Sell-in-May-and-Go-Away Effect The “sell-in-May-and-go-away” effect
(in short, “sell-in-May”, also referred to as the Halloween indicator) man-
ifests itself in the outperformance of stocks from November to April rela-
tive to the remainder of the year. This phenomenon, originally identified
by Bouman and Jacobsen (2002) across 36 equity markets, has been since
confirmed in broader and longer samples by Castro and Schabek (2014)
or Jacobsen and Zhang (2014) whose latest study has delivered markedly
comprehensive results. The authors have used all available stock market
indices for all 108 stock markets across all time periods, incorporating in
total 55,425 monthly observations spanning over 319 years. The amassed
evidence showed that winter returns—November to April—amount to
4.52% (t-value 9.69) and exceed the remaining summer returns.
Interestingly, the effect has been gaining momentum with the average dif-
ference between November—April and May—October returns reaching
6.25% over the past 50 years. Jacobsen and Zhang (2014) have docu-
mented the sell-in-May trading strategy to beat the market more than
eight out of ten times over the five-year time period.

The effect of the Halloween indicator is usually explained by mood
fluctuations in equity markets. Kamstra et al. (2003) pointed to the so-
called seasonal affective disorder (SAD) in the seasonal time-variation of
stock market returns. As the authors point out, “SAD is an extensively
documented medical condition whereby the shortness of the days in fall
and winter leads to depression for many people. Experimental research in
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psychology and economics indicates that depression, in turn, causes
heightened risk aversion.” Consequently, the authors provide convincing
evidence that the stock returns are significantly linked to the amount of
daylight in fall and winter. More interestingly, this pattern emerges slightly
different at different latitudes and in different hemispheres: the higher
latitude markets show more pronounced SAD effects, and the results in
the Southern Hemisphere remain six months out of phase, as are their
seasons.

The “sell-in-May-and-go-away” phenomenon is particularly visible in
equity indices, which helps to predict which countries will overperform in
the forthcoming months. Many papers have also offered some simple trad-
ing strategies based on the Halloween indicator.?

The Other January Effect In 2006, Cooper et al. came up with another
January-related phenomenon: the so-called the other January effect. The
researchers argued that the performance of stock returns in January
emerges as a predictor of the stock returns in the rest of the year. In other
words, if January return is positive, then the rest of the year should also be
positive and vice versa. Having investigated the data spanning from 1825
to 2003, the authors found satisfactory evidence to support the effective-
ness of the “other January effect”.

Why would this effect work? Cooper et al. have proposed three possible
explanations related to (a) business conditions, (b) presidential cycles, and
(c) the investor sentiment. None of them, however, have been supported
by data. Stivers et al. (2009) have also suggested further explanations
attributing it to internationally priced risk factors, a ubiquitous behavioral
bias, or simply dismissing it as a temporal anomaly. In other words, it
could be a statistical aberration with no underlying economic explanation,
or simply tied to a specific period in a history (see, also, Schwert 2003).

The latest evidence seems to point to the latter explanation with
Marshall and Visaltanachoti (2010) showing that a simple strategy based
on the other January effect in fact underperforms a simple buy-and-hold
strategy before and after the risk adjustment. Also, Bohl and Salm (2010),
who having researched the effect across 19 international markets, found

3For further examinations, see Jacobsen et al. (2005), Hong and Yu (2007), Doeswijk
(2008), Dumitriu et al. (2012), Sum (2013), Okada and Yamasaki (2014), Dichtl and
Drobetz (2015), Dzhabarov and Ziemba (2016), Kamstra et al. (2017), Hirshleifer et al.
(2017), and Zaremba and Schabek (2017).
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no supportive evidence documenting only 2 out of 19 countries exhibit-
ing a robust Other January Effect. In the light of this evidence, Bohl and
Salm (2010) concluded that the other January effect can’t be an interna-
tional phenomenon.*

Ramadan Effect Ramadan fasting is one of the most well-known and cel-
ebrated religious rituals around the world. Could it also influence the per-
formance of equity markets? Although astonishing, a recent study by
Biatkowski et al. (2012) revealed that in countries with a majority of
Muslim population, the stock market companies display markedly more
favorable behavior in the time of Ramadan than in other periods of the
year.® Not only were the stock market returns nine times higher in
Ramadan as compared to the other months, but they also saw a decrease
in market volatility. This surprising phenomenon has been documented in
asample of 14 predominantly Muslim countries over the years 1989-2007.

How is it possible that the equity markets perform that well during
Ramadan? According to Biatkowski et al. (2012), Ramadan seem to affect
investors’ psychology, encouraging feelings of solidarity and social identity
across Muslims communities, boosting their optimistic beliefs which then
extend to their investment decisions. While other researchers asserted that
“as indicated by research in positive psychology, religion provides a valu-
able form of social support, encourages optimistic beliefs, and contributes
to the believers’ happiness” (Beit-Hallahmi and Argyle 1997), some even
suggested that fasting in itself can exert positive impact on investors’
minds: “Clinical research shows that the Ramadan fasting generally makes
people less tense and anxious (Daradkeh, 1992) and that it may also
induce mild states of euphoria (Knerr and Pearl, 2008).”

The study of Biatkowski et al. (2012) piqued interest in the Ramadan
effect, spinning off'a number of further studies from which most confirmed
the existence of the phenomenon, casting, nonetheless, some doubt on
the persistence of the anomaly.®

*Nighter pooled investigations of multiple anomalies in developed, emerging, and frontier
markets produced supportive evidence of the “other January effect” (Zaremba and Szyszka
2016; Zaremba 2017; Zaremba and Andreu Sianchez 2017).

SWhile the study of Biatkowski et al. (2012) is usually considered seminal, Husain (1998)
and Seyyed et al. (2005) delivered some earlier evidence on the Ramadan seasonality.

°For further evidence, see Mustafa (2011), Ariss et al. (2011), Alumdhaf (2012), Nai-
Chiek (2013), Alatiyat (2014), Biatkowski et al. (2013), Al-Khazali (2014), Weber and
Nickol (2016), Sonjaya and Wahyudi (2016), and Ali et al. (2017).
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Duaily Anomalies Apart from the above anomalies based on monthly anal-
ysis, other return regularities can be detected only when using higher-
frequency time-series: weekly, daily, or even intraday time frames. The
“weekend effect”, or “Monday effect”, predicts visibly lower equity
returns on Mondays than on other weekdays, in particular dipping below
the level of the preceding Friday. The weekend effect is usually explained
by the tendency to disclose bad corporate news on Friday after the market
closure, which in turn depresses the prices on Monday. Other theories link
the Monday effect to short selling, as it frequently affects equities with
high short-interest positions, or to investor sentiment fading over the
weekend with some researchers also arguing that it may all be a result of
data mining.”

