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Abstract

We measure a stock’s short-selling profitability (SSP) as its price sensitivity to short-selling
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as a novel determinant of stock lending fees in the cross-section. While the profitability of
anomalies decreases when accounting for short-selling fees, they remain exploitable among
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high-SSP stocks.
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1. Introduction

Anomalies in financial market often reflect instances of asset mispricing, which, under

the assumption of market efficiency, should be corrected over time. The existing literature

largely attributes the persistence of these anomalies to the high costs of short-selling.1 When

short sellers target overvalued stocks, their profits are shared with stock lenders, who charge

lending fees, leaving short sellers with the remaining return after accounting for these costs.

In typical capital markets, short-selling can be costly, which limits arbitrageurs’ ability to

exploit anomalies and correct mispricing. As a result, high short-sale fees play an important

role in sustaining anomalous asset prices (Saffi and Sigurdsson, 2011; Beneish, Lee, and

Nichols, 2015; Muravyev, Pearson, and Pollet, 2024; Schultz, 2024). To better understand

asset pricing dynamics, it is necessary to examine the determinants of short-selling fees

(Geczy, Musto, and Reed, 2002). In this paper, we explore a stock lending market where

lenders hold market power and extract a portion of short-selling profits through fees.2 Within

this context, we propose a novel determinant of short-selling fees: stock-level short-selling

profitability.

A typical short-sale transaction involves two participants: a stock lender, who supplies

shares, and a short seller, who borrows these shares to profit from expected price declines.

The lender charges a fee for lending shares, while the short seller aims to generate returns

net of this fee. At the expiration of the stock loan, the short seller’s profit is determined

by the difference between the stock’s price change and the short-selling fee. Building on the

insights of Chen, Kaniel, and Opp (2023), we examine the dynamics of the stock lending

market, where short sellers face frictions in securing stock shares. This market structure

1Prior studies include, but are not limited to, Jones and Lamont (2002), Scheinkman and Xiong (2003),
Lamont (2004), Nagel (2005), Beneish, Lee, and Nichols (2015), Ljungqvist and Qian (2016), Schultz (2023),
and Engelberg, Evans, Leonard, Reed, and Ringgenberg (2024).

2Theoretical models examining stock lending fees in the equity market under different frameworks include
Duffie, Garleanu, and Pedersen (2002) and Atmaz, Basak, and Ruan (2024). Blocher, Reed, and Van Wesep
(2013) document distinct price patterns for hard-to-borrow stocks, connecting the security lending market to
stock market behavior. Kolasinski, Reed, and Ringgenberg (2013) empirically test the predictions of Duffie,
Garleanu, and Pedersen (2002).
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grants stock lenders pricing power, allowing them to extract a portion of the profits from

short-selling. Specifically, lenders leverage their market power to set fees based on the pre-

fee profitability of short sales, exploiting short sellers’ information advantages regarding

expected price declines.

Short-selling profitability, before accounting for fees, depends on the sensitivity of stock

prices to short-selling activity. We propose that stock-level lending fees are negatively asso-

ciated with the sensitivity of expected stock returns to short-selling activity—termed short-

selling profitability (SSP)—reflecting stock lenders’ strategic use of their market power to

extract value from short sellers..

To estimate SSP, we use 36-month rolling window regressions, requiring stocks to have

at least 24 monthly observations for each estimate.3 We regress stock returns on lagged

abnormal short interest at the stock level using the following equations:

ExRetit = αit + δit abnSIRit−1 + εit, (1)

SSP it = −δit, (2)

where ExRetit represents the excess return of stock i in month t, and abnSIRit−1 denotes

the abnormal short interest of stock i in month t-1. Following Karpoff and Lou (2010)

and Chen, Da, and Huang (2022), abnormal SIR is calculated as the difference between a

stock’s short interest ratio (SIR) at month t-1 and its 12-month average. This adjustment

accounts for short sellers’ tendency to increase short-sale positions in response to negative

information. We posit that short sellers initiate stock loans based on adverse expectations

regarding future stock prices. Thus, we control for short interest over the preceding year.

The lead-lag regression coefficient δit captures the sensitivity of stock returns to changes in

short interest while mitigating forward-looking bias. SSP is then computed as -δit.

We find that stocks with certain characteristics—such as small market capitalization,

3The main empirical results remain robust when using 48- and 60-month rolling windows or when con-
trolling for the market factor in the estimation of SSP.
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high book-to-market ratios, weak past performance, high disagreement, low liquidity, high

idiosyncratic volatility, lottery-like features, and young age—tend to exhibit high SSP. These

stocks typically experience significant price declines following short-selling, making them

highly profitable for short sellers before accounting for fees.

To establish SSP as a novel determinant of short-sale fees, we make three assumptions.

First, short-selling activities negatively predict expected stock returns due to short sellers’

information advantage. The existing literature documents a negative relationship between

short interest and stock returns in the cross-section. For example, Rapach, Ringgenberg, and

Zhou (2016) find that short interest strongly predicts lower market returns both in-sample

and out-of-sample. Similarly, Engelberg, Reed, and Ringgenberg (2012) provide evidence

that short sellers are skilled in processing information, enabling them to forecast the future

underperformance of equities. Chen, Da, and Huang (2022) further examine short-selling

efficiency at the market level, confirming a negative relationship between short interest and

future returns.4 Second, we assume that stock lenders possess market power, enabling them

to set short-selling fees. This assumption is supported by Chen, Kaniel, and Opp (2023)

which documents that the two largest stock lenders dominate the market, collectively holding

substantial shares ranging from 50% to 85%. Third, stock-level SSP exhibits persistence over

time. This persistence is necessary, as stock lenders set lending fees, which will be returned

at the maturity of the stock loan, based on SSP estimated from past stock returns. Section

4.2 provides empirical evidence showing the out-of-sample persistence of SSP. Given these

assumptions, supported by theoretical literature and empirical evidence, we argue that when

the return of a stock is highly and negatively sensitive to short-selling activity, short sellers

can generate substantial profits. Thus, stock lenders charge high short-selling fees to extract

a portion of these profits, increasing borrowing costs for short sellers.

4Studies that examine the relationship between stock-level short interest and asset prices also include:
Brent, Morse, and Stice (1990); D’avolio (2002); Chen and Singal (2003); Lamont and Stein (2004); Asquith,
Pathak, and Ritter (2005); Boehmer, Huszar, and Jordan (2010); Drechsler and Drechsler (2014); Ben-David,
Drake, and Roulstone (2015) and Beneish, Lee, and Nichols (2015). Studies documenting the information
advantage of short sellers also include: Sun and Yin (2017); Purnanandam and Seyhun (2018) and Boehmer,
Jones, Wu, and Zhang (2020).
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Using stock-level short-selling cost data from FIS Securities Finance Market, we employ

the monthly value-weighted average short-selling fee as our primary measure of short-selling

costs. Our results indicate a strong positive relationship between SSP and monthly short-

selling fees, even after controlling for firm-level characteristics that influence short-selling

costs. Employing panel regressions with multiple fixed effects, we obtain consistent results

across different methodologies. To further validate our analysis, we incorporate two alter-

native measures of short-selling fees: the Daily Cost of Borrowing Score (DCBS) from IHS

Markit and the option-implied short-selling fee. Our baseline findings remain robust when

using these alternative proxies providing strong empirical evidence support for our hypothesis

that stock lenders with market power set short-selling fees based on SSP.

