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Abstract

This thesis presents an empirical analysis of the portfolio returns generated by
short interest investment strategies and evaluates the performance using the Fama-
French five-factor model. We compare the results obtained from this model with
the Sharpe ratio of the strategy. Our findings indicate that high levels of short
interest are predictive of abnormal returns. The absence of short interest
corresponds to no abnormal return and in the least conservative strategy, negative
abnormal returns are observed. The Fama-French five-factor model provides only
marginal explanatory power beyond that offered by the three-factor model. This
suggests that additional factors should be considered in future research on the
topic to better understand the drivers of portfolio returns in the context of short

interest investment strategies.
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1.0 Introduction and motivation

Many researchers and practitioners are attempting to explain and predict stock
market returns. The pioneering work of Jensen, Black, and Scholes (1972) brings
attention to the significant relationship between systematic risk and expected
return. Since then, several models have emerged, including the Fama and French
(1993) three-factor model, followed later by the Fama and French (2015) five-
factor model. These models aim to provide a more comprehensive explanation for
the variations observed in stock market returns. Despite the efforts of numerous
researchers, none of the models have achieved a fundamental status, as we
continue to discover investment strategies that outperform the predictions of these

models.

Short interest has experienced a substantial increase in the United States over the
past few decades This has resulted in a rise in interest from both professionals in
the financial industry and researchers in academia (Chung & Wang, 2021) (see
figure 1.1). Boehmer et al. (2008) report that short selling accounts for about 13%
of overall NYSE trading volume and that this percentage is similar across market
capitalization groups. Boehmer et al. (2009) show that this fraction increases to
more than 40% by 2007. These percentages are much higher than the monthly
short interest data would suggest. The reason is that short positions are, on
average, much shorter-lived than long positions. The growing interest in short
selling signifies the presence of informed investors who can generate profits by
betting against stocks. Therefore, it becomes increasingly relevant to utilize public

information regarding short sellers’ opinions on stocks.
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Figure 1.1 The Herfindahl-Hirschman Index (HHI) is computed by summing the squared
percentages of the total cross-sectional short sales volume attributed to each FF48 industry.
(Chung & Wang, 2021, p.2)

Short interest indicates the number of short selling positions in individual stocks
as documented in publicly available records. For the US stock market, this
information is accessible through various sources, including New York Stock
Exchange (NYSE) data. Short interest data provides insight into the market
sentiment surrounding individual stocks, as it reveals the extent to which investors
expect stock prices to decline. An assumption of a short interest trading strategy is
that a higher short interest indicates that a stock is likely to underperform in the
future. This assumption is based on the idea that short selling is driven by
informed investors who establish short positions in stocks they believe to be
overvalued. Consequently, a high short interest may signal an overvalued stock
that is likely to underperform compared to the market (Engelberg et al., 2012).

Numerous researchers examine the occurrence of abnormal negative returns in
stocks characterized by elevated levels of short interest (Diamond & Verrecchia,
1987; Desai et al., 2002; Boehmer et al., 2008; Asquith et al., 2005; Mohamad et
al., 2013) Conversely, alternative investigations focus on the performance of
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stocks with low levels of short interest (Boehmer et al., 2010). In cases where
short sale constraints are not restrictive, the absence of short interest can
potentially arise from short sellers purposefully avoiding such stocks due to their

private valuations being equal to or surpassing the prevailing market price.

The presence of these anomalies serves as a motivating factor for our
investigation into the development of an investment strategy encompassing long,
short, and long/short positions. In this thesis, our primary focus is to investigate
the potential of utilizing publicly available short selling information in an
investment strategy to predict abnormal returns. Specifically, we aim to examine
whether aggregated levels of short interest can serve as a reliable predictor of

abnormal returns. Thus, our research question can be formulated as follows:

Is the publicly disclosed short interest ratio a reliable predictor of abnormal
returns for United States (U.S.) stocks listed on the New York Stock Exchange
(NYSE)?

To accomplish this, we analyze data on short interest ratios and monthly returns
from U.S. stocks listed at NYSE spanning from March 1993 to February 2023. In
order to ensure the availability of ex-ante trading signals, we sort stocks based on
their short interest levels from the previous month, creating portfolios
accordingly. Our investment strategy involves taking long positions in portfolios
with the lowest short interest ratios and short positions in portfolios with the
highest ratios. Additionally, we implement a long-short investment strategy that
combines both approaches. To evaluate the performance of the portfolios, we
regress their excess returns on the Fama-French five-factor model, aiming to
identify any abnormal returns that cannot be explained by the model. This study
expands upon prior research by utilizing an extensive and up-to-date data sample,
while also incorporating additional factors to enhance the understanding of

portfolio returns in the context of a short interest investment strategy.
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Our findings indicate positive abnormal returns from both the short and long-short
strategies, which cannot be explained by the Fama-French five-factor model.
Despite the short-only strategy showing negative average returns and a slightly
negative Sharpe ratio, it still generates positive abnormal returns. Conversely, the
intercept analysis suggests that the returns from the long-only strategies are
already priced into the model, despite observing positive average returns and the
highest Sharpe ratio. Furthermore, the inclusion of the investment and profitability
factors does not significantly enhance the explanation of excess portfolio returns.
Specifically, the investment factor does not exhibit a significant coefficient in the

regression results.

This paper is structured as follows: Section two provides an overview of the
relevant literature pertaining to the topic, followed by a description of the data
employed in the study. Section three outlines the methodology employed to
develop and evaluate our investment strategy, while section four presents and
discusses the results obtained. In section five, we summarize the key findings of
our study and draw conclusions based on our analysis. Furthermore, we propose
avenues for future research to extend and enhance the understanding of the topic
at hand.
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2.0 Literature review

The rise of short sales and short sellers has led to an increase in research focused
on this subject. By examining the most significant research on the topic, this
section aims to provide readers with insights and knowledge derived from similar
content to ours. First, we present findings from research on the relationship
between stock market return and short selling, and how various kinds of short
selling information like short interest ratio can be used to explain stock market
return. Last, we examine research that explores the impact of short sale constraints

on asset prices, market efficiency, and market quality.