Another daily phenomenon is the Holiday effect. This term has been
used to describe a surge in stock prices, usually attributed to an increase in
buying activity by traders immediately before holidays. Historically, equity
prices have advanced significantly higher, as a percentage, on pre-holiday
trading days. This phenomenon, explained usually by investor sentiment
and behavioral biases, refers to a broad array of different holidays, including
Christmas Day, New Year’s Day, Martin Luther King Jr. Day, Good Friday,
President’s Day, Memorial Day, Independence Day, Labor Day,
Thanksgiving Day, and Election Day. Investors may capitalize on this
anomaly by staying in cash during other trading days and leveraging equity
exposure before holidays. The return pattern is not only limited to the
American equity market but appears to work well also in other countries.®

Focusing on the weekly effects, the intra-month effect predicts exis-
tence of positive returns only in the first half of the month whereas its
variant, the turn-of-the-month effect, implies that the last day of the month
and the subsequent three days are to be particularly elevated.®

“For references on the weekend effect, see French (1980), Gibbons and Hess (1981),
Keim and Stambaugh (1984), Jatfe and Westerfield (1985), Harris (1986), Connolly (1989),
Aggarwal and Rivoli (1989), Lakonishok and Maberly (1990), Abraham and Ikenberry
(1994), Sias and Starks (1995), Dubois and Louvet (1996), Choudhry (2000), Rubinstein
(2001), Steeley (2001), and Sullivan et al. (2001).

8For evidence, see Ariel (1990), Cadsby and Ratner (1992), Bhana (1994), Kim and Park
(1994), Arsad and Coutts (1997), Meneu and Pardo (2004), Marrett and Worthington
(2009), Ciao et al. (2009), Tiakas (2010), Gama and Viera (2013), Alagidede (2013), and
Carchano and Pardo (2015).

?For evidence, see, for example, Ogden (1990), Cadsby and Ratner (1992), Hensel and
Ziemba (1996), Kunkel et al. (2003), or Ziemba (1991).
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In summary, financial literature documents a range of different calendar
regularities across equity markets, which to some extent naturally overlap.
As January resides within the period November—May, it may equally feed
into the “sell-in-May” anomaly, driving the returns up throughout the
three months. Aiming to disentangle these various calendar effects,
Swinkels and van Vliet (2012) have conducted an interesting analysis by
considering a range of different regularities jointly. They have examined
the interactions between five broadly acknowledged seasonal anomalies,
namely the Halloween effect, January effect, turn-of-the month effect,
weekend effect, and holiday effect. The researchers have identified the
Halloween and turn-of-the month effect as the strongest, asserting that
controlling for them makes all the other calendar effects irrelevant.
Although when accounted for the effects, the equity premium amounted
to 7.2%, once the effects were excluded, the premium fell to —2.8%. The
findings proved robust under a number of different considerations, includ-
ing transactions costs, across different samples, market segments, and
international stock markets. Summing up, Swinkels and van Vliet shrink
the number of anomalies to only two, leaving them even more puzzling
for the academic community.

CALENDAR ANOMALIES IN THE CROSS-SECTION OF RETURNS

As equity markets exhibit a range of different, to some extent intertwined,
anomalies, can we employ them for equity selection? Can they help us
predict which stocks will perform better in the nearest future? Yes—with
the help of “seasonality” momentum.

Seasonality momentum was initially discovered by Heston and Sadka
(2008, 2010) and later expanded and extensively documented by
Keloharju et al. (2016). The latter research team investigated whether
stocks with good returns in one calendar month are also likely to outper-
form in the same calendar month in the following year.

To capitalize on this return pattern, Keloharju, Linnainmaa, and Nyberg
crafted a simple investment strategy. Having sorted equities on the average
stock return in the same calendar month in the past, the researchers went
long (short) on the equities with the highest (lowest) same-month return.
A strategy based on the sorts of the same-month return delivered on aver-
age 13% per year within the US equity market in the period 1963-2011.
Importantly, the strategy of sorting on the same calendar month produced
a mean monthly return of 1.19%, while ranking on the other-month cal-
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endar returns displayed a negative mean monthly return of —0.96%. In
consequence, the long-short same-other portfolio exhibited as much as
2.16% per month, with the corresponding #-statistic of 7.94. This size of
abnormal returns is rarely encountered even among the best-established
and most profitable equity anomalies.

The elevated payofts on the “seasonality momentum” may be surpris-
ing, especially given the astonishing simplicity of the strategy. Moreover,
Keloharju, Linnainmaa, and Nyberg showed that the profitability of their
strategy is truly ubiquitous, having also researched country equity indices
and commodities focusing not only on the monthly frequency but also on
the daily data. The seasonality momentum strategy has been also identified
in equity anomalies both within the USA and across a broad sample of
international markets. Without doubt, the cross-sectional seasonality
seems to belong to the narrow circle of the most reliable equity anomalies
ever discovered.

EmpriricAL TEsTS OF CROSS-SECTIONAL SEASONALITY
STRATEGIES

So how have seasonality strategies performed globally over the last two
decades? Examining this question empirically, let us zoom in on the cross-
sectional seasonality strategy by Keloharju et al. (2016). Replicating it, we
monthly ranked all the stocks based on their average return in the same
calendar month over the previous 20 years. For example, to calculate the
strategy’s return in February, we sorted the equities on the average
February returns over the last 20 years. Next, we formed the usual quintile
portfolios. For the long-short portfolio, we assumed a long position in the
securities with the highest average return and the short position in equities
of the lowest return. The results of the strategy across both individual
portfolios and globally are presented in Table 6.1.

The seasonality strategy worked fairly well in our sample representing
international markets. The long seasonality portfolios outperformed the
short portfolios in 15 out of 24 markets considered. Looking at the excep-
tionally high outperformance, the long-short portfolios in Japan delivered
a monthly alpha of 0.87% (#stat = 6.07) while in the UK the alpha
amounted to 0.89% per month (# = stat = 0.89). All global long-short
portfolios saw a monthly mean return (alpha) of 0.54% (0.52%) when
equal-weighted, and 0.65% (0.64%) with the individual markets weighted
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by capitalization. Importantly, the global seasonality portfolios displayed
very low levels of volatility: not only their betas were close to zero, but also
their standard deviation stayed as low as 1.41% and 1.73% monthly for the
equally weighted and value-weighted strategies, respectively. In conse-
quence, the Sharpe ratios rose impressively high reaching 1.32 and 1.29,
correspondingly.