To further investigate the relationship, we divide the full sample into two subsamples

based on the level of market power associated with each stock: high-market power stocks

and low-market power stocks. Since the pricing of short-selling fees based on SSP captures a

stock lender’s ability to leverage market power, we hypothesize that the relationship between

SSP and short-selling fees is more pronounced for stocks with high market power than those

with low market power. We proxy stock lender market power using lender concentration,

measured as the total market share of the two largest stock lenders at the stock level. Our

results confirm a significant positive relationship between SSP and short-selling fees for stocks

with high market power, while this relationship is weaker for stocks with low market power.

This asymmetry supports our hypothesis that stock lenders exploit their market power when

setting short-selling fees.

Given that SSP captures the information advantage of short sellers and affects short-

selling fees, we examine the asset pricing implications of this relationship for stock market

anomalies. Muravyev, Pearson, and Pollet (2024) demonstrate that when accounting for

short-selling fees, the aggregate return spread across anomalies becomes statistically insignif-

icant. Their findings indicate that anomaly profitability is largely concentrated in short-leg

stocks when short-selling fees are excluded. We hypothesize that stock market anomalies
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are more pronounced among high-SSP stocks, where short sellers have a stronger informa-

tion advantage and short-selling is both efficient and profitable. The after-fee performance

of anomalies reflects the profit retained by short sellers from their information advantage,

after stock lenders have extracted a portion of the gains. If stock lenders possess market

power that allows them to trade against short sellers’ information advantage, the aggregate

return spread from anomalies becomes insignificant after accounting for short-selling fees,

as observed by Muravyev, Pearson, and Pollet (2024). However, stock lenders might charge

short-selling fees while still leaving a portion of profits for short sellers in high-SSP stocks,

given short sellers are more informed about future stock prices. Therefore, anomalies should

remain significant among high-SSP stocks even after accounting for short-selling costs.

Building on Muravyev, Pearson, and Pollet (2024), we analyze and compare the before-

fee and after-fee performances of 151 stock market anomalies. Our results illustrate that

short-selling fees substantially reduce the profitability of arbitraging these anomalies by

approximately 38.59%. However, while short-selling fees take partial profits, they do not fully

explain anomaly performance in high-SSP stocks. Notably, exploiting anomalies is profitable

before fees and remains significantly profitable in high-SSP stocks even after accounting for

short-selling costs. Our findings suggest while stock lenders have market power, they do not

entirely eliminate arbitrage opportunities, and short-selling costs are not the sole driver of

cross-sectional stock market anomalies.

We conduct two additional analyses to ensure the robustness of our findings. First, we

apply a Bayesian shrinkage factor (Frazzini and Pedersen, 2014; Liu, Stambaugh, and Yuan,

2018) to refine the SSP estimates. Second, our findings show that SSP is negatively related

to both the average tenure of stock loans and the lendable rate, while positively associated

with lender concentration.

Our study contributes to two strands of literature by improving the understanding of

the stock lending market. First, we introduce SSP as a novel mechanism through which

5



institutional investors determine stock-level short-selling fees.5 Previous research has identi-

fied several factor affecting short-selling fees, including analyst disagreement (D’avolio, 2002;

Atmaz, Basak, and Ruan, 2024), search costs (Duffie, Garleanu, and Pedersen, 2002), liq-

uidity premium (Diether and Werner, 2011; Saffi and Sigurdsson, 2011; Porras Prado, Saffi,

and Sturgess, 2016), short interest ratio (Beneish, Lee, and Nichols, 2015), matching costs

(Gârleanu, Panageas, and Zheng, 2021), and institutional ownership (Diether and Werner,

2011; Beneish, Lee, and Nichols, 2015; Porras Prado, Saffi, and Sturgess, 2016; Honkanen,

2020; Sikorskaya, 2023; Palia and Sokolinski, 2024). Duffie, Garleanu, and Pedersen (2002)

suggest that stock lending fees increase with the difference of opinion between optimists

and pessimists, as well as with the bargaining power of lenders. Our study extends this

literature by demonstrating that short-selling fees are higher for stocks expected to have sig-

nificant negative returns because of short-selling activity. Specifically, SSP remains a strong

determinant of short-selling fees even after controlling for most of the identified factors.

Second, our study contributes to the literature by providing additional evidence on the

role of short-selling costs in explaining stock market anomalies, focusing on the market power

of stock lenders. Prior research has explored various explanations for stock market anoma-

lies, with short-selling costs being an important factor. For example, Nagel (2005) shows

that several anomalies are more pronounced in stocks with significant short-sale constraints.

Similarly, Stambaugh, Yu, and Yuan (2012) argue that short positions are more profitable

than long positions for stock anomalies, partly due to short-selling costs. Chu, Hirshleifer,

and Ma (2020) examine 11 anomalies using the causal impact of the SHO program and find

that these anomalies are weaker in stocks without short-selling constraints. Consistent with

Muravyev, Pearson, and Pollet (2024), our results confirm that stock market anomalies gen-

erally become insignificant after accounting for short-selling fees. However, among stocks

where short-selling is likely profitable (i.e., high-SSP stocks), the aggregate return spread

5The literature on the joint determinants of short selling fees includes, but is not limited to, D’avolio
(2002), Beneish, Lee, and Nichols (2015), Edelen, Ince, and Kadlec (2016), Gârleanu, Panageas, and Zheng
(2021), and Atmaz, Basak, and Ruan (2024).
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across anomalies remains statistically significant. This indicates that stock lenders do not

extract all profits from short sellers, enabling them to retain gains due to their informa-

tion advantage. Moreover, while short-selling costs substantially affect anomaly profitability

among high-SSP stocks, they are not the sole factor driving this pattern.

Our study also questions whether short-selling costs effectively measure short-sale con-

straints. Previous research often uses short-selling fees as a proxy for short-sale constraints

(Asquith, Pathak, and Ritter, 2005), indicating that certain stocks are difficult to short-sell

due to high borrowing costs. However, our findings suggest that short-selling profitability is

a key driver of short-selling costs. Specifically, short sellers may target high-fee stocks due

to their potential for high short-selling profits, meaning that high short-selling costs may not

strictly reflect significant short-sale constraints. Instead, high stock borrowing costs may

be offset by the expected profits from short-selling as the stock price declines. This insight

highlights the need for further empirical research on the interaction between short-selling

profitability and short-sale constraints.

The remainder of this paper is organized as follows: Section 2 develops the hypotheses.

Section 3 describes the data and methodology. Section 4 presents the main empirical results,

examining the relationships between short-selling profitability and stock lending fees, as well

as short-selling profitability and stock returns and anomalies. Section 5 discusses additional

empirical tests and Section 6 concludes.

2. Hypothesis Development

We test three hypotheses in this paper. The key variable of our study, SSP, captures the

predictive power of short interest for future negative stock returns. Prior literature provides

robust evidence that short interest predicts negative future stock returns. Stock lenders

with market power extract a portion of short-selling profits if the stock-level SSP exhibits

persistent out-of-sample predictability. Since stock loans are returned at maturity, lenders
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rely on SSP—estimated from historical stock prices—to forecast short-selling profits and set

appropriate short-selling fees. For this intuition to hold, it is essential that short interest

consistently predicts future stock returns out-of-sample. This reasoning leads to our first

hypothesis:

Hypothesis 1 Short interest negatively predicts stock returns in the cross-section, with

stronger negative predictability for high-SSP stocks than for low-SSP stocks.