2.1 Short interest

Multiple studies show a correlation between high levels of short selling activity
and poor abnormal returns in the stock market. The following studies show that
even when controlling for various combinations of factor models investors can get
an abnormal return by taking advantage of this anomaly. According to Boehmer et
al. (2010), short interests are commonly viewed as a measure of investor
heterogeneity. If this is true, a stock that can easily be shorted but is not targeted
by short sellers indicates that market participants agree that it is not overvalued. It
implies that short sellers do not have exclusive negative information about the

stock.

Diamond and Verrecchia (1987) argue that investors who short sell are more
motivated due to the high transaction costs of short selling, and therefore make
more informed investment decisions. According to their research, an unforeseen
increase in the short interest has a negative correlation with the stock price.
Boehmer et al. (2008) find that highly shorted stocks underperformed light
shorted stocks. Consistent with the findings of Desai et al. (2002) in the Nasdaq
Market, they find that stocks with high short interest deliver negative returns after
controlling for the market, book-to-market, size, and momentum factors. Their
research reveals that stocks with high short interest display a persistent negative
abnormal performance lasting 12 months.
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Asquith et al. (2005) utilize short interest ratio data for NYSE-Amex stocks
spanning from 1980 to 2002 and for Nasdaq stocks from June 1988 to December
2002. Their findings indicate that portfolios composed of stocks with high short
interest exhibit underperformance compared to the market, as evidenced by the
intercepts derived from four-factor time-series regression models. They categorize
their portfolios based on institutional ownership; this reveals a consistent
relationship with returns in equally weighted portfolios. Lower institutional
ownership is associated with greater negative abnormal returns. However, value-
weighted portfolios of high short interest stocks do not exhibit statistically
significant evidence of underperformance or a consistent relationship with
institutional ownership and subsequent returns. In contrast to the findings of Desali
et al. (2002), their research reveals that high short interest ratio portfolios, which
exclude stocks as soon as the short interest ratio falls below a predetermined
threshold, experience more pronounced negative abnormal returns compared to
portfolios that retain a firm for an extended inclusion period, such as 12 months,
during the eight years following their sample period.

In contrast to earlier research focusing on the negative abnormal returns
associated with stocks with high short interest, In their research, Boehmer et al.
(2010) examine the predictive value of low short interest on future returns. Using
data from Nasdag, Amex, and NY SE covering the period from 1988 to 2005, they
find that portfolios comprising stocks with low short interest exhibit significant
and economically meaningful positive abnormal returns. These positive returns
often exceed the negative returns observed in portfolios comprised of heavily
shorted stocks. Consequently, the study highlights the slow assimilation of
publicly available positive information regarding low short interest into market
prices, thus raising concerns about overall market efficiency. Moreover, their

results challenge prevailing theories regarding the impact of short

sale constraints.
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Boehmer and Wu (2012) explore the role of short selling in the price discovery
process, using a large dataset of daily short selling activity from the US market.
Their findings suggest that short selling significantly contributes to price
efficiency by accelerating the integration of negative information into stock
prices. Further, their research indicates that short sellers tend to be more informed
than buyers, leading to improved price discovery and a more efficient market,
particularly during periods of high market uncertainty and increased stock-specific
news flow. More recently, Rapach et al. (2016) demonstrate that short interest
stands out as a potentially dominant predictor of aggregate stock returns. It
outperforms various popular return predictors, both within the sample and out of
sample. Their findings support the notion that short sellers possess valuable
insights, allowing them to anticipate forthcoming aggregate cash flows and related

market returns.

The presented studies above are based on US data and may not be representable
for the international market. For instance, Boehmer et al. (2021) conduct a global
study, examining stock market return data from 38 countries between 2006 and
2014. They find that the utilization ratio and days-to-cover ratio are the strongest
predictors of stock market returns. Similarly, Bonne et al. (2017) conduct a global
analysis of short interest information and find it to be a robust factor in explaining
the abnormal stock return, both independently and within a multivariate

framework.

Mohamad et al. (2013) research paper is centered on the UK market. Their
findings show a negative correlation between short selling and stock returns. Their
research suggests that an increase in short selling activity often precedes
significant negative abnormal stock returns, implying that short selling can serve
as an indicator of overvalued stocks. They also note a positive link between short
selling activity, stock volatility, and trading volume, hinting at the potential role
of short selling in improving market liquidity and price efficiency. However, they
find that this pattern does not hold when it comes to short sales around the ex-
dividend date, but persists during the 2008 financial crisis, mirroring the findings
of Diether et al. (2008) in the US context.
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2.2 Short sale constraints

Our extensive analysis period covers several periods that have experienced
economic downturns and short sales constraints. Regulatory measures often place
constraints on short sales. These limitations are typically the result of strategies
deployed by regulators or exchanges to maintain stability and temper volatility in
the market, especially during periods characterized by market stress or crisis.
Several studies demonstrate how these constraints and their interplay with other
factors can shape market dynamics. Saffi and Sigurdsson (2011), suggest that
short sale constraints can enhance market stability, limit price manipulation by
informed traders, and decrease the likelihood of price crashes. While other
studies, such as that of Boehmer et al. (2013), point to potential negative effects,
including inflated stock prices and volatility, diminished liquidity, and market

inefficiencies due to the hindered ability of informed traders to correct mispricing.

Alternative studies propose that additional factors correlate with expected returns.
Duffie et al. (2002) propose a model that predicts a link between expected returns
and lending fees, in contrast to the somewhat contradictory literature regarding the
relationship between returns and the current level of short interest. Boehmer et al.
(2006) investigate the impact of the interaction between investor opinion
dispersion and short sale constraints on stock valuation effects. Their findings
indicate that stocks are not consistently overvalued when either of these

conditions is not met.