The times-series of cumulative returns on the global seasonality, dis-
played in Figs. 6.1 and 6.2, confirm the stability of the strategy profits.
Both under the equal-weighting (Fig. 6.1) and value-weighting (Fig. 6.2)
approaches, the strategies recorded no major visible drawdown during the
entire 20-year period, showing a great promise for the future reliability of
this stock picking technique.
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Fig. 6.1 Cumulative return on equal-weighted global seasonality portfolios.
(Note: The figure displays the cumulative return on equal-weighted quintile port-
folios from sorts on the average monthly return in the same calendar month over
the past 20 years. The calculations were made based on monthly observations. Top
portfolio and bottom portfolio are quintile portfolios including the stocks with the
highest and lowest average monthly returns, respectively. T-B portfolio is the port-
folio long in the top portfolio and short in the bottom portfolio. Market is the
value-weighted portfolio of all the country equity markets considered. All the
returns are expressed in percentage)
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Fig. 6.2 Cumulative return on value-weighted global seasonality portfolios. (Note:
The figure displays the cumulative return on value-weighted quintile portfolios from
sorts on the average monthly return in the same calendar month over the past 20 years.
The calculations were made based on monthly observations. Top portfolio and bottom
portfolio are quintile portfolios including the stocks with the highest and lowest aver-
age monthly returns, respectively. T-B portfoliois the portfolio long in the zop portfolio
and short in the bottom portfolio. Market is the value-weighted portfolio of all the
country equity markets considered. All the returns are expressed in percentage)

The cross-sectional seasonality emerges as another effective approach
to stock picking in international markets. Together with momentum,
reversal, skewness, and low risk, it forms a comprehensive toolbox for
every quantitative investor. Importantly, all the strategies uniquely trans-
form prices to generate the return predictive signals. Could the raw price
be also used to forecast future performance? We will find out in the next
chapter.
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CHAPTER 7

Predicting Prices Based on... Prices?
The Role of Nominal Prices

As we know, both fundamental and technical analyses investigate a broad
range of various sophisticated variables to predict future returns. What
would happen then if we zoomed in on the simplest possible variable, the
price itself? Theoretically, the price should have zero impact on the future
returns, being merely a “technical number” with no real reference to the
fundamental data. In practice, however, the price does play a role.

THE ROLE OF Raw PRICES

Interestingly, the evidence on the precise direction of the price impact on
future returns remains to a large extent confusing.! The early research had
pointed to something called the “low-price effect” which, in essence, is a
stock anomaly of low-priced shares significantly outperforming high-priced
shares on a risk-adjusted return basis. The phenomenon was first discov-
ered by Fritzmeier (1936) researching the US stock market. Fritzmeier
proved that low-priced stocks yield higher returns but at the same time
entail higher risk. Clenderin (1951) and Allison and Heins (1966) identi-
fied price risk as related rather to the low “quality” of stocks perceived by
investors rather than low prices. In the following research, Blume and
Husic (1973) confirmed the initial observations of Fritzmeier (1936) and
scrutinized beta variability. Bachrach and Galai (1979) found that system-
atic risk did not fully explain the superior returns of cheaper stocks. Later,

! This section is based on and partially sourced from Zaremba et al. (2016).
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similar investigations were conducted by Christie (1982) and Dubofsky
and French (1988), who decided to apply different risk measures. The
superior performance of low-priced stocks was further confirmed by
Goodman and Peavy (1986) while Branch and Chang (1990) associated
the low-price effect with the secasonal patterns on the stock market.? Finally,
the effect was tested in a number of international markets: Kenya (Muthoni
2014), South Africa (Waelkens and Ward 2015), Poland (Zaremba and
Zmudziriski 2014 ), and Eastern Europe (Zaremba et al. 2016).

One of the most recent studies in support of the low-price effect was
authored by Hwang and Lu (2008). The authors investigated returns in
the US equity market within the years 1926-2006 proving that the share
price per se is indeed relevant to the future equity returns. Based on the
share price at the beginning of the research period, the authors sorted the
stocks into the following five quintiles: less than $5, $5-$10, $10-$15,
$15-$20, and more than $20. While within the time frame the shares with
the lowest prices delivered on average 1.84% per month, the shares with
the highest price only 1%. The difference amounting to 0.83% per month
was significant (#-stat exceeding 3.2) and robust to many considerations.
The profitability of this strategy turned out to be robust in the presence of
other effects such as size, liquidity, book-to-market equity, earning/price
ratio, and past performance. Interestingly, the payoffs were still highly
seasonal: the price-based strategy returns were generated almost solely in
January with the remaining months yielding insignificant returns.

Why then would the low-price effect work? In behavioral finance, the
relative performance and valuation of low-priced stocks are usually linked
with the phenomenon of share splits. First Bar-Yosef and Brown (1979),
and later Strong (1983), observed that the low-price effect was valid for
companies which split their shares. This was explained by the catering the-
ory of nominal stock prices. According to Baker et al. (2009), the theory
predicts that when investors place higher valuations on low-priced firms,
managers respond by supplying shares at lower price levels, and vice versa.
The theory assumes that managers believe nominal prices matter to inves-
tors and gain motivation from evidence that key return characteristics are
affected by the nominal price. The splits become more frequent when the
valuations of low-priced firms appear attractive relative to high-priced firms.
The catering theory predicts splits to lower prices when the lower price
shares are favored.

2The low-price anomaly was also examined by Pinches and Simon (1972), Strong (1983),
and Edminster and Green (1980).
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A closely related topic is stock splits. In his well-known research paper
Benartzi et al. (2006) revealed that since the Great Depression the average
nominal share price in the USA remained constant at around $30, despite
the inflation, owing to none other than stock splits. Why then firms are so
motivated to continue to split their shares? In principle, there are at least
three credible attempts to answer this question. The first idea is “signal-
ing”, according to which firms keep their share prices low to signal that
their higher quality status (Brennan and Copeland 1988; Ikenberry et al.
1996). The second hypothesis—sometimes referred to as “optimal trading
range hypothesis”—points to the ownership base of the firm. It implies
that management needs to keep the prices in a certain range to increase
their ownership base. Although admittedly this is one of the most widely
acknowledged explanations (Baker and Gallagher 1980), the supporting
empirical evidence seems rather disappointing, examining, for example,
the studies of Lamoureux and Poon (1987) and Mukherji et al. (1997).
While Lamoureux and Poon (1987) did find a number of shareholders
increase after the stock split, Mukherji et al. (1997) indicated that the
proportion of institutional ownership remains afterward unchanged. The
third hypothesis points to liquidity conditions. Theoretically, after the split
the firm should be able to attract more individual investors, and thus the
liquidity should improve (see, e.g., Baker and Gallagher 1980; Muscarella
and Vetsuypens 1996; Schultz 2000). Interestingly, having examined the
three theories jointly, Weld et al. (2009) concluded that neither is able to
explain stock splits satisfactorily. As summarized by Hwang and Lu (2008),
the jury is out.