Since SSP is related to potential short-selling profits, it should also impact short-selling

fees when stock lenders extract a portion of those profits. Holding lender’s market power

constant, we expect a positive relationship between stock-level SSP and short-selling fees.

Moreover, this relationship should be stronger for stocks where stock lenders have larger

market power. However, in markets where short sellers have bargaining power over short-

selling fees, lenders are less likely to extract profits according to SSP. This leads to our second

hypothesis:

Hypothesis 2.1 Stocks with high SSP incur high short-selling fees, whereas stocks with low

SSP incur low short-selling fees.

Hypothesis 2.2 The positive relationship between SSP and short-selling fees is stronger for

stocks where stock lenders have greater market power in the lending market.

Finally, we examine the impact of SSP on asset prices at the cross-section. Our intuition

suggests that stock lenders impose short-selling fees to capture a portion of the profits gen-

erated by short sellers. The existing literature shows that the profitability of stock market

anomalies mainly arises from short-selling the short-leg stocks in anomaly portfolios (Stam-

baugh, Yu, and Yuan, 2015). Furthermore, Muravyev, Pearson, and Pollet (2024) show that

most stock market anomalies become unprofitable after accounting for short-selling fees.

Their findings have several important implications. First, the profitability of stock market

anomalies is concentrated in short-leg stocks. Second, stock lenders extract a significant

portion of arbitrage profits by exploiting their market power, leading the return spread of
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anomaly portfolios to be insignificant.6 Third, anomalies persist over time mainly due to

short-selling costs.

We hypothesize that stock market anomalies are statistically stronger in high-SSP stocks

than in low-SSP stocks due to differences in short-selling profitability. Specifically, since

short sellers are more (less) likely to gain an information advantage in high-SSP (low-SSP)

stocks, we expect anomalies to be more pronounced among stocks that are highly sensitive

to short-selling activity. Thus, we propose our third hypothesis:

Hypothesis 3.1 Stock market anomalies become insignificant after accounting for short-

selling fees, consistent with the existence of market power of stock lenders.

Hypothesis 3.2 After accounting for short-selling fees, stock market anomalies remain

statistically significant for high-SSP stocks but become insignificant for low-SSP stocks.

3. Data and Methodology

3.1. Short Interest and Short-Selling Profitability

We obtain monthly stock returns from CRSP and extract short interest and firm char-

acteristics from Compustat. We exclude stocks in the utility sector (SIC codes 4001-4999)

and the financial sector (SIC codes 6001-6999). Our sample includes only common stocks

(CRSP share codes 10 and 11) listed on NYSE, NASDAQ, or AMEX. We remove stocks

with a market capitalization below $15 million or a closing price below $1 in the previous

month.

The short interest ratio (SIR), defined as the number of shares held short divided by total

shares outstanding, is widely as a proxy for short-sale activity.7 We exclude observations

where SIR is negative or exceeds 100%, as these likely result from reporting errors, though

such observations represent less than 1% of all stock-month data. Table 1 provides summary

6See Table 3 in Muravyev, Pearson, and Pollet (2024) for a detailed analysis of anomaly performance.
7The earliest short interest data dates back to January 1973. However, the earliest SSP estimation began

in January 1977 to ensure sufficient observations. See Akbas, Boehmer, Erturk, and Sorescu (2017) and Bao,
Kim, Mian, and Su (2019).
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statistics for SIRs in the full sample.

Short-selling profitability (SSP), defined as the negative coefficient of δit in Equation

(1), reflects the estimated profitability of short selling. To mitigate the impact of outliers,

we winsorize SSP at the 1% level each month and normalize it using the monthly cross-

sectional standard deviation. The full sample spans 504 months from 1980 to 2021, including

1,215,646 stock-month SSP estimates. However,our empirical analyses focus on short-selling

fee observations from 2005 onward. Table 1 presents the summary statistics of SSP, which

has a mean of -0.09 and a median of 0.00. The negative average SSP suggests that, on

average, stocks tend to experience negative returns following an increase in short interest.

This finding supports Hypothesis 1, which posits that short interest predicts negative stock

returns, aligning with the existing literature.

[Insert Table 1 here]

Figure 1 plots the monthly average SSP across all stocks over time, with shaded areas

indicating NBER recession periods. We observe that the market average SSP tends to

decline during recessions, particularly in the periods from September 1982 to June 1986,

August 1990 to December 1990, and November 2008 to October 2011, all of which follow

economic recessions. We anecdotally observe that the market average SSP was low or even

negative during the 2008 financial crisis. This pattern is expected, as the 2008 short-sale ban

likely reduced short-selling efficiency, leading to a smaller or negative aggregate SSP across

individual stocks. This finding is consistent with Andrews, Lundblad, and Reed (2024),

which documents commonality in short-selling fees and suggests that the market-level short-

sale costs were low and occasionally negative during the 2008-2009 financial crisis.

[Insert Figure 1 here]
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3.2. Short-selling Fee Measures and Other Data

We consider three measure of short-selling fees: the FIS short-selling fee, the Markit

DCBS, and option-implied short-selling fees. We obtain daily short-selling fees at the in-

dividual security level from the FIS Securities Finance Market Data. The dataset provides

broad coverage of daily stock-level average lending fees and the market values of daily stock

loans, spanning from January 2005 to December 2022. It has been widely used in recent

studies, including Dixon, Fox, and Kelley (2021), Engelberg, Evans, Leonard, Reed, and

Ringgenberg (2024), and Schultz (2024). The FIS dataset reports retail fees that stock

lenders charge brokerages, with brokers requiring cash collateral for all stock loans. Follow-

ing Dixon, Fox, and Kelley (2021) and Muravyev, Pearson, and Pollet (2022), we define the

stock-level short-selling fee as the difference between the Federal Funds rate and the rebate

rate paid on collateralized loans.8 The FIS short-selling fee can serve as a cross-sectional

approximation of short-selling costs.

Following the methodology of Muravyev, Pearson, and Pollet (2024), we assume that

short-sellers pay 100% of the short-selling fee when borrowing short-leg stocks.9 However,

since stock lenders typically cannot lend all shares, long-leg stockholders usually receive less

than the full short-selling fee. Consistent with their study, we assume that long-leg investors

receive 70% of short-selling fee, reflecting the proportion of utilized stock loans. To address

potential outlier problem, we include only observation that the FIS short-selling fee ranges

between 0% and 100% in our empirical analyses.10 Eventually, we obtain a final sample with

359,295 SSP-fee monthly observations.

The second measure of short-selling cost is the Daily Cost of Borrowing Score (DCBS),

obtained from IHS Markit. DCBS, widely used in the literature (Beneish, Lee, and Nichols,

8We further exclude a small subset of cash collateralized loans with fixed rates and durations, as their
costs remain unaffected by market conditions. Instead, we focus on overnight cash collateralized loans.
However, our results remain robust even when all cash-collateralized loans are included.

9Our results are robust to a markup up to 15%, or when short-sellers pay up to 115% of the short-selling
fee when borrowing short-leg stocks.

10In unreported analyses, we find that using stricter data filtration for outliers generates statistically more
significant results.
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2015; Schultz, 2023; Palia and Sokolinski, 2024), measures the expensiveness of short-selling

and covers more than 90% of stocks. The DCBS score ranges from 1 to 10, with high

values indicating greater borrowing costs. We calculate monthly short-selling fees as the

mean of daily DCBS scores, requiring at least four daily observations per month. Our final

sample includes 638,724 monthly DCBS observations from 2007 to 2021, merged with our

SSP estimates.