This thesis distinguishes itself from previous research, such as Boehmer (2010)
and Asquith et al. (2005), by adopting the Fama-French Five-Factor model instead
of the four-factor model of Fama and French (1993) and Carhart (1997). By
incorporating two additional factors into the analysis of the portfolio return of the
short interest investment strategy, we gain new insights into the factors that drive

variations in the strategy's return.
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Our study utilizes a comprehensive dataset spanning the past 30 years,
encompassing the period from March 1993 to February 2023. This extended
dataset includes recent years that have not been previously analyzed, allowing us
to examine the performance of short interest ratio as a predictor of stock return in
more recent periods. Through this approach, we aim to contribute to the extensive

body of literature on this topic.
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3.0 Data

3.1 Data collection

In this thesis, we utilize a data sample obtained specifically from the New York
Stock Exchange (NYSE). The dataset consists of the publicly disclosed
information on short interest for a range of commonly traded U.S. stocks. We
focus on stocks listed on the NYSE that are based in the U.S., excluding any non-
U.S. stocks. U.S. firms are required to report their short interest positions in all
equity securities two times a month, as mandated by FINRA (FINRA, 2023). The
data is extracted from the Bloomberg terminal and includes essential variables
such as the date, stock symbol, short interest, short interest rate, and the most

recent recorded price for each equity.

We use data at a monthly frequency to ensure an understanding of the trends and
patterns in the market. By choosing a monthly interval, we strike a balance
between capturing shorter-term fluctuations without being overwhelmed by the
noise of daily data. Our analysis covers a substantial period, ranging from March
1993 to February 2023, spanning a total of 30 years. This period includes various
market phases, including periods of growth, recession, and recovery, thus
providing a comprehensive backdrop for our study.

To ensure the quality of the data and mitigate potential errors, we filter the dataset
to exclude missing observations in either short interest, short interest ratio, or last
price. Once the dataset is streamlined to only include complete and dynamic price
information, we proceed to calculate the log return based on the last recorded
price for each stock. This process yields a total of 384,478 data points, which are
distributed among 1551 different stocks.

In the context of the data required for factor models, our primary resource is the
well-established and comprehensive database curated by Kenneth R. French
(French, 2023). We specifically focus on extracting the US Fama-French three-

and five-factor data. The Fama-French three-factor model incorporates the size
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factor, book-to-market, factor, and excess return on the market, while the five-
factor model extends this by additionally considering the profitability and

investment factor.

The alignment of the period for the stock, short interest data, and factor model
data is crucial. This alignment ensures that we are comparing like with like and
avoids the pitfalls of asynchronous data comparisons. Consequently, our analysis

presents a synchronized and coherent view of market developments over these 30

years.
Table 3.1: Descriptive Statistics
Observations Mean SD

Log return 384478 0,0031 0,1083
SIR 384478 0,0473 0,0625
MktRF 360 0,0069 0,0448
SMB 360 0,0015 0,0306
HML 360 0,0015 0,0329
RMW 360 0,0035 0,0273
CMA 360 0,0025 0,0218
RF 360 0,0018 0,0017

The table presents descriptive statistics for the log-return, short interest ratio and the Fama-French

five-factor model in the period from 1993 to 2023.

3.2 Limitations

Our research may be subject to survivorship bias due to the inability to include
delisted stocks where trading has ceased, which stems from limitations in
extracting the dataset. As a result, our analysis predominantly focuses on the
stocks of companies that have survived and continue to trade, while neglecting
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those that have failed or been delisted. This can create a distorted understanding
of the performance and risks associated with investing in stocks, as the historical
analysis becomes biased in favor of successful companies. Survivorship bias can
lead to erroneous conclusions when examining historical market trends or
attempting to discern patterns in the data. Consequently, this may give rise to
deceptive beliefs regarding the true effectiveness of certain factors or investment
strategies, as our analysis excludes failed companies (Elton et al., 1996; Carpenter
& Lynch, 1999).
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4.0 Methodology and Hypothesis

4.1 Portfolio construction

We utilize the short interest ratio obtained from the Bloomberg terminal to create
long, short, and long/short portfolios. This methodology takes inspiration from the
approach detailed in Fama and French's (2015) research, which outlines the
creation of factor portfolios. The long portion of the portfolio comprises stocks
with the lowest short interest ratio, while the short portion consists of stocks with
the highest short interest ratio. This implies that stocks with a low short interest
ratio are expected to yield higher returns, whereas stocks with a higher short

interest ratio are anticipated to yield lower, or even negative, returns.

The construction of the different portfolios is inspired by Boehmer et al. (2010)
with modifications to fit our data sample. First, we implement a univariate
portfolio, sorting based solely on the short interest ratio. To ensure our trading
signals, represented by this ratio, are ex-ante, we apply a one-month lag.
Furthermore, our trading strategy involves sorting monthly return data into
portfolios according to the previous month's short interest levels. We use three
different sorting methods to generate 10, 50, and 80 portfolios, each constructed
with equal weights according to the formula:

Tpe = X0 1%~ (4.1)
Our investment strategy entails taking a long position in portfolios characterized
by the lowest short interest ratios, specifically targeting the 10", 2"9, and 1.25™
percentile portfolios. Additionally, we implement short positions in portfolios
with the highest short interest ratios, focusing on the 90", 98", and 98.75"
percentile portfolios. Asquith et al. (2005) noted that portfolios composed of
heavily shorted stocks offered higher returns when rebalanced regularly,
particularly when short interest levels dipped below a defined threshold, as
opposed to holding these portfolios for a predetermined period. Therefore, in line
with these findings, we adhere to a monthly rebalancing cycle for our positions.
At the commencement of each month, we rebalance and reconstruct our portfolio,

to align it with the newly updated short interest levels from the preceding month.
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4.1.1 Portfolio weighting

Recent literature has investigated the performance differences in equally weighted
and value-weighted portfolios. Findings suggest that equal weights outperformed
value weights on a general basis (DeMiguel et al., 2009; Malladi & Fabozzi,
2016; Plyakha et al. 2015). In addition, Asquith et al. (2005) and Boehmer et al.
(2010) find that equally weighted portfolios deliver higher abnormal returns when

short interest ratio is considered the main sorting factor.