By no means all researchers agree that the low-priced stocks perform
that well. In 2015 Jason Birru and Baolian Wang identified a hole in the
earlier reasoning for the low-price effect indicating that any model of
equity prices, whether based on discounted dividends or cash flows,
assumes an inverse link between the prices and expected returns, namely
the lower the prices, the higher the future returns. Why? If a stock is risky,
then the future payofts will be discounted with higher discount rate,
implying higher expected returns but also a lower future price. In conse-
quence, if we sort the companies based on raw share prices, the groups will
include two countervailing components: the first, a mechanical discount
effect, implying that low-priced stocks should yield higher future returns,
and the second, the so-called nominal price effect, predicting low-priced
stocks to underperform.
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To test this concept, the authors utilized a range of variables from
financial statements: assets per share, book value per share, earnings per
share, and dividends per share, which clearly correlate with the fundamen-
tal situation of the company. Thus controlling the variables, Birru and
Wang could examine the pure low-price effects within a sample of US
stocks for years 1968-2013 and discover that the fitter prices positively
predict returns: the strategy of a going position in high “fitted” price
stocks and a short in low “fitted” price stocks delivered a four-factor alpha
of more than 0.85% per month. The authors argued that the profits stem
mainly from behavioral mispricing, confirming that the payofts are stron-
ger both in the short and in the long leg of the long-short portfolio. In
particular, the short-leg profits earned on average —0.78% per month,
while the long leg an insignificant 0.08%.

Summing up, the effect of share prices on future returns still remains to
some extent controversial. The results are mixed; new studies bring more
surprising results, and the discussion continues.

REVERSE SPLITS

While analyzing the influence of prices on future returns, we should also
consider the reverse splits. This phenomenon is purely price-based and
bears international implications in the cross-section of returns.

A reverse stock split is an operation by which company stocks are effec-
tively merged to form a smaller number of proportionally higher priced
stocks.® This process is relatively less known than the regular stock splits,
which result in splitting a stock into less valuable stocks. The regular splits
have been rigorously researched across a plethora of periods and equity
markets, with the first studies dating back to the famous paper of Fama
etal. (1969). The reverse splits—forming one strain of the stock split phe-
nomena—have attracted little interest from the academic community.

In theory, share consolidations should have no impact on the stock’s
price. Yet, given how many companies conduct reverse splits only to find
themselves again in serious financial trouble, some investors regard reverse
splits as a capital punishment to the company’s prospects. Indeed, the
long-run performance following reverse splits appears anomalous, but
whether the subsequent abnormal returns are positive or negative remains
debatable.

3The issues discussed in this section were also described in Zaremba et al. (2016).
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The theoretical argumentation supports both the positive and negative
subsequent long-term returns. On the one hand, increasing nominal share
price creates conditions for better pricing. To this effect Hwang et al.
(2012) argued reverse splits reduce the transaction costs and help inves-
tors buy the stocks on margin, moving the share price closer to the desired
range, and thus improving marketability. Additionally, Han (1995) docu-
mented reverse splits to enhance the liquidity of the stock and increase its
trading volume, whereas Koski (2007) showed volatility to drop 25% as a
consequence of a reverse split. On the other hand, Kim et al. (2008) sug-
gested that “reverse stock splits are a strong indicator the company is
going to be a significant underperformer in the near future,” blaming the
subsequent poor returns on the investors’ underreaction. Further, Spudeck
and Moyer (1985) argued that “reverse splits appear to be better charac-
terized as a strong signal to the marketplace of management’s lack of con-
fidence in future stock price increases resulting from earnings
improvement.”

Interestingly, not only theoretical but also empirical evidence sheds
little light on the long-run post-split performance. Desai and Jain (1997)
as well as Kim et al. (2008) found that the firms which consolidated their
shares significantly underperformed throughout the three-year period fol-
lowing the event. On the contrary, Hwang et al. (2012), who investigated
the same stock market, observed significant positive returns in the three-
year post-reverse split period. These astonishing discrepancies have never
been explained, thus the long-term underperformance and overperfor-
mance still remain puzzling and unexplored phenomena in financial
literature.

Perhaps the most comprehensive study of reverse splits was conducted
by Zaremba et al. (2016). Their examinations provided both comprehen-
sive and international evidence on the long-run performance following
reverse splits. The authors used a sample of over 5000 reverse splits across
24 developed equity markets from three major global regions—North
America, Europe, and Pacific—within the years 1990-2016. The study
was largely out-of-sample, in both geographic and temporal terms. On the
one hand, Zaremba et al. (2016) investigated markets where the perfor-
mance following reverse splits had never been tested. On the other hand,
their study started in the year when the seminal research of Desai and Jain
(1997) ended.

The authors used an investor-friendly methodology, that is, the calen-
dar-time portfolio approach. In essence, they formed portfolios of stocks
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with reverse splits and evaluated their performance using asset pricing
models which allowed to gain a practical perspective of the investor on the
phenomenon of reverse splits.

As a result, Zaremba et al. (2016) provided convincing evidence for the
long-run performance following reverse splits. The negative abnormal
returns continued for 18 months after the splits and remained significant
in all the global regions: North America, Europe, and Pacific. In the
broadest global sample, the four-factor model alpha amounted to almost
—1% per month. Finally, any apparent positive abnormal returns appeared
driven solely by the anomalous performance of very small companies,
which are usually overrepresented among the firms consolidating their
shares. Summing it up in one slogan, investors, stay away from the com-
panies consolidating their shares!*

EmprIricAL TEST OF THE STRATEGIES BASED ON Raw PRricE

As we have pointed it out, the relation between the stock market price and
future returns in the cross-section is to some extent controversial. Let us
then empirically test whether these are low-price or high-price portfolios
that overperform. To investigate it directly, we replicated a price-based
security selection technique across the 24 countries in our sample.
Specifically, each month we ranked the securities on their nominal price at
the end of the previous month. Subsequently, we went long the quintile of
stocks with the lowest price and short the securities with the highest price.
The performance of the price-based strategies is reported in Table 7.1.

In general, our quick analysis supports the view that these are the low-
priced stocks that overperform, rather than the high-priced stocks. In 12
out of 24 countries, the low-priced securities significantly outperformed
the high-priced firms. The significant averages of returns (alphas) on the
long-short portfolios spanned from 0.44% (0.55%) in the UK to as much
as 2.45% (2.56%) in Hong Kong. Interestingly, the strategy did not work
in the biggest equity markets in our sample, namely the USA and Japan,
which may to some extent explain why some US-oriented studies showed
such a poor performance. Importantly, in none of the investigated markets
the high-priced companies delivered significantly higher returns than the
low-priced companies.

*Further investigations of the role of reverse splits could also be found in Klein et al.
(2006), Martell and Webb (2008), Maberly and Pierce (2011), Chung and Yang (2014),
and Neuhauser and Thompson (2014, 2016).
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At the global level, only the equal-weighted long-short portfolio exhib-
ited positive and significant alpha, which equaled 0.70%. The disappoint-
ing performance of the value-weighted global portfolio could be intuitively
understood, given that in the largest equity markets—the USA or Japan—
we observe no cross-sectional relation between prices and future returns.

Another drawback of the price-based strategy is its volatility. It can be
also seen in the Figs. 7.1 and 7.2 reporting the long-run cumulative
returns on the global portfolios from sorts on prices. The standard devia-
tion of monthly returns was 2.82% and 4.05% for the equal-weighted and
value-weighted returns, respectively. In consequence, the Sharpe ratios are
not very high amount to 0.78 and 0.19, when calculated for the equal-
weighted and value-weighted returns.