We also consider a third measure of short-selling costs—the option-implied short-selling

fee, proxied by put-call disparity—following Ofek, Richardson, and Whitelaw (2004) and

Engelberg, Reed, and Ringgenberg (2018). For each stock, the short-selling cost is calculated

as the difference between the synthetic stock price implied by options and the spot stock

price. The synthetic stock price is computed as the difference between the call and put

prices, adjusted for the discounted strike price.11

Additionally, we include specialness into our analysis, despite it not being a standard

measure of short-selling fees (Beneish, Lee, and Nichols, 2015; Porras Prado, Saffi, and

Sturgess, 2016; Palia and Sokolinski, 2024). This measure builds on D’avolio (2002) and

aligns with the literature’s classification of high lending fee or hard-to-borrow (special) stocks.

A stock is classified as special if its monthly average DCBS score exceeds 4, in which case it

is assigned a value of 1; otherwise, the specialness of the stock is assigned a value of 0.

Table 1 reports summary statistics for the FIS short-selling fees and the DCBS at the

monthly frequency. As shown in column (3), the average FIS short-selling fee is 2.21% per

year, and the fee is less than 1% for most stocks. The mean DCBS score of 1.50, consistent

with the observation of the FIS short-selling fee that it is not expensive to borrow most

stocks. Column (5) reports statistics for stock lenders’ Market Power, defined as the total

percentage of lendable shares supplied by the two largest stock lenders.

Table 2 presents the correlation coefficients among the various measures of short-selling

11Options written on individual stocks are typically American style, necessitating consideration of early
exercise risk in estimating put-call disparity (Ofek, Richardson, and Whitelaw, 2004). To mitigate this issue,
we restrict the sample to options with three-month maturities, as short-maturity options have lower expected
dividends, reducing the likelihood of early exercise.
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fees. The FIS short-selling fee, our primary measure in the baseline analysis, is strongly

and positively correlated with the natural logarithm of the monthly DCBS, option-implied

short-selling fees, and specialness. For instance, the correlation between the FIS fee and

the logarithm of DCBS is 0.5234, which is highly significant (p-value = 0.00). The p-values

reported below the correlation coefficients confirm that all measures are strongly correlated,

indicating the consistency of our short-selling fee proxies. Moreover, we find that the average

option-implied short-selling fee is around 0.34% per month, equivalent to 4.16% per annum,

which is slightly higher than the FIS short-selling fee of 2.21% per annum. The difference

between these two estimates likely reflects additional market friction of options trading.

[Insert Table 2 here]

To identify SSP as a novel determinant of short-selling fees, we control various firm char-

acteristics that have been shown in the literature as affecting short-selling costs. We obtain

firm characteristics, including beta, size, book-to-market ratio, momentum, and illiquidity,

from the Open Source Asset Pricing website.12 We measure disagreement as the dispersion

of analysts’ one-year EPS forecasts, following Diether, Malloy, and Scherbina (2002). Insti-

tutional ownership is defined as the total shares held by institutional investors scaled by the

total shares outstanding. Table 1 provides summary statistics for these firm characteristics.

Moreover, we obtain variables of anomalies, including idiosyncratic volatility (Ang, Hodrick,

Xing, and Zhang, 2006), lottery demand (Bali, Brown, Murray, and Tang, 2017), coskewness

risk (Ang, Chen, and Xing, 2006), and firm age (Barry and Brown, 1984). Appendix Table

?? provides the definitions of all variables unsed in this study.

12We thank Andrew Chen and Tom Zimmermann for generously sharing their data. Stock-level variables
of anomalies are available at https://www.openassetpricing.com/data/.
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4. Empirical Analysis

In this section, we present the main results of our study. First, we examine the relation-

ship between SSP and firm characteristics. Second, we demonstrate that SSP is a persistent

measure of short-selling profitability by showing that stocks with high abnormal short inter-

est generate low returns only when SSP is high. Third, we examine the association between

SSP and short-selling costs at the stock level, as well as the role of market power in shaping

this relationship. Finally, we show that stock market anomalies remain statistically prof-

itable in high-SSP stocks, even after accounting for short-selling fees, whereas anomalies

become insignificant for low-SSP stocks when adjusted by short-selling fees.

4.1. Short-selling Profitability and Firm Characteristics

We begin by analyzing the firm characteristics of stocks with SSP to identify which stocks

are associated with higher or lower short-selling costs. Understanding the relationship be-

tween SSP and return-predicting firm characteristics is important for two reasons. First, this

analysis advances our understanding of SSP’s role in predicting short-selling fees and helps

identify stocks likely to incur higher borrowing costs. Second, a significant relationship be-

tween SSP and these firm characteristics suggests that short-selling fees may provide insight

into anomalies driven by these variables, as highlighted by Muravyev, Pearson, and Pollet

(2024). Therefore, establishing a statistical relationship between SSP and anomaly-based

firm variables helps relate asset prices to SSP.

We perform stock-level Fama and MacBeth (1973) regressions, conducting univariate

regressions of SSP on various firm characteristics. We report time-series averages of regression

coefficients along with Newey-West adjusted t-statistics Newey and West (1987). Table 3

summarizes the results for eleven important characteristics. Column 1 shows a significant

positive relationship between SSP and market beta (t− stat = 12.44), suggesting that high-

beta stocks are more likely to generate negative returns following abnormal increases in

short interest. This result indicates that short-selling high-beta stocks is more profitable
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than short-selling low-beta stocks, consistent with the literature that high-beta stocks are

more likely to be mispriced (Baker, Bradley, and Wurgler, 2011; Hong and Sraer, 2016;

Ramachandran and Tayal, 2021).

Column 2 presents a significant negative relationship between SSP and firm size (t− stat=-

18.47), indicating that smaller stocks are more prone to negative short-sale activity than

larger stocks. This result is consistent with prior findings that smaller stocks are costlier to

borrow in the stock lending market (Beneish, Lee, and Nichols, 2015; Porras Prado, Saffi,

and Sturgess, 2016). Columns 3 and 4 show that stocks with high book-to-market ratios and

poor past performance exhibit lower returns following increases in short interest, consistent

with previous studies (Beneish, Lee, and Nichols, 2015).

Column 5 demonstrates a positive relationship between SSP and disagreement, indicating

that short-selling fees respond positively to disagreement. This finding supports the first

proposition of Atmaz, Basak, and Ruan (2024) and is consistent with the empirical evidence

of D’avolio (2002). Column 6 examines the relationship between SSP and stock liquidity,

using Amihud (2002)’s illiquidity measure as a proxy. The positive coefficient indicates

that illiquid stocks are associated with higher SSP, implying that illiquidity increases short-

selling costs. Column 7 demonstrates a significant positive relationship between SSP and

idiosyncratic volatility (t− stat=14.30), suggesting that stocks with higher idiosyncratic

volatility are more prone to short interest changes. This finding is also consistent with the

first proposition of Atmaz, Basak, and Ruan (2024).

Column 8 shows that SSP is positively associated with lottery demand (MAX) (Bali,

Brown, Murray, and Tang, 2017), implying that stock lenders require higher short-selling fees

for stocks with extreme daily returns. Column 9 shows a negative relationship between SSP

and downside risk (co-skewness), suggesting that short-selling is more profitable for stocks

with greater downside risk. Column 10 shows that SSP is lower for mature stocks than for

young stocks. Lastly, Column 11 reports a negative relation between SSP and short interest

at the stock level, indicating that lower SSP stocks likely have higher short interest. This
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result suggests that a short squeeze may drive stocks to realize positive returns following

increased short-selling activity, leading to negative SSP values. Since retail investors and

short sellers bet against each other on future asset prices, short interest may increase even

as stock prices rise, resulting in negative SSPs.