Boehmer et al. (2010) present several compelling arguments in favor of
employing equal weights in portfolio construction based on short interest. Firstly,
they argue that value weighting fails to capture the average investor's net short
position, which is zero for all stocks.. Unlike short sellers, the average investor
does not hold short positions due to the absence of net debt in the global wealth
portfolio. Second, while the supply of shares on the long side remains relatively
stable in the short term, the short interest experiences significant fluctuations on a
monthly basis, particularly for individual stocks. These fluctuations highlight the
dynamic nature of short interest and the need to consider it in a portfolio

construction framework.

Another important consideration put forth by Boehmer et al. (2010) is the
potential bias introduced by a value-weighted portfolio when dealing with heavily
shorted stocks that consistently underperform. In such cases, a value-weighted
approach would assign reduced weights to these stocks each month, potentially
obscuring the success of short sellers. By utilizing equal weights in the portfolio
construction process, the performance of short sellers in heavily shorted stocks
can be more accurately represented and evaluated. This approach ensures that the
impact of short interest on portfolio performance is properly captured and avoids
potential distortions caused by varying weights assigned to individual stocks over

time.
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Taking into account these considerations, we have made the informed decision to
exclusively utilize equally weighted portfolios for our analysis. This approach
aims to avoid the potential discrepancies associated with value-weighting and
more accurately reflect the activities of short sellers.

4.2 Factor models

In the upcoming section, we present the methodology and theory underlying three
key models: CAPM, the Fama-French three-factor model, and the Fama-French
five-factor model. These models progressively build upon each other in an attempt
to explain stock market returns. Specifically, the three-factor model extends the
CAPM framework, while the five-factor model expands upon the three-factor
model. In our research, we aim to investigate whether the short interest factor can
predict stock market returns that cannot be explained by the five-factor model and
if the two added factors provide an increase in the explanatory power of the

model.

4.2.1 CAPM

Markowitz's groundbreaking work on portfolio selection laid the foundation for
modern portfolio theory. In the 1960s, William Sharpe (1964) and John Litner
(1965), as cited by Fama and French (2004), developed the capital asset pricing
model (CAPM). This model establishes a connection between systematic risk and
asset returns and is represented by equation 2.1. CAPM has been instrumental in

understanding the relationship between risk and reward in investment portfolios.
E(Ti) = rf + :BL(E(rm) - T'f) (42)

Where 7% is the risk-free rate, E (r;) is the expected return on an asset, E (7;,) is the
expected return on the market portfolio and g; is the beta of asset i. The Capital
Asset Pricing Model (CAPM) is based on the assumption that the market risk
premium and a security's sensitivity to the market are the sole factors determining
its expected return. In 1981, Banz (1981) proposed that CAPM is flawed in its
specification and fails to consider an important additional factor: the "Size" factor.
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Banz's findings revealed that smaller firms exhibited a higher average risk-

adjusted return compared to larger firms.

4.2.2 Fama-French three-factor model

Fama and French (1992) conducted an evaluation that included the size factor
proposed by Banz (1981), as well as Basu's (1983) earnings-price ratio (E/P) and
Bhandari's (1988) findings on the correlation between leverage and expected
return in models considering size (ME) and . They also consider the research by
Stattman (1980) and Rosenberg et al. (1985), which reveals a relationship between
the average return on stocks and a firm's book-to-market ratio. Their findings
suggest that size (ME) and book-to-market ratio provide explanatory power of
average stock return on NYSE, Amex, and NASDAQ in the period of 1963-1990
and that S (the slope coefficient of stock return on the market) alone or in

combination with other variable has little explanatory power on average return.

Fama and French (1993) extended the investigation conducted in Fama and
French (1992) and discovered that the intercept from a three-factor regression
incorporating book-to-market ratio, size, and the excess market return is nearly
zero. This suggests that the risk proxies (book-to-market ratio and size) and the
market factor account for a significant portion of the variation in average stock
market returns. Their findings expand the CAPM framework by incorporating the
book-to-market ratio and size factor to explain the cross-section of average stock
returns. The Fama-French three-factor model is formulated as follows:

E(r) =15+ B1(E(r) — 17) + Bo(SMB) + B,(HML) + ¢ (4.3)

In equation (4.3) two components are added to equation (4.2), the return on a
diversified portfolio of small stocks minus the return on a portfolio of large stocks
(SMB), and the difference between the returns on diversified portfolios of high
and low book-to-market ratio stocks (HML) (Fama & French, 2015).
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4.2.3 Fama-French five-factor model

According to Fama and French (2015), a five-factor model that captures
investment patterns in average stock return, value, profitability, and size perform
better than the previously described Fama-French three-factor model. According
to studies by Titman et al. (2004) and Novy-Marx (2013), the three-factor model
(4.3) fails to account for much of the variation in average returns related to
profitability and investment. To address this issue, Fama and French (2014)
include profitability and investment factors in their model. The Fama-French five-

factor model is given by:
E(r) =17 + B1(E(rn) — 17) + B2(SMB) + B3(HML) + B (RMW) (4.4)

+B5(CMA) + ¢

Equation (4.4) introduces two additional factors to equation (4.3). RMW
represents the return differential between portfolios consisting of stocks with
strong and weak profitability, while CMA represents the return differential
between portfolios comprising companies with low and high investment levels,

commonly known as conservative and aggressive firms (Fama & French, 2014).

4.3 Performance measures

To assess the performance of the portfolio, we calculate conventional performance
metrics, including the standard, mean of return, and Sharpe Ratio (SR).
Additionally, our study enhances existing research conducted by Boehmer et al.
(2010) and Asquith et al. (2005) by incorporating new factors into the asset
pricing model, specifically utilizing the five-factor models. Through a regression
analysis, we examine the intercept to assess whether the investment strategy has
generated abnormal returns. This methodology enables us to build upon the
previous findings and investigate the potential for the strategy to yield excess

return beyond what can be explained by the model.