The strategy assuming forming portfolios on the basis of past price is
not ideal. Although it seems to work in multiple markets, it turned out
unprofitable in the largest of them. Furthermore, it is characterized by
relatively high volatility, negatively impacting the Sharpe ratios.
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Fig. 7.1 Cumulative return on international equal-weighted portfolios from
sorts on price. (Note: The figure displays the cumulative return on equal-weighted
quantile the portfolios from sorts on the stock market price at the end of the previ-
ous month. The calculations were made on the basis of monthly observations. Top
portfolio and bottom portfolio are quintile portfolio including the stocks with the
highest and lowest prices, respectively. T-B portfolio is the portfolio that goes long
the zop portfolio and short the bottom portfolio. Market is the value-weighted
portfolio of all of the country equity markets considered. All the returns are
expressed in percentage)
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Fig. 7.2 Cumulative return on international value-weighted portfolios from sorts
on price. (Note: The figure displays the cumulative return on value-weighted quantile
the portfolios from sorts on the stock market price at the end of the previous month.
The calculations were made on the basis of monthly observations. Top portfolio and
bottom portfolio are quintile portfolio including the stocks with the lowest and the
highest prices, respectively. T-B portfolio is the portfolio that goes long the zop port-
folio and short the bottom portfolio. Market is the value-weighted portfolio of all of
the country equity markets considered. All the returns are expressed in percentage)

Nevertheless, the price-based technique globally still produces nice pay-
offs and, hence, maybe it could be a good component of a multi-strategy
portfolio including more than one quantitative technique. We will research
this question explicitly in the next chapter.
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CHAPTER 8

To Time or Not to Time? Tactical Allocation
Across Strategies

The previous chapters offered a lot of different price-based strategies.
Their foundations were based on various underlying concepts and eco-
nomic intuitions, exhibited different risk-return profiles, and performed
differently at various times. Existing finance literature proposes a lot of
technical trading strategies. Essentially, they could be used as building
blocks to form efficient portfolios. Thus, the critical question for every
investor is how to select the right strategies and blend them together
within a portfolio.

There are two essential ways an investor can improve the risk-return
profile of the portfolio implementing the price-based strategies. First,
the investor can diversify his portfolio across various strategies which,
stemming from different philosophies, might also be more loosely cor-
related with each other. Thus, blending many strategies can decrease the
risk within the entire portfolio. Second, the investor can dynamically
change the allocation to various strategies. The aim, in this case, would
be to capture the periods of strong performance and avoid the times of
low returns on some anomalies. This, in turn, would still demand appro-
priate tools that could help forecast the future performance of particular
anomalies.

These two—to some extent contradictive—approaches have their pros
and cons. This chapter reviews and tests some basic ideas about how to
mix a number of different strategies in order to improve the overall per-
formance of a portfolio. We will begin by depicting the basic benefits of
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diversification and then continue with various more active approaches to
factor allocation. And all of that, naturally, based only on prices and past
returns.

DIVERSIFICATION ACROSS PRICE-BASED STRATEGIES

Since Markowitz (1952) deployed his groundbreaking paper “Portfolio
Selection”, we have been aware that risk of the portfolio springs from two
elementary sources. The first essential is the volatility of each portfolio
component. Clearly, the more volatile the individual stocks are, the riskier
the entire portfolio is. The second element is how the returns on individ-
ual portfolio components correlate with each other: where low correlation
may evoke rapid risk reduction within the portfolio.

A very neat summary of the benefits of diversification across different
strategies was provided by Ilmanen and Kizer in their paper titled “The
Death of Diversification Has Been Greatly Exaggerated” published in
2012. In this research, the authors compared the effectiveness of dynamic
factor diversification relative to diversification across asset classes. They
provided convincing proofs that diversifying across multiple strategies is
much more effective than diversifying across asset classes alone.

Ilmanen and Kizer formed two alternative portfolios: an asset-class-
diversified portfolio and a factor-diversified portfolio. The first of these
portfolios assumed an equal-weighted allocation to various traditional
asset classes, including US stocks, non-US developed market equities,
global government bonds, global non-government bonds, and emerging
market stocks, small-cap stocks, commodities futures, and property. On
the other hand, the factor-based portfolio comprised of a few factor strate-
gies implemented via long-short approach. These were five equal-weighted
elements, beginning with four style premia components: momentum
stock style, global value stock style, global carry style, and trend style. The
final two styles are representative of liquid macro-asset trading using for-
wards and futures for equity, fixed income, currencies, and commodities.
Eventually, the fifth and final component of the factor portfolio is US
large-cap equity, which was employed as a proxy for the equity premium
factor (Sule 2012).

Having formed the portfolios, the authors evaluated them with standard
measures, like Sharpe ratios. Ilmanen and Kizer showed the performance
and risk statistics for popular US asset classes (US equity, Treasury bonds,
and corporate bonds) and factor premiums (size, value, and momentum)



TO TIME OR NOT TO TIME? TACTICAL ALLOCATION ACROSS STRATEGIES 229

for the period of 1927-2010. The results confirmed that the cross-factor
diversification is much more efficient than cross-asset diversification. This is
particularly thanks to low or even negative correlation between various
strategies. In consequence, the volatility of the asset-only diversification
amounted to 9.14% per month, while for the style-based portfolios only
4.36%. The differences in Sharpe ratios were also tremendous, equaling
0.48 and 1.77, respectively. Truly, diversification across strategies works.

Importantly, one of the additional insights provided by Ilmanen and
Kizer (2012) was that these benefits of diversification stem largely because
of the negative correlation between the returns on value and momentum
strategies. Interestingly, this issue was later pursued also by Asness et al.
(2013), who frequently proxied “value” with the long-run return. Thus,
they proved that even in the universe of price-based strategies the risk-
return profile could be greatly improved.

To sum up, the lesson that comes from these pieces of research is plain and
simple. If you want to improve the performance of your portfolio, mix mul-
tiple strategies. Weight them even as simple as equally, but use many of them.
The low correlation will give your portfolio a boost, improving the risk-
return profile. And it could work for the price-based strategies as well!

MOMENTUM ACROSS ANOMALIES

Equal weights are straightforward. But could we use some slightly more
sophisticated weights to further improve the performance? Let us take an
example of momentum. Could the momentum effect be used to efficiently
allocate funds across many strategies?

Oh yes, it could! As we have already documented in one of the chap-
ters, the momentum effect is one of the most robust and pervasive stock
market anomalies ever discovered. It has been documented across many
stock markets (Chui et al. 2010) and asset classes (Asness et al. 2013). It
is a strategy that has worked well for over two centuries. While Chabot
et al. (2008) proved that momentum was profitable even in the Victorian
age, Geczy and Samonov (2016) have made a tremendous research effort
to demonstrate that momentum has been present in the US equity market
since 1800.