[Insert Table 3 here]

4.2. Persistence in Short-selling Profitability

This section examines the persistence of SSP at the stock level, a question of importance

for two reasons. First, stock lenders intuitively set short-selling fees based on expected short-

selling profitability, capturing a portion of the gains realized by short sellers. If SSP is to

be estimated using historical data, it must exhibit out-of-sample persistence. Second, the

statistical persistence of SSP indicates that stock lenders consistently impose high short-

selling fees on certain stocks, making these stocks persistently expensive to borrow. This

persistence may help explain asset pricing anomalies through the lens of SSP.

To explore SSP’s persistence, we examine the out-of-sample performance of abnormal

short interest in predicting future stock returns. Previous literature has shown that short

interest negatively predicts stock returns at the cross-section (Engelberg, Reed, and Ringgen-

berg, 2012 ; Rapach, Ringgenberg, and Zhou, 2016; Chen, Da, and Huang, 2022). To ensure

that the predictive relationship between abnormal short interest and stock returns remains

robust after accounting for short-selling fees, we follow the methodology of Muravyev, Pear-

son, and Pollet (2024), adjusting stock returns by applying a markup to short-leg stocks. In

quintile portfolio analysis, stocks in the highest abnSI quintile, which typically deliver lower

expected returns, are categorized as short-leg stocks. Conversely, stocks in the remaining

abnSI quintiles, representing approximately 80% of the sample, are classified as long-leg

stocks. Since long-leg stockholders are unlikely to lend out their entire holdings, we adjust

long-leg stock returns by adding a 70% markup on the short-selling fee to account for unuti-
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lized stock loans (Muravyev, Pearson, and Pollet, 2024). Similarly, for short-leg stocks, we

adjust returns by adding 100% of the short-selling fee, reflecting the compensation received

by investors who lend their shares to brokerages, as recorded by the FIS.13

Panel A of Table 4 reports the results of the portfolio analysis, where stocks are sorted

into quintile portfolios based on their lagged abnormal short interest from the previous month

using NYSE breakpoints. Columns (1) and (2) present average abnormal short interest and

equal-weighted portfolio returns after accounting for short-selling fees for the full sample.

Column (1) shows that lagged abnormal short interest rises from -0.0401 in the lowest quin-

tile to 0.0406 in the highest quintile. Column (2) indicates that after-fee portfolio returns

decrease from 1.5536% per month in the lowest quintile to 1.2901% in the highest quintile,

generating a statistically significant long-short monthly return of 0.2636% (t− stat = 1.98).

The rows labeled CAPM Alpha, FF3 Alpha, FF5 Alpha, and FF6 Alpha report risk-adjusted

returns under various factor models, including the CAPM, Fama and French (1993) three-

factor, Fama and French (2015) five-factor, and Fama and French (2018) six-factor models.

The negative relationship between abnormal short interest and returns remains robust across

all models. For example, the Fama and French (1993) 3-factor model generates a long-short

monthly return of 0.2498%, which is statistically significant at the 5% level. Overall, the

quintile portfolio analysis confirms the findings of prior studies (Asquith, Pathak, and Rit-

ter, 2005; Boehmer, Huszar, and Jordan, 2010; Engelberg, Reed, and Ringgenberg, 2012;

Rapach, Ringgenberg, and Zhou, 2016; Chen, Da, and Huang, 2022).

Next, we examine whether SSP affects the relationship between abnormal short interest

and stock returns. Since SSP is defined as the negative coefficient from regressing stock

returns on abnormal short interest, we expect that the predictability of short interest on

future stock returns is stronger for high-SSP stocks if SSP is persistent (Hypothesis 1). To

test this, we divide the full sample into high-SSP and low-SSP groups using SSP estimates

13Muravyev, Pearson, and Pollet (2024) classify stocks in the top eight deciles as long-leg stocks and
those in the bottom two deciles as short-leg stocks. However, there is no universally agreed definition of
which decile or quintile stock portfolios should be considered long- or short-leg stocks. Our findings remain
consistent across different specifications.
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from the prior month. Stocks with SSP above the cross-sectional median are classified as

high-SSP, while those below the median are categorized as low-SSP. We then conduct a

portfolio analysis to examine the relationship between expected return and abnormal short

interest within each group. Specifically, we sort stocks within each group into quintiles based

on abnormal short interest and report portfolio returns separately for high-SSP and low-SSP

stocks. Column (4) of Panel A shows that for high-SSP stocks, monthly returns decline from

1.6405% in the lowest abnormal short interest quintile to 1.2395% in the highest quintile,

resulting in a return spread of 0.4010%, which is statistically significant (t− stat=3.37).

Moreover, this long-short portfolio return remains robust after adjusting for common risk

factors. The Fama and French (1993) 3-factor model reports a risk-adjusted monthly return

of 0.4162%, statistically significant at the 1% level (t− stat=4.41). In contrast, low-SSP

stocks do not exhibit a significant relationship between abnormal short interest and expected

returns. As shown in column (6) of Panel A, both the long-short portfolio return spread and

the risk-adjusted alphas for low-SSP stocks are statistically insignificant.

For robustness, Panel B of Table 4 employs an independent double-sort methodology

when sorting stocks into quintiles by abnormal short interest. A comparison of columns

(4) and (6) in Panel B shows that the negative relationship between short interest and

stock returns is significant only for high-SSP stocks. Specifically, the monthly return spread

between the lowest quintile and the highest quintile is 0.3555% and statistically significant

(t− stat=2.21) for high-SSP stocks, while it decreases to 0.1178% and becomes insignificant

(t− stat=0.65) for low-SSP stocks. These findings support Hypothesis 1.

Panel C of Table 4 presents the results of the portfolio analysis without incorporating

short-selling fees, refinforcing Hypothesis 1. Specifically, by comparing Panel C with Panel

A, we find that arbitrage profits are higher before accounting for these costs. For instance,

the before-fee Fama and French (1993) 3-factor alpha is 0.4987% (t− stat=5.70) in column

4 of Panel C, whereas the after-fee alpha in Panel A is 0.4162%. Given the observed impact

of short-selling costs on long-short portfolio returns, Panel D of Table 4 reports the average

18



short-selling fees at the portfolio level across quintiles. Column (1) shows that for the full

sample, stocks in the quintile with the highest abnormal short interest have the highest

average short-selling fee of 0.1716% per month, indicating that higher short-sale volumes are

associated with increased short-selling costs.

Panel E of Table 4 presents the DGTW characteristics-adjusted portfolio returns (Daniel,

Grinblatt, Titman, and Wermers, 1997). The results confirm that for the full sample, ab-

normal short interest continues to predict negative stock returns at the stock level, even

after controlling for size, B/M ratio, and momentum. However, this relationship remains

significant only for high-SSP stocks, consistent with the findings in Panel A. Among low-

SSP stocks, the predictive power of abnormal short interest is insignificant. These results

suggest that SSP is persistent at the stock level, supporting our Hypothesis 1. Specifically,

stock lenders can predict SSP using historical data and set short-selling fees accordingly to

extract a portion of short-selling profits. These results also imply that SSP is a determinant

of short-selling fees at the individual stock level.