Page 17



4.3.1 Regression

The Fama-French three-factor regression is given by the following formula:
RPt - th = al + bL(RMt - RFt) + SLSMBt + thMLt + eit (4.5)

Where R-squared (Rp,) is the excess return of the portfolio we create based on the
short interest ratio. In addition to employing the three-factor model, we further
extend our analysis by regressing our results on the Fama-French five-factor
model. This allows us to assess whether the model can explain a greater portion of
the variance in the portfolio's returns and provides us with a deeper understanding
of the factor exposure. The Fama-French five-factor regression is formulated as

follows:
+CiCMAt + e

When interpreting the result from the time series regression above our focus lies
primarily on these key elements: the coefficients, the model's «;, t-statistics, and
R? and Adjusted R?. The Intercept «; is of particular interest, as it allows us to
investigate if the portfolio generates an average monthly abnormal performance.
The coefficients (b;, s;, h;, r; and c;) from our regression represent the factor
loading and give information about the portfolio return exposure to other well-
known factors. We test if the intercept and the coefficient are different from zero
by implementing a t-test. Further, R? represents the overall fit of the regression
model. If R? is close to 1, there is an indication that the variables in the model

explain most of the variation in the portfolio return.
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4.3.2 Other Performance Measure

In addition to presenting the intercept, coefficients, and R? values obtained from
our regression analysis, we complement our evaluation by incorporating a risk-
adjusted return measure. We utilize the Sharpe ratio (SR) to assess the
performance of our portfolios in a risk-adjusted manner. By considering the ratio
of excess return to risk, the Sharpe ratio provides valuable insights into the risk-
adjusted performance of our investment strategy.

The Sharpe ratio is a commonly employed metric for evaluating risk-adjusted
returns. It incorporates risk into the calculation of a portfolio's total return, and its

formula is as follows:

_ _Re
SR =—"= (4.7)

In this formula, Rp represents the average portfolio return and g, denotes the
standard deviation of the portfolio return, often interpreted as the total risk or

volatility. This measure indicates the total return per unit of risk taken.

This measure provides valuable insights into the risk and return trade-off of our
portfolios, allowing us to evaluate their performance in a more comprehensive
manner. By incorporating these risk-adjusted return measures, we aim to provide a
thorough and nuanced assessment of the portfolios constructed based on the short

interest ratio.

4.4 Hypothesis

Our thesis aims to supplement and expand the current literature on short interest in
the US stock market, utilizing an updated dataset sourced from the NYSE, which
has not been previously examined. We seek to enhance the analysis by
incorporating additional factors that have not been explored by prior researchers,
thereby scrutinizing the performance of the short interest investment strategy in
greater depth. We intend to examine the success of short sellers in identifying
overvalued stocks for short selling, as well as their ability to identify and avoid
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undervalued stocks. Moreover, we want to test if short sellers are sophisticated
traders that possess private information. To do so we test whether the Fama-
French model misses some of the variations in average return related to shorting
information. In addition, we explore the impact of incorporating additional factors
into the model, to determine their ability to explain a greater proportion of the

portfolio return.

If an asset-pricing model provides a complete explanation of expected returns, the
regression of excess returns from any portfolio on the factor returns of the model
will yield an intercept that is not significantly distinguishable from zero. When
Fama and French developed the three-factor model and later the five-factor
model, they stated that the models explained all the variance in average stock
return and that the intercept of the regression model, «, is zero (Fama & French,
1993; Fama & French, 2015)

Following the estimation of the time-series regressions for the Fama-French
model, we evaluate the performance by examining the estimated intercepts.
Specifically, our research entails regressing the long, short, and long/short
portfolios on the Fama-French Five-factor model to determine whether the
intercepts significantly deviate from zero. Building upon the previous information
presented, we have formulated the following hypothesis:

Ho:ai =0
HA:ai * O

Where alpha («;) is the intercept in our regressions. We reject the null hypothesis
that a; = 0 if the intercept has a significant deviation from zero at a confidence
level of 95%. This implies that the investment strategy generates abnormal returns
that are not accounted for or explained by the underlying model. We aim to assess
the effectiveness of the five-factor model and determine whether its intercept
differs statistically from the intercept derived from the three-factor model. To
achieve this, we employ a t-test to compare the intercepts of the two regression

models.
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In addition to evaluating the performance of portfolio returns through intercept
analysis, we incorporate the widely recognized Sharpe ratio, introduced by Sharpe
(1966), as a key performance metric. Jobson and Korkie (1980) further emphasize
the applicability of the Sharpe ratio in estimating efficient portfolios based on the
principles of Modern Portfolio Theory and its value in comparing the risk-
adjusted performance across various portfolios. Thus, to comprehensively assess
portfolio performance while considering the tradeoff between risk and reward, we

report both the intercept and the Sharpe ratio.
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5.0 Results

Our study focuses on examining whether an investment strategy solely based on
short selling information can generate abnormal returns. Specifically, we aim to
quantify the extent to which the abnormal returns are associated with the short
interest factor investment strategy and determine the portion that can be explained
by the Fama-French five-factor. We seek to expand upon previous research by
introducing additional factors that have not been previously considered in the
regression analysis of portfolio returns from the short interest investment strategy.
In addition, we endeavor to compare the explanatory power of the Fama-French
five-factor model with the three-factor model, exploring the extent to which the

new model provides new insights into portfolio returns.

Given this framework, our primary focus lies on the intercept obtained from the
regression analysis. To evaluate the statistical significance of our findings, we
establish a significance level of 5%, allowing us to assess whether we can reject

the null hypothesis that the intercept is not significantly different from zero.

Our analysis starts with presenting the empirical findings derived from our
regression analysis, where we applied the Fama-French five-factor model to the
different percentile portfolios. We then examine the disparities between the
regression outcomes obtained using the five-factor model versus the three-factor
model. Lastly, we provide an overview of the supplementary performance

measures utilized in our study.

5.1 Fama-French five-factor regression

The results of the Fama-French five-factor regression analysis are displayed in
Table 5.1. The intercepts of the regression model hold significant importance as
they indicate whether a portion of the portfolio returns can be attributed to factors
other than those proposed by the Fama-French three-factor model. Moreover, we

are interested in examining the coefficients to assess the exposure to the factors,
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and the R-squared value to determine the extent to which the Fama-French factors

account for the variation in portfolio returns.