Interestingly, multiple studies have also demonstrated that the momen-
tum phenomenon is present at the meta-level, that is, in the returns on
investment strategies. In other words, the momentum effect could be uti-
lized to select the best performing strategies for the future: their historical
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returns are indicative of future payoffs. A number of recent research papers
argue that it is possible to apply momentum strategies to successfully rotate
among investment styles (Chen and De Bondt 2004; Teo and Woo 2004;
Tibbs et al. 2008; Clare et al. 2010; Chen et al. 2012). Kim (2012) and
Chao et al. (2012) have also proved that this is not only an equity market
phenomenon, but that style momentum is present across many asset classes.
Avramov et al. (2017) were the first to apply the concept of momentum to
stock market anomalies. Zaremba and Szyszka (2016) and Zaremba (2017a)
provided an out-of-sample confirmation of this effect in the Polish emerg-
ing market and in frontier equity markets, respectively. Finally, Zaremba
(2015) delivered evidence that the momentum phenomenon drives the
returns on cross-sectional strategies at the country level as well as at the
stock level.

Despite this research, there is no single, broadly accepted explanation
for the momentum found across investment strategies. Barberis and
Shleifer (2003) have suggested that some investors categorize risky
assets into different styles and allocate funds based on relative past per-
formance. Thus, the investors move into styles that have provided good
returns in the past and finance this shift by withdrawing funds from
styles that have underperformed. Barberis and Shleifer (2003) have also
assumed that these fund flows affect prices and imply an autocorrelation
in style returns. Peng and Xiong (2006) have argued that due to limited
attention, investors tend to focus more on market-level and sector-level
information than on firm-specific information, while Teo and Woo
(2004) have attributed style momentum to performance chasing. On
the other hand, Kim (2012) has interpreted the style momentum as
consistent with underreaction models. Avramov et al. (2017) have indi-
cated that due to investors’ learning as well as improvement in liquidity,
the profitability of investment strategies may decline over time. Thus,
the momentum strategy might be used as a tool to select the most
robust cross-sectional patterns. Eventually, Zaremba and Shemer (2017)
have shown that it might be at least partly driven by the stock-level
momentum.

Summing up, there is a reasonable amount of evidence that the momen-
tum could form an efficient basis for cross-factor allocation. It appears that
overweighting the strategies with good past performance and under-
weighting these with poor results could further improve the efficiency. We
will test this idea directly in this chapter.
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THE RoLE OF LONG-TERM RETURNS

Momentum—also across the anomalies—usually concentrates on a short-
run or long-run autocorrelation. For instance, Avramov et al. (2017)
examined persistence based on 1-month returns, and Zaremba and Szyszka
(2016) considered 12-month trailing returns. What about the longer
term? In this case, the results are a bit mixed. Arnott et al. (2016) argue
that the quantitative strategies also display a long-run reversal in returns.
They indicate that long-run elevated returns may lead to an overvaluation
of certain strategies. This idea corresponds with the concept of value
spread, implying the difference in valuation ratios of various sides of the
long-short anomaly portfolio helps to predict future returns.!

On the other hand, there are a handful of papers that suggest that the
long-run performance could also reveal positive correlation with future
returns. The basic idea behind this concept is that by measuring the long-
run returns one might capture the cross-sectional variation in long-run
return. In other words, you may see what is the long-run average return
on the anomaly and thus allocate money to the best strategies. This idea
was tested by Zaremba (2017a) in frontier markets, who also showed that
the short-run momentum and long-run persistence are two separate driv-
ers of returns, which could be combined to further improve the risk-return
profile. The positive long-run correlation in returns was also identified in
government bond markets (Zaremba 2017a).

To sum up, the predictive power of the long-run anomaly returns is a
complicated issue. In this book, we will test to what extent it could be used.

Cross-Sectional Seasonality

One of the earlier chapters described a strategy called “seasonality momen-
tum” or cross-sectional seasonality (Keloharju et al. 2016). It assumed
sorting stocks based on their past returns in the same calendar month in
the past: securities with the high (low) average return in the same calendar
month tended to overperform (underperform) in the future. Interestingly,
the authors showed that this strategy works also within the universe of
popular equity anomalies. In other words, you can pick up the strategies

'For examinations of the value spread, see Asness et al. (2000), Cohen et al. (2003), Liu
and Zhang (2008a, b), Michou (2009), Ilmanen et al. (2015), and Zaremba and Umutlu
(2018).
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on the bases of their past performance in the same calendar month in the
past. Could this approach be used to rotate among the price-based strate-
gies? We will check it.?

Empivical Test of Timing the Strategies

Let us now see how we can efficiently combine the portfolios of price-
based strategies. We will start this review with the simplest possible
approach: to equally weight all of the strategies in all portfolios. To
conduct this exercise, we consider the ten strategies that we have already
replicated in the earlier chapters of this book, assuming sorting on ten
different price-derived variables: relative momentum, moving average,
time-series momentum, long-run reversal, idiosyncratic risk, VaR, skew-
ness, maximum daily return, cross-sectional seasonality, and stock mar-
ket price. In each of the countries we consider we equally weight all of
the strategies, rebalancing them monthly. We do this experiment for
both long sides and short sides of the strategies, in other words with the
stocks with the highest and the lowest expected returns, respectively.
Eventually, we compute also the long-short portfolio, going long the
equally weighted portfolio of all the long sides of the strategies and
short all of the short sides of the strategies. The results of this analysis
are reported in Table 8.1.

Table 8.1 presents the power of diversification across different strate-
gies. The performance of the blended strategies was clearly more stable
than of the individual strategies. For example, when we take a look at the
long-short portfolios, it turns out that the average standard deviation of
the returns is really low. The volatility of the equally weighted global port-
folio amounts to only 2.13. In consequence, the as many as 20 of the
portfolios are significantly profitable. Moreover, the Sharpe ratios rise
remarkably, and in the case of the long-short global portfolio, it amounts
to as much as 1.05.

The simple equal weighting of the strategy portfolios is a powerful tool.
Indeed, it blends as much as 240 largely uncorrelated portfolios, so the
benefits must be considerable. However, can we improve it somehow fur-
ther? Oh, yes, we can. Below, we will try three different strategies based on
momentum concept. We will examine whether we can use the historical
returns to further improve the performance of portfolios of strategies.

2The effect was also tested and confirmed in factor portfolios by Zaremba (2017b).
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To build our momentum-based portfolios of strategies, we first sort all
of the considered strategies in all of the 10 countries (240 strategies) based
on the historical performance. We use three different indicators of the
historical performance: (1) the trailing 1-month return, (2) the trailing
12-month return with the most recent month skipped, and (3) the trailing
60-month return with the most recent 12 months skipped. In other
words, we rank the strategies on the average returns in the months (1)
t—1,(2) t—=12 to t—2, and (3) #—60 to r—13. We then measure short-term,
medium-term, and long-term performance, respectively. Importantly, the
measures were designed in the way so that they do not overlap each other.