[Insert Table 4 here]

4.3. Short-selling Profitability and Short-selling Fees

This section first examines the relationship between SSP and short-selling costs (Hy-

pothesis 2.1). Next, we investigate whether stock lenders’ market power influences this

relationship (Hypothesis 2.2).

4.3.1. Using Measures of Short-selling Costs

We examine the relationship between SSP and short-selling fees using three well-known

measures of short-selling costs: the FIS short-selling fee, the Markit DCBS, and option-

implied short-selling fees. We derive the monthly stock-level FIS short-selling fee by com-

puting the value-weighted average of the daily short-selling fees over the month. The Markit
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DCBS is a score-based measure of short-selling costs, where higher scores indicate a greater

short-selling expense. We calculate the monthly DCBS score as the average daily score

within a given month ( Beneish, Lee, and Nichols, 2015). The option-implied short-selling

fee, also referred to as put-call disparity (Ofek, Richardson, and Whitelaw, 2004; Evans,

Geczy, Musto, and Reed, 2009; Engelberg, Reed, and Ringgenberg, 2018; Weitzner, 2023;

Jacoby, Li, Lin, and Yang, 2024), reflects the notion that when short-selling is constrained,

arbitrageurs may synthetically create short positions. This constraint results in increased

ask prices for put options and depressed bid prices for call options (Ofek, Richardson, and

Whitelaw, 2004; Evans, Geczy, Musto, and Reed, 2009).

We conduct panel regressions of SSP and the aforementioned short-selling fee measures,

including firm-, time-, and industry-fixed effects. First, we analyze monthly FIS short-

selling.14 Since we posit that SSP is a novel determinant of short-selling fees, we control

for all variables that are shown to affect short-selling fees in the literature. These variables

include beta, size (Diether and Werner, 2011; Saffi and Sigurdsson, 2011; Beneish, Lee,

and Nichols, 2015; Porras Prado, Saffi, and Sturgess, 2016), book-to-market ratio (Saffi and

Sigurdsson, 2011; Beneish, Lee, and Nichols, 2015), momentum (Diether and Werner, 2011;

Beneish, Lee, and Nichols, 2015), disagreement (Diether and Werner, 2011; Atmaz, Basak,

and Ruan, 2024), firm age, illiquidity (Diether and Werner, 2011; Saffi and Sigurdsson, 2011;

Porras Prado, Saffi, and Sturgess, 2016), short interest ratio (Beneish, Lee, and Nichols,

2015), idiosyncratic volatility (Beneish, Lee, and Nichols, 2015), and institutional ownership

(Diether and Werner, 2011; Beneish, Lee, and Nichols, 2015; Sikorskaya, 2023; Palia and

Sokolinski, 2024).15 Appendix Table ?? provides the definitions of all these variables.

Panel A of Table 5 reports the results. We find a significant and positive relationship

between the monthly FIS short-selling fee and SSP in the cross-section. Specifically, as shown

14To mitigate the potential impact of outliers in the FIS fee data sample, we re-examine the relationship
between SSP and short-selling costs using a winsorized FIS short-selling fee at the 1% level in each tail. Our
conclusions remain robust.

15Saffi and Sigurdsson (2011) suggest that the stock loan utilization rate may affect the cost of short-
selling. However, the FIS dataset does not include utilization rates.
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in the first row of column (1) in Panel A, the coefficient of SSP is 0.0505, with a t-stat of 2.13.

This finding indicates that stocks with higher SSP tend to have higher short-selling costs.

Columns (2) to (4) confirm the robustness of this positive relationship after controlling for

idiosyncratic volatility, institutional ownership, and utilization rate, with the coefficient of

SSP increasing to 0.0647 in column (4) (t− stat=2.59). Furthermore, columns (5) through

(8) demonstrate that this relationship persists even after excluding the industry-fixed effect

while keeping firm- and time-fixed effects. The signs of the control variables are consistent

with the literature. Overall, these results support Hypothesis 2.1.

Panel B of Table 5 presents panel regression results replacing the FIS short-selling fee with

the logarithm of the monthly average DCBS. The set of control variables remains unchanged

from Panel A of Table 5 but includes the utilization rate of stock loans, as this data is

available in the Markit database. The result, reported in the first rows of columns (1) to

(8), indicates a consistent and positive correlation between SSP and short-selling fees, even

after controlling for multiple variables. For example, in column (4), the average coefficient

of SSP is 0.0206, which is statistically significant at the 1% level (t− stat=2.65) when all

control variables are included.

Panel C of Table 5 examines the third measure for short-selling costs: the option-implied

short-selling fee. Though using option data reduces the number of observations relative to

the baseline analysis, the results remain unchanged. Panel regressions with firm-, time-, and

industry-fixed effects show statistically significant coefficients in the first rows of columns (1)

to (3). To further investigate whether the robustness of these findings, we use an alternative

methodology. Following Beneish, Lee, and Nichols (2015), Porras Prado, Saffi, and Sturgess

(2016), and Palia and Sokolinski (2024), we employ a dummy variable, specialness, to identify

stocks that are expensive to borrow. A stock is defined as “special” if its monthly average

DCBS score exceeds 4, assigned a value of 1; otherwise, the specialness of a stock is assigned

a value of 0. We conduct Probit regressions of SSP on this dummy variable. The results,

as shown in columns (4) to (6), demonstrate that the coefficients of SSP remain positively
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significant, consistent with Hypothesis 2.1.

[Insert Table 5 here]

In summary, we use various methodologies and several short-selling cost measures to

examine the relationship between SSP and short-selling fees. We consistently find a positive

relationship between SSP and short-selling fees with various control variables. Overall, our

empirical findings provide strong evidence supporting Hypothesis 2.1 and confirm that SSP

is a novel determinant of short-selling costs.

4.3.2. The Role of Stock Lenders’ Market Power

This section examines whether stock lenders’ market power impacts the relationship

between SSP and short-selling fees. The effect of SSP on short-selling fees results from stock

lenders extracting a portion of short sellers’ profits by exploiting their market power. It is

thus reasonable to expect an asymmetrical relationship between SSP and short-selling fees,

as illustrated in Hypothesis 2.2. Specifically, this relationship should be stronger for stocks

where a small number of stock lenders dominate the supply of lendable shares, as indicated

by higher lender concentration. To test this hypothesis, we divide the sample into two groups

based on lender concentration, a proxy for market power. Lender concentration measures

the degree to which a small number of stock lenders control the provision of lendable shares,

with higher values representing greater market power.16 We anticipate that the relationship

between SSP and short-selling fees is stronger for stocks with higher lender concentration

than those with lower lender concentration.

To empirically test this prediction, we rerun the baseline panel regressions from Section

4.3.1 separately for each subsample: stocks with high market power, defined as those with

lender concentration above the cross-sectional median, and stocks with low market power,

16The Markit database defines this variable as “a value between 0 and 1 to measure the distribution of
lender value on loan. A very small number indicates a large number of lenders with low value on loan and
1 indicates a single lender with all the value on loan. 0 means no value on loan."
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characterized by lender concentration below the median. The results are shown in Panel A of

Table 6. Columns (1) to (4) show that SSP is strongly and positively related to short-selling

fees for stocks with high lender concentration. For instance, in column (4), the coefficient

of SSP is 0.1393 and is statistically significant (t− stat=2.56) when all control variables are

included. In contrast, columns (5) to (8) show that while the coefficients of SSP remain

positive for stocks with low lender concentration, they are not statistically significant.