Table 5.1 shows that all intercepts associated with the three distinct short-only
strategies display statistically significant deviations from zero at a significance
level of 5%. Importantly, these intercepts exhibit positive values, underscoring
their statistical significance and suggesting the presence of additional factors
contributing to the portfolio returns beyond the ones considered in the Fama-
French five-factor model. This finding aligns with the research conducted by
Diamond and Verrecchia (1987), Asquith et al. (2005), Boehmer et al. (2008), and
Rapach et al. (2016), which identified a significant negative intercept from
regression on a long portfolio consisting of stocks exhibiting the highest short

interest ratio.

Conversely, for the long-only regression involving the 2nd and 1.25th percentile
portfolios, the intercepts are not significantly different from zero, indicating a lack
of abnormal returns. Only the 10th percentile portfolio exhibits a statistically
significant intercept, which is negative and economically small, with a value of -
0.264%. This suggests that the portfolio's performance yields abnormal negative
returns after accounting for the five Fama-French factors. In terms of the long-
short strategy, similar to the short-only strategy, all intercepts demonstrate
statistically significant differences from zero. Moreover, these intercepts are
positively valued, suggesting the presence of additional factors contributing to the
portfolio returns within the long-short strategy.

In summary, our intercept analysis reveals that both the short-only strategy and
the long-short strategy generate abnormal returns that cannot be fully explained by
the Fama-French three-factor model. These findings are consistent with a similar
study conducted by Boehmer et al. (2010) which also observes the presence of
abnormal returns beyond the model's explanatory power. Interestingly, Boehmer
et al. (2010) find that the absence of short interest predicts positive abnormal

returns. In our study, when implementing a strategy of going long on percentile
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portfolios with the lowest short interest, we find that two portfolios do not
demonstrate a significant deviation from the expected returns, and one even
exhibited a negative intercept. These findings shed light on the nuanced variations
in the intercepts across different strategies and underscore the importance of
considering additional factors to fully capture the complexities of portfolio

returns.

Proceeding to analyze the slope coefficient in Table 5.1. First and foremost, all the
coefficients for RM-RF, HML, and SMB exhibit significant deviations from zero,
providing strong evidence to reject the null hypothesis at a significance level of
5%. This implies that these factors play a substantive role in influencing portfolio
returns. For the short-only strategy, it is noteworthy that all the significant
coefficients exhibit negative values. Specifically, the slope coefficient associated
with the excess market return approaches approximately —1,1 across all the short
portfolios. This suggests a strong inverse relationship between the portfolio and
excess market returns for the short positions. The exposure to SMB for the short
positions is negative and ranges from -0,6247 to -0,8692 indicating that the
underlying stocks in the portfolio are exposed to small capitalization stocks.
Examining the Profitability (RMW) factor, we observe that all the short portfolios
exhibit a negative exposure within a range of -0.2808 to -0.2280. This indicates a
substantial negative loading on the profitability premium, albeit with a relatively

low level of sensitivity.

In contrast, the long-only strategy showcases positive coefficients for the first
three factors. The coefficient for the excess market return is approximately 0.5,
suggesting a positive association with the market. However, this coefficient also
indicates a relatively low level of market risk. This finding aligns with the
research conducted by Boehmer et al. (2010), who discovered a similar nature and
magnitude of the market coefficient. It suggests a consistent exposure to the
market, even after incorporating two additional factors and considering a more
recent period. Furthermore, the SMB and HML factors demonstrate coefficients
of approximately 0.2 which indicate a positive but rather low exposure to value

and small capitalization stocks. Regarding the RMW factor within the long-only
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portfolios, both the 10th percentile and the 1.25th percentile portfolios show
statistically significant positive factor loadings at a 5% significance level,

suggesting a slightly favorable association with the portfolio's returns.

Within the long-short strategy, all significant coefficients display negative values.
Notably, the market exposure coefficient for the 95th percentile strategy reaches -
0.5618, highlighting a substantial negative impact of the market factor on
portfolio returns. The coefficient associated with the exposure to the SMB factor
for the 90th-percentile strategy demonstrates the least negative value of -0.2906
for the long-short strategy. This finding implies a noteworthy inverse relationship
between the SMB factor and the portfolio returns. Furthermore, the only
significant coefficient for RMW is observed for the 10th-90th percentile portfolio,

revealing a relatively low but negative exposure to the profitability factor.

Another interesting finding that emerges from our analysis is that none of the
slope coefficients associated with the investment (CMA) factor exhibit statistical
significance at the 5% level. This implies that the variation in portfolio returns
cannot be attributed to the difference in returns between firms adopting
conventional investment practices and those pursuing more aggressive investment
strategies. Therefore, the lack of significant coefficients suggests that the
investment factor does not significantly contribute to explaining the variance in

portfolio returns.

Alongside the intercept and slope coefficients, Table 5.1 also presents the R-
squared values obtained from the regression analysis. Notably, the 90th-percentile
short-only strategy exhibits the highest R-squared, indicating that the Fama-
French five-factor model accounts for approximately 89% of the variance in

portfolio returns.

Furthermore, a discernible pattern emerges when considering the various

strategies. The strategies with a larger number of stocks display higher R-squared
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values. Additionally, as the shorting method becomes more conservative,
involving the exclusion of more stocks based on the levels of short interest, the R-
squared decreases. This pattern suggests that the explanatory power of the Fama-
French three-factor model strengthens when applied to portfolios with more

stocks and when employing less conservative shorting techniques.

In summary, this analysis provides valuable insights into the dynamics between
the factors and portfolio strategies. The statistical significance of several factors
and discernible positive/negative relationships increase our understanding of how
these factors influence portfolio returns. Additionally, the analysis enhances our
knowledge of the interplay between the factors and portfolio performance, as

indicated by the R-square value.