When forming the portfolios, we broadly follow the approach of
Avramov et al. (2017). We apply the three indicated sorts to the long and
short sides of the strategies separately. Subsequently, we select the 20%
portfolios (48) with the best performance and 20% portfolios with the
worst performance, and equally weight them to obtain winner and loser
portfolios. As we apply this exercise separately to the long and short sides
of the price-based strategies, in consequence, we obtain four different
portfolios: Long winners and Long losers—the best and the worst perform-
ers among the long portfolios—and Short winners and Short losers—the
best and the worst performers among the short portfolios. Also, we form
long-short portfolios which go long the best winners and shorts the worst
losers. In other words, we assume a long position in the Long winners and
a short position in the Short losers.

So how are the momentum-based strategy-picking approaches doing?
Firstly, let us take a look at the portfolios of strategies formed on the
short-term performance, depicted in Table 8.2.

We are focusing first on the long sides of the trade. The long portfolios
with highest returns in the most recent month clearly outperformed the
portfolios with the poorest returns. The mean monthly returns amounted
to 1.59% and 0.54% for these two groups of strategies respectively, and the
corresponding alphas equaled 1.48% and 0.44%. The outperformance was
also visible in the Sharpe ratios, which amounted to 1.06 and 0.34 for the
losers and winners, respectively.

Also, when we concentrate on the short sides of the strategies, the win-
ners clearly fared better than losers. The alpha on the Short winners strat-
egy equaled 0.43%, while on the Short losers only 0.15%.

Not surprising, the long-short portfolio, which capitalized on the supe-
rior performance of long winners and the disappointing returns on the
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Table 8.2 Returns on portfolios of strategies from sorts on short-term
performance

Lony side Short side Lony Benchmark:
winners=short — all strategies
Lonyg Long Short Short losers  Jpsers equally
winners losers winners weighted
Mean 1.59*** 0.54 0.57 0.29 1.30*** 0.65***
(4.70) (1.48) (1.31) (0.64) (5.55) (5.06)
Volatility 5.17 5.59 6.40 6.75 3.78 2.13
Sharpe 1.06 0.34 0.31 0.15 1.19 1.05
ratio
Worst -18.94 -29.81 -24.387 -32.99 -12.17 -9.29
month
Best 17.69 14.63 18.50 26.43 14.31 7.66
month
Skewness  —0.42 -1.04 —0.44 -0.48 -0.10 -0.58
Kurtosis 1.41 3.82 1.38 3.32 2.02 3.63
Alpha 1.48*** 0.44 0.43 0.15 1.32%** 0.69***
(4.27) (1.16) (0.98) (0.34) (4.94) (4.43)
Beta 0.22** 0.20 0.28** 0.28* —-0.06 -0.09
(2.48) (1.61) (2.57) (1.92) (=0.71) (—2.65)

Note: The table presents the performance of portfolios of price-based strategies from sorts on the one-
month performance. Each month, we sort 240 long and short portfolios (relative momentum, moving
average, time-series momentum, long-run reversal, idiosyncratic risk, VaR, skewness, maximum daily
return, cross-sectional seasonality, and stock market price in 24 countries) on their return in the most
recent month. The Long winners (Lonyg losers) are 20% of the long sides of the strategies with the best
(worst) performance. The Short winners (Short losers) are 20% of the short sides of the strategies with the
best (worst) performance. The portfolio “Long winners—short losers” is a long-short portfolio going long
the Long winners and short the Short losers. We also report the performance of a benchmark portfolio
equally weighting all the ten considered strategies in 24 countries. All the computations are based on
monthly returns. Alpha and beta come from the CAPM. Mean returns, standard deviations, best and
worst months, and alphas are expressed in percentage. The Sharpe ratio is expressed on annualized basis.
Asterisks *, ** and *** indicate values significantly different from zero at the 10%, 5%, and 1% levels,
respectively

short losers, delivered extraordinary profits. The mean return amounted
to 1.30% per month, and the corresponding alpha 1.32%. These values
nearly double the analogous measures for the benchmark equally weight-
ing all of the strategies. Conclusion? Yes, we are able to select strategies
more efficiently than simple weighting them equally. And the sorting on
the last-month performance is a great example.

Tables 8.3 and 8.4 report analogous strategies but from the sorts on
different periods. Importantly, our method is very robust. No matter on
what historical period we sort the portfolios, the winners remain winners
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Table 8.3 Returns on portfolios of strategies from sorts on medium-term
performance

Lony side Short side Lony Benchmark:
winners=short  all strategies
Long Lonyg Short Short losers  Jpsers equally
winners losers winners weighted
Mean 1.32%** 0.57 0.51 0.23 1.36*** 0.65***
(3.80) (1.45) (1.04) (0.42) (5.76) (5.06)
Volatility 5.29 5.76 6.68 7.39 3.99 2.13
Sharpe 0.86 0.34 0.26 0.11 1.18 1.05
ratio
Worst -21.50 -2794 -29.79 -31.72 -17.43 -9.29
month
Best 13.77 19.35 22.06 25.96 15.40 7.66
month
Skewness  —0.86 —-0.67 —-0.63 -0.19 -0.48 —-0.58
Kurtosis 1.63 2.90 1.91 2.48 3.35 3.63
Alpha 1.20%** 0.46 0.35 0.08 1.40%** 0.69***
(3.45) (1.17) (0.79) (0.16) (4.54) (4.43)
Beta 0.23** 0.22* 0.31** 0.30**  —-0.07 -0.09
(2.46) (1.77) (2.38) (2.16) (—0.98) (—-2.65)

Note: The table presents the performance of portfolios of price-based strategies from sorts on the
12-month performance with the most recent month skipped (#—12 to #—2). Each month we sort 240 long
and short portfolios (relative momentum, moving average, time-series momentum, long-run reversal,
idiosyncratic risk, VaR, skewness, maximum daily return, cross-sectional seasonality, and stock market
price in 24 countries) on their average return in months =12 to 2. The Long winners (Lonyg losers) are
20% of the long sides of the strategies with the best (worst) performance. The Short winners (Short losers)
are 20% of the short sides of the strategies with the best (worst) performance. The portfolio “Long win-
ners—short losers” is a long-short portfolio going long the Long winners and short the Short losers. We also
report the performance of a benchmark portfolio equally weighting all the ten considered strategies in 24
countries. All the computations are based on monthly returns. Alpha and beta come from the CAPM.
Mean returns, standard deviations, best and worst months, and alphas are expressed in percentage. The
Sharpe ratio is expressed on annualized basis. Asterisks *, **, and *** indicate values significantly different
from zero at the 10%, 5%, and 1% levels, respectively

and the losers continue to lag. Focusing on the portfolios from sorts on
medium-term performance, the long-short portfolio yielded a mean
monthly return of 1.09% and the alpha of 1.12%. Again, these values were
much higher than for the benchmark.