To further examine the robustness of these findings, we replace the dependent variable

with the natural logarithm of the monthly DCBS and use the same methodology. We have

consistent results in Panel B of Table 6, showing that the positive relation between SSP and

short-selling fees is still prevalent among stocks with high lender concentration, but remains

insignificant for stocks with low lender concentration. Overall, these results are consistent

with our expectation that SSP prominently determines short-selling fees when stock lenders

have market power, providing empirical support for Hypothesis 2.2.

[Insert Table 6 here]

4.4. The Role of Short-selling Profitability in Anomaly Performance

In this section, we extend the analysis of Muravyev, Pearson, and Pollet (2024) to test

whether stock lenders’ market power influences the relationship between SSP and the per-

formance of a comprehensive set of stock market anomalies, as described in Hypothesis 3.1.

If stock lenders have significant market power, they are expected to extract most, if not

all, of the profits generated by short sellers, thereby making stock anomalies statistically in-

significant after accounting for short-selling fees. On the contrary, if stock anomalies remain

significantly exploitable even after accounting for short-selling fees, they leave a portion of

the profits to short sellers. Hypothesis 3.1 formalizes this conjecture.

We test this hypothesis following Muravyev, Pearson, and Pollet (2024). We obtain

anomaly data from the Open Source Asset Pricing website, provided by Chen and Zim-
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mermann (2021). To account for short-selling expenses, we use the FIS short-selling fees.

Following Muravyev, Pearson, and Pollet (2024), we exclude anomalies with insufficient

monthly observations after sorting stocks into decile portfolios, as such anomalies often rely

on discrete values. This leaves us with 151 anomalies for analysis. We adjust stock returns by

adding short-selling fees, sort stocks into decile portfolios based on anomaly variables from

the previous month, and calculate equal-weighted portfolio returns for each decile. Con-

sistent with the methodology in Table 4, we add a markup to the FIS short-selling fee for

short-leg stocks. Particularly, stocks in the first two deciles, accounting for approximately

20% stocks, are classified as short-leg stocks, while the remaining stocks are categorized as

long-leg stocks. Short-leg stocks are added a 100% markup on the short-selling fee to capture

the commission paid to intermediaries, whereas long-leg stocks are added a 70% markup to

represent the full fee received by lenders. This methodology follows the approach used in

Muravyev, Pearson, and Pollet (2024). The results are reported in Table 7.

Panel A of Table 7 reports the equal-weighted portfolio returns before adjusting for short-

selling fees. In the full sample, monthly portfolio returns exhibit a monotonic increase from

1.0611% for short-leg stocks to 1.3111% for long-leg stocks. The aggregate return spread

between short-leg and long-leg portfolios is 0.2499% per month, statistically significant at

the 1% level (t− stat=7.06). For stocks with available short-selling fee data, monthly returns

range from 1.3318% for short-leg stocks to 1.4840% for long-leg stocks, with the difference

remaining strongly significant (t− stat=3.30). These findings suggest that before accounting

for fees, the 151 anomalies generate significant returns, allowing arbitrageurs to profitably

exploit these stock market anomalies. Panel A of Table 7 also reports the average short-

selling fees across portfolios. Short-leg stocks have an average monthly short-selling fee of

0.1789%, slightly higher than 0.1652% for long-leg stocks. After adjusting portfolio returns

for short-selling costs, the returns increase from 1.5155% per month for short-leg stocks

to 1.5948% per month for long-leg stocks. However, the aggregate return spread declines

to 0.0793%, which is insignificant. This finding aligns closely with the results in Table
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3 of Muravyev, Pearson, and Pollet (2024) that stock market anomalies become nearly

untradable after accounting for short-selling costs, suggesting that stock lenders capture a

substantial portion of the profits from short sellers. This result is also consistent with the

existence of the stock lenders’ market power (Chen, Kaniel, and Opp, 2023). We show that

the after-fee return retained by short sellers is 0.0793%, compared to the pre-fee return of

0.1104%. This implies that stock lenders extract approximately 44.31% of the arbitrage profit

by exploiting their market power, leaving short sellers with the remaining 55.68%.17 This

finding is not surprising considering that SSP captures short sellers’ information advantage

at the individual stock level.

Section 2 documents that SSP at the individual stock level serves proxies for short sellers’

information advantage, leading to more pronounced anomalies in high-SSP stocks compared

to low-SSP stocks, as stated in Hypothesis 3.2. To test this hypothesis, we replicate the

regression from Panel A of Table 7 separately for high-SSP and low-SSP stocks. Panels

B and C of Table 7 report the equal-weighted portfolio returns before and after adjusting

for short-selling fees in the respective subsamples. Panel B demonstrates that for high-SSP

stocks, both the before-fee and the after-fee return spreads of anomalies are statistically

significant. The before-fee portfolio returns increase from 1.4061% per month in the low-

est decile to 1.5848% in the highest decile, generating a return spread of 10.7878%, which

is significant at the 1% level (t − stat=3.77). The after-fee portfolio returns increase from

1.5969% to 1.7071%, with a return spread of 0.1079% that remains significant at the 5% level

(t− stat=2.21). In contrast, Panel C shows that for low-SSP stocks, while the before-fee

spread of portfolio returns is 0.1086% per month and statistically significant (t−stat=2.18),

the after-fee return spread is reduced to 0.0531% and becomes statistically insignificant at

the 5% level (t− stat=0.96). A comparison of the results in Panels B and C strengthens Hy-

pothesis 3.2, demonstrating that short-selling costs alone do not fully explain the aggregate

performance of stock market anomalies.

17Chen, Kaniel, and Opp (2023) estimate that short-selling costs reduce about 60% of short sellers’ profits.
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[Insert Table 7 here]

To evaluate the robustness of our results, we repeat all analyses using only the subset of

clear anomalies, as identified by Chen and Zimmermann (2021). Using the same method-

ology, we filter a sample of 119 clear anomalies and report the results in Table 8. Panel A

indicates that for stocks with available short-selling fee data, the after-fee return spread is

0.1521% per month, which is statistically significant at the 1% level (t−stat=3.13). However,

after accounting for short-selling fees, the return spread becomes statistically insignificant

(t − stat=1.65). Notably, Panel B demonstrates a statistically significant return spread of

0.1324% per month remains among high-SSP stocks after adjusting for short-selling fees

(t − stat=2.35). In contrast, Panel C shows that for low-SSP stocks, the after-fee return

spread is 0.0466% per month and statistically insignificant (t − stat=0.74). These findings

confirm the robustness of the results reported in Table 7.

[Insert Table 8 here]

We also consider a scenario where short sellers hedge short-sale constraints by simulta-

neously taking a long put, a short call, and a long risk-free bond position. The approach

allows arbitrageurs to use options to mitigate short-sale constraints in the stock lending

market. We adjust anomaly returns using the option-implied short-selling fee, calculated as

the percentage difference between the synthetic short position cost and the spot stock price.

The results presented in Table 9 are consistent with those in Tables 7 and 8, confirming that

the after-fee return spread is statistically significant only for high-SSP stocks.

[Insert Table 9 here]

In summary, the results in Tables 7-9 provide compelling evidence that stock lenders

share partial profits with short sellers in high-SSP stocks when arbitraging anomalies, sup-

porting the idea that SSP captures short sellers’ information advantage. The findings confirm

Hypothesis 3.2 and suggest that short-selling costs alone do not fully explain stock market
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anomalies. The residual profitability left to short sellers highlights their information advan-

tage, sustaining profitability despite high short-selling fees.