Table 5.1: Regression outputs Fama-French five-factor model

Portfolios

Intercept RM-RF HML SMB RMW CMA R?
# Stocks
Short 90th 0,0059%** -1,1156%** -0,5543%** -0,6247***  -0,2808***  (,0654 0,8892
#155 Stocks
Short 98th 0,0071*** -1,1002%** -0,5142%** -0,7695%*=  -0,2280***  0,0803 0,7473
#31 Stocks
Short 98,75th 0,0067*** -1,0600%** -0,5611%** -0,8692%**  -0,2900*** (,1606 0,7041
#19 Stocks
Long 10th -0,0026** 0,5589%%* 0,1043%* 0,2534%+% 0,1062%* -0,0351 00,5258
#155 Stocks
Long 2nd -0,0002 0,5331%%* 0,1251%* 0,2630%*+* 0,1207 0,1207 0,4126
#31 Stocks
Long 1,25th 0,0004 0,5287%** 0,1588%** 0,2662%** 0,2066%** -0,0102 03668
#19 Stocks
Long — Short 10th — 90th 0,0051%** -0,5581%** -0, 44724 -0,3749***  -0,1767***  0,0303 0,5222
#310 Stocks
Long — Short 2nd - 98th 0,0088%+*+* -0,5685%** -0,3862%** -0,5101%**  .0,1093 0,0323 0,3458
#62 Stocks
Long — Short 1,25th - 98,75th 0,0090%** -0,5327%%** -0,3994%%* -0,6066*%**  0,0854 -0,1503  0,3239
#39 Stocks

Table 5.1 displays the results from the Fama-French five-factor regression on the monthly
portfolio return. The different factors in the table are described in section 4.1.3. The portfolios
Short 90", Short 98™ and Short 98,7™ include stocks that are in the portfolio with the highest short
interest ratio (SIR) in month t—1, respectively. The portfolios Long 10", Long 2", and Long 1,25"
include stocks that are in the portfolio with the lowest SIR in month t—1. The average number of
stocks in the portfolios is shown under “# stocks.” R? represents R-squared and shows how well

the data fits the regression.
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5.2 Comparison of models

In this section, we compare the findings from the three-factor model to the
previously presented five-factor model. The purpose of this analysis is to assess
the extent to which the two additional factors enhance the model and explain the
variation in return observed in the portfolios. In Tabel 5.2, we report findings only
for the findings using the 10" and 90" percentile for the Fama-French three-factor
regression the other strategies are reported in the appendix.

Upon examining the results of the Fama-French three-factor regressions, a similar
pattern emerges in the intercepts as observed in the five-factor regressions.
Notably, when analyzing the short and long-short portfolio, all intercepts are
found to be positive and statistically significant at a significant level of 5%.
Conversely, for the long-only strategy, the intercepts are not significantly different
from zero at the specified significance level of 5%. This indicates that the long-
only strategy intercepts do not provide strong evidence of additional contribution
to portfolio returns beyond those encompassed by the Fama-French three-factor
model. In the regression with the five-factor model the intercept from the 10™"
percentile portfolio was negative and significant. This implies that after
accounting for the two new factors additional portfolio return is explained by the
model. To assess the statistical disparity in the intercept between the two distinct
models, we performed a t-test. The outcomes of this t-test can be found in Table
A.1 in the appendix, revealing that none of the intercepts from the various
strategies exhibited significant differences from each other at a significance level
of 5%.

Continuing our analysis, we shift our focus to the slope coefficients outlined in
Table 5.2. All coefficients in the three-factor model are significantly different
from zero. Furthermore, we observe that these coefficients align closely in terms
of both magnitude and nature with the findings observed in the preceding section.
This consistency implies that the portfolio retains a consistent exposure to the
underlying factors, even in the absence of the two factors that were removed from
the model. This highlights the importance of investigating the explanatory power

of the two models.
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In Table 5.2, in addition to the intercept and slope coefficients, we also present the
R-squared values derived from the Fama-French three-factor regressions. Notably,
these values demonstrate a slight decrease compared to those in Table 5.1, with an
average reduction of approximately 1% in the regression’s explanatory power
upon the removal of the two additional factors. However, it is crucial to note that
R-squared always increases when variables are added to the equation, making it
insufficient to solely rely on R-squared for gauging the added explanatory power
of the model. To address this concern, we have reported the adjusted R-squared

values for both strategies in Table 5.3.

Table 5.2: Regression outputs Fama-French three-factor model

Portfolios
Intercept RM-RF SMB HML R?
# Stocks
Short 90t 0,0047*%%  _1,0934%%* () 4019*** () 7048***  (,8726
#155 Stocks
Long 10%® -0,0023 0,5517***  0,2044***  (,16068***  (,5197

#155 Stocks
Long — Short 10t — 90t 0,0043%** -0, 5420%*%% .0 2006*** -0,5435%**  (,5094
#310 Stocks

Table 5.2 displays the results from the Fama-French three-factor regression on the monthly
portfolio return. The different factors in the table are described in section 4.1.2. The portfolio Short
90" includes stocks that are in the portfolio with the highest short interest ratio (SIR) in month t—1,
respectively. The portfolios Long 10" include stocks that are in the portfolio with the lowest SIR
in month t—1. The average number of stocks in the portfolios is shown under “# stocks.” R?
represents R-squared and shows how well the data fits the regression model. Regression
coefficients are reported with p-values, * stands for significance at 10% level, ** - at 5% level,

*** _at 1% level.

Table 5.3 reveals that the inclusion of two additional factors only marginally
improves the model's explanatory power. Notably, the regression analysis for the
short-only 90th percentile portfolio exhibits the most substantial increase in
explanatory power, with a modest improvement of 1.61%. These findings suggest
that the added factors have limited influence in capturing additional variation in

the portfolio return. Furthermore, these results provide valuable insights into the
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portfolio's relationship with the Profitability and Investment factors within the

Fama-French model.

The inclusion of the two new factors in our analysis of portfolio returns has
yielded limited to no additional explanatory power. Prior studies have examined
the relationship between the short interest factor strategy's return and the Fama-
French three-factor model, with the subsequent incorporation of the momentum
factor. These investigations, conducted by Desai et al. (2002), Asquith et al.
(2005), and Boehmer et al. (2010), have demonstrated a significant correlation
between all factors and portfolio returns. However, the specific impact of the
momentum factor on augmenting the explanatory power of the regression model
was not thoroughly examined in these studies. Consequently, the degree to which

the momentum factor enhances the model remains uncertain.