Analogously, even when we sorted the portfolios on the long-run per-
formance, the winners always outperformed the losers. As the results in
Table 8.4 indicate, the alpha on the long-short portfolio equaled to
1.15%, while on the benchmark only 0.69% per month. The outperfor-
mance is clear.
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Table 8.4 Returns on portfolios of strategies from sorts on long-term
performance

Lony side Short side Lony Benchmark:
winners=short — all strategies
Long Lonyg Short Short losers  [yspps equally
winners losers winners weighted
Mean 0.91** 0.78* 0.18 0.11 1.12%** 0.65***
(2.19) (1.86) (0.30) (0.16) (4.64) (5.06)
Volatility 5.65 5.44 7.26 7.19 3.48 2.13
Sharpe 0.56 0.50 0.08 0.06 1.11 1.05
ratio
Worst -27.31 -20.73 —-32.50 -26.25 -21.17 -9.29
month
Best 15.89 13.08 28.90 26.19 10.54 7.66
month
Skewness  —1.03 -0.48 -0.47 -0.15 -1.27 —-0.58
Kurtosis 3.44 0.74 3.20 1.18 7.59 3.63
Alpha 0.81* 0.70* 0.04 0.01 1.15%** 0.69***
(1.93) (1.70) (0.08) (0.01) (4.73) (4.43)
Beta 0.25* 0.20** 0.34** 0.28**  —-0.08 -0.09
(1.89) (2.11) (2.12) (2.10) (—1.40) (—-2.65)

Note: The table presents the performance of portfolios of price-based strategies from sorts on the
60-month performance with the 12 most recent months skipped (#—60 to #—13). Each month we sort 240
long and short portfolios (relative momentum, moving average, time-series momentum, long-run rever-
sal, idiosyncratic risk, VaR, skewness, maximum daily return, cross-sectional seasonality, and stock market
price in 24 countries) on their average return in months #—60 to t—13. The Long winners (Long losers) are
20% of the long sides of the strategies with the best (worst) performance. The Short winners (Short losers)
are 20% of the short sides of the strategies with the best (worst) performance. The portfolio “Long win-
ners—short losers” is a long-short portfolio going long the Long winners and short the Short losers. We also
report the performance of a benchmark portfolio equally weighting all the ten considered strategies in 24
countries. All the computations are based on monthly returns. Alpha and beta come from the CAPM.
Mean returns, standard deviations, best and worst months, and alphas are expressed in percentage. The
Sharpe ratio is expressed on annualized basis. Asterisks *, **, and *** indicate values significantly different
from zero at the 10%, 5%, and 1% levels, respectively

Let us wrap up our considerations in this chapter. The recent academic
literature offers a number of different price-based strategies. Importantly,
thanks to limited correlation of their returns, these techniques could be
efficiently combined into portfolios. Even as simple techniques as equally
weighting all of the strategies yield impressive risk-adjusted payoffs.
However, some techniques as simple as sorting on historical returns could
improve this profile even further. Simple long-short portfolios formed on
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the basis of the last-month returns produce an alpha that nearly doubles
the equally weighted benchmark of all of the strategies across all of the
countries that we consider.
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CHAPTER 9

Conclusions

Recent academic research has rekindled the interest in studying invest-
ment techniques based purely on prices. These modern approaches could
be broadly described as a new perspective on technical analysis. They offer
investors a number of quantitative tools helping to select the best per-
forming securities. In this book we have collected, reviewed, and repli-
cated investment strategies based on the simplest possible variable: price.
All of them could be effectively employed across multiple equity markets.

The first category, the momentum approach, which is a multi-asset
phenomenon, assumes past winners to outperform and past losers to
deliver poor returns. Momentum strategies have successfully performed
across numerous asset classes so can be widely applied using different
approaches. Irrespective of the particular approach, we prove the trend-
following tactic to remain a successtul tool for equity selection.

While the momentum strategy assumes the continuation of the price
movement, the reversal strategies rely on a contrary assumption: predict-
ing the price trend to revert. How can both the phenomena coexist? The
solution is the investment horizon. While the momentum effect arises in
the mid-term, the reversal occurs either in the short term or in the long
term. The long-run reversal, albeit an interesting technique, fails to work
in every single market.

Also, we have researched the low-volatility anomaly—a counter-intuitive
phenomenon—which implies low-volatility assets outperform assets of high
volatility. Although it could be approached using various risk measures, for
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example, total volatility, idiosyncratic volatility and beta, and the anomaly
works across numerous asset classes, including stocks or corporate bonds,
the effect might be considered controversial, as different indicators imply
different relation to risk. We have reviewed two such measures, idiosyncratic
volatility and VaR, and examined their performance in international
markets.

Some studies have shown that not only the dispersion of the returns but
also the shape of return distributions can predict future returns. The right-
skewed distributions, displaying a large chance of exceptionally high
returns, tend to perform poorly in the end. The impact of skewness can be
measured in many ways: from very sophisticated measures, like co-
skewness or idiosyncratic skewness, to plain and simple ones, like maxi-
mum daily return over the previous month. We have tested two of these
measures, showing most promise to be used as predictors of future
performance.

We have also discussed the concept of cross-sectional seasonality. The
search for calendar effects has intrigued equity analyst for ever. The phe-
nomena like the January seasonality or “sell in May and go away” are pat-
terns known to virtually any stock market investor. We have focused on
the cross-sectional seasonality effect which aggregates many seasonal
anomalies. Essentially, the cross-sectional seasonality is a tendency of
stocks which in the same calendar month in the past performed well
(poorly) on average to continue to outperform (underperform) in the fol-
lowing year. We have re-examined its performance and found it relatively
reliable.

Eventually, we asked the question whether we can predict returns based
on ... raw prices? Does the nominal price forecast future performance? We
have documented that simple sorting on the raw stock market price can
also help to produce stable equity returns.

All these strategies might be further implemented in a single portfolio
to enhance performance. Combining a few strategies in a single portfolio,
even adopting as simple approach as equal weighting, leads to a substantial
risk reduction. Importantly, one can additionally apply other tactical asset
allocation tools to time these various strategies. In particular, as the price-
based strategies display momentum behavior, the best performing strate-
gies over the recent months tend to continue to outperform. Only this
simple approach allows to reach higher alphas than with a diversified port-
folio of various long-short strategies.
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Our book offers lessons for portfolio managers, individual investors,
and asset allocators with a national or global investment mandate. We have
shown that very simple techniques based on historical price performance
allow to design reliable and profitable strategies. We have documented a
powerful information content regarding the stock market price. Both
technical analysis and the art of investing based on price behavior, once
regarded as a voodoo-science, are far from being antiquated. To the con-
trary, being more alive than ever and backed up by solid academic evi-
dence, they can once again prove helpful for equity investors.
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