5. Additional Analysis

5.1. Time-series Persistence of SSP Estimates – Bayesian Shrinkage Factor

This section provides a further analysis of the persistence of SSP over time. To stabilize

and examine the time-series variance of SSP estimates, we employ the Bayesian shrinkage

factor (Frazzini and Pedersen, 2014; Liu, Stambaugh, and Yuan, 2018). SSP is estimated

through time-series regressions using monthly data, and these estimates are adjusted as

follows:

SSPi,t = ωi,t
ˆ(SSP TS
i,t ) + (1− ωi,t)

ˆ(SSPXT
t ), (3)

ωi,t =
σ2
t,XT

σ2
i,TS + σ2

t,XT

, (4)

where ˆSSP TS
i,t represents the empirical estimate of SSP using regression (1) and ˆSSPXT

t

denotes the monthly average of SSP estimates. σ2
i,TS is the time-series variance of stock i ’s

SSP estimates across all months, and σ2
t,XT is the cross-sectional variance of SSP estimates

in month t across all stocks.

The Bayesian-adjusted estimate of SSP assigns greater weight to the time-series esti-

mates when they have smaller variance and less weight when their variance is higher. If

an SSP estimate fluctuates significantly over time, the Bayesian-adjusted SSP converges to

the cross-sectional average SSP estimate for the same month. Figure 2 plots a histogram of

the Bayesian adjustment weight (ωi,t) for the full sample, demonstrating that the Bayesian

adjustment weights for most stocks are close to one. This indicates that a relatively small

time-series variance in SSP estimates.

Table 10 presents summary statistics. The median value of the Bayesian shrinkage factor
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is approximately 96%, suggesting that adjustments to SSP estimates are negligible for most

stocks. Additionally, the average monthly correlation between SSP estimates and their

Bayesian-adjusted counterparts is approximately 93%.

[Insert Figure 2 here]

[Insert Table 10 here]

5.2. SSP and Other Stock Lending Market Variables

This section examines the relationships between SSP and various stock lending market

variables beyond short-selling fees. We focus on three critical dimensions: the average tenure

of stock loans (Kolasinski, Reed, and Ringgenberg, 2013), the lendable rate (D’avolio, 2002;

Saffi and Sigurdsson, 2011), and lender concentration (Chen, Kaniel, and Opp, 2023). These

variables provide a comprehensive view of how SSP interacts with different aspects of the

stock lending market, providing insights into the behavior of short sellers and stock lenders.

First, short sellers, who realize different profitability across stocks, may borrow shares in

different durations depending on SSP. We hypothesize a negative relationship between SSP

and the average tenure of stock loans, as short sellers are likely to borrow shares for shorter

periods from stocks that are more sensitive to short-selling, and vice versa. Our analysis

uses stock-level Fama and MacBeth (1973) regressions to test this hypothesis, with results

reported in Table 11. Column (1) demonstrates a significantly negative relationship between

SSP and the average tenure of stock loans. The regression coefficient for the full sample is

-0.1136, statistically significant at the 1% level (t− stat = -4.22). This finding confirms that

short sellers prefer shorter borrowing durations when dealing with high-SSP stocks, aligning

with our hypothesis.

Second, we analyze the lendable rate, defined as the ratio of lendable shares to total shares

outstanding, which reflects the willingness of stock lenders to supply shares for short-selling.

We hypothesize that stock lenders may be less inclined to supply loans of high SSP stocks.
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As discussed in Section 4.3.2, stock lenders have a market power but do not extract all profits

from short-selling. Thus, stock lenders may restrict the supply of loans for high-SSP stocks,

as the short-selling fee that they charge cannot fully compensate for negative stock return

in their loan. Column (2) of Table 11 shows a negative relationship between SSP and the

lendable rate, supporting our conjecture. The results indicate that high-SSP stocks have a

lower lendable rate, implying that stock lenders are more selective in supplying these stocks

for short-selling.

[Insert Table 11 here]

Finally, we examine lender concentration, which measures the degree that a few lenders

dominates stock loans. High lender concentration may limit short sellers’ access to stock

loans, potentially making short-selling more efficient due to reduced competition among

lenders. We hypothesize a positive relationship between SSP and lender concentration,

as the limited availability of stock loans could lead to increased short-selling profitability.

Column (3) of Table 11 displays a significantly positive relationship between SSP and lender

concentration. This finding implies that stocks with higher lender concentration tend to be

more profitable for short sellers. The increased profitability in these stocks may be due to

the reduced competition among lenders, allowing short sellers to obtain more profits.

6. Conclusion

This paper examines a stock lending market in which stock lenders have market power.

In this market, lenders supply stock loans to short sellers and exploit their market power

to extract a fraction of the profits generated from short-selling activities. The intuition of

this study is consistent with the findings of existing literature, including Chen, Da, and

Huang (2022), Chen, Kaniel, and Opp (2023), and Atmaz, Basak, and Ruan (2024). The

total profitability of short-selling is determined by the negative sensitivity of stock returns

to abnormal short interest, and the profit is shared between short sellers and stock lenders.
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Stock lenders leverage their market power to extract partial short-selling profit. Therefore,

stock lenders leverage their market power by imposing higher short-selling fees on stocks

with high sensitivity to short-sale activities while requiring lower fees from stocks with lower

sensitivity.

We empirically estimate stock-level short-selling profitability (SSP) and examine its asset

pricing implications. Our results show a significant relationship between SSP and multiple

proxies for short-selling fees. We demonstrate that SSP is persistent in out-of-sample, as

abnormal short interest predicts stock returns stronger for high-SSP than for low-SSP stocks.

Consistent with Muravyev, Pearson, and Pollet (2024), a comprehensive set of anomalies is

not profitably exploitable after accounting for short-selling fees. However, our result show

that stock market anomalies remain statically significant after accounting for short-selling

fees in high-SSP stocks, but become insignificant in low-SSP stocks. These findings indicate

that short-selling costs alone do not fully explain stock market anomalies, highlighting the

role of market structure and lender behavior in shaping short-selling dynamics.
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Figure 1. Monthly Average Short-selling Profitability (SSP) of Stocks

This figure plots the time-series of the simple average SSP across all months from 1980 to
2021. The shaded areas denote the NBER recession periods.

(a)
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Figure 2. The Distribution of SSP’s Bayesian Shrinkage Factor Adjustment Weights

This figure plots a histogram of the Bayesian shrinkage factor adjustment weights for the full
sample, as defined in Section 5.1.
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Table 2. Correlation Matrix of Short-selling Cost Measures

This table presents the correlations among proxies for short-selling costs: the FIS short-selling
fee, the natural logarithm of the monthly average DCBS, the option-implied short-selling fee, and
specialness. Detailed definitions of these variables are provided in Appendix Table ??. The
corresponding p-values are reported in parentheses below the correlation coefficients. Statistical
significance is denoted by ***, **, and * at the 1%, 5%, and 10% levels, respectively.

FIS Fee Log DCBS Optionimplied Fee Specialness
FIS Fee 1.0000

(0.00)
Log DCBS 0.5234*** 1.0000

(0.00) (0.00)
Option-implied Fee 0.3374*** 0.2678*** 1.0000

(0.00) (0.00) (0.00)
Specialness 0.6929*** 0.5557*** 0.2717*** 1.0000

(0.00) (0.00) (0.00) (0.00)
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Table 4. The Role of SSP in