Table 5.3: Adjusted R-square

Portfolios FF3 FF5

Short 90t 0,8715 0,8876
Long 10t 0,5156 0,5191
Long — Short 10% — 90 0,5052 0,5154

Table 5.3 displays the adjusted R-square for the Fama-French three-factor and five-factor regression.

5.3 Other performance measures

In addition to the regression analysis, we assessed the risk-adjusted performance
of the strategies. We have employed various metrics such as average return,
standard deviation, and Sharpe ratio to evaluate their performance. By considering
alternative performance metrics, we aim to gain a comprehensive understanding
of how the portfolios perform, beyond the scope of the Fama-French factor

utilized in our analysis.

The average monthly return from the different strategies is presented in Table 5.4.
For the long-only strategy, we observe negative returns for the three different
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percentile strategies. The long-only strategy exhibits only a positive average
monthly return and the 1,25 percentile strategy is the one with the highest value
averaging at 0,7271% monthly return. Similarly, the long-short strategy delivers a
positive average return ranging from 0,1254% in the least conservative portfolio

sorting strategy to 0,5750% in the most conservative strategy.

In the Sharpe ratios presented in Table 5.3, we observe a similar pattern to the
average monthly returns across different strategies. As the portfolio sorting
becomes more conservative, the Sharpe ratio increases for all strategies. The long-

short strategy stands out with the highest observed Sharpe ratio at 0.6031.

Table 5.4: Sharpe Ratio

Portfolios Return SR

Short 90t -0,0026 -0,1518
(-0,0602)

Short 98t -0,0012 -0,0610
(-0,0675)

Short 98,75 -0,0015 -0,0758
(0,0981)

Long 10t 0,0039 0,3630
(0,0371)

Long 2nd 0,0062 0,5343
(-0,0404)

Long 1,25% 0,0073 0,6031
(0,0418)

Long — Short 10t — 9Ot 0,0013 0,1010
(-0,0430)

Long — Short 2nd _ ggth 0,0050 0,3092
(-0,0565)

Long — Short 1,25% —98,75® 0,0058 0,3306
(-0,0602)

Table 5.4 displays the average monthly return from the portfolios. In the parenthesis are the

standard deviation reported. SR reports the Sharpe ratio for each portfolio.

However, these findings contradict the results of the regression analysis.
According to the analysis, the short strategy had the highest alpha, followed by
the long-short strategy, while the long-only strategy had the lowest alpha, which
was negative. One possible explanation for these contradictory findings is that the
long-only strategy interacts differently with the Fama-French factors. Table 5.1
shows that all significant slope coefficients for the long strategy are positive.

Additionally, we have provided the cumulative returns of all strategies and the
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Fama-French factors in the appendix. The graph for the long-only strategy
outperforms the long-short and short-only strategies in terms of cumulative
returns. However, there is a noticeable correlation between the returns and the
first three factors, particularly the market factor. This correlation can explain the
absence of abnormal returns from the strategy as the market can explain a

significant portion.
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6.0 Conclusion

The primary objective of this thesis is to investigate if short sellers are informed
traders and assess the potential for generating abnormal returns by exploiting short
selling information. We employ a systematic approach to achieve this by sorting
stocks listed on the NYSE into portfolios based on their short interest ratios from
the preceding month. Moreover, our investment strategy involves taking short
positions in portfolios exhibiting the highest percentile of short interest and taking
long positions in portfolios characterized by the lowest percentile of short interest.
By implementing this approach, we aim to capitalize on the potential

opportunities presented by stocks with high short interest ratios and those with

low short interest ratios, respectively.

Our findings reveal that both the short and long-short strategies yield positive
abnormal returns that cannot be accounted for by the Fama-French five-factor
model. It is noteworthy that even though the short-only strategy exhibits an
average negative return and a slightly negative Sharpe ratio, it still generates
positive abnormal returns. Contradictory, even though we find positive averages
return and the highest Sharpe ratio in the long only strategies, the findings from
the intercept analysis indicate that the return is already priced in the model.

Moreover, our findings indicate that the inclusion of the investment and
profitability factor does not significantly improve the explanation of excess
portfolio returns. In particular, the investment factor exhibits no significant
coefficient in the regression results. This highlights the potential for future
research to explore alternative factors that may better capture the variations in
portfolio returns. Extending the scope of investigation in this manner might yield
a more robust understanding and offer more insights into the variability of

portfolio return from the short interest investment strategy.
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Appendix

Figure A.1: Cumulative return of long-short 10" — 90" percentile portfolio with

Fama-French five-factors
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Figure A.2: Cumulative return of long 10" percentile portfolio with Fama-French

five-factors
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Figure A.3: Cumulative return of short 90" percentile portfolio with Fama-French

five-factors
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Figure A.4: Cumulative return of long-short 2"-98" percentile portfolio with

Fama-French five-factors
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Figure A.5: Cumulative return of long 2" percentile portfolio with Fama-French

five-factors
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Figure A.6: Cumulative return of short 98" percentile portfolio with Fama-French

five-factors
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Figure A.7: Cumulative return of long-short 1,25 — 98,75™ percentile portfolio

with Fama-French five-factors
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Figure A.8: Cumulative return of long 1,25" percentile portfolio with Fama-

French five-factors
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Figure A.9: Cumulative return of Short 98,75 percentile portfolio with Fama-

French five-factors
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Table A.1: T-test for intercept comparison

Portfolios t-statistic  p-value
Short 90" 0,6890 0,4913
Long 10™ -0,1958  0,8449

Long - Short 10" — 90" 0,3139 0,7538

Table A.1 presents the t-statistics and corresponding p-values from a t-test that examines whether
the intercept in the Fama-French five-factor regression significantly differs from the intercept in
the Fama-French three-factor regression. The portfolio labeled as "Short 90th" comprises stocks
from the portfolio with the highest short interest ratio (SIR) in month t—1. Similarly, the portfolios
labeled as "Long 10th" consist of stocks from the portfolio with the lowest SIR in month t—1.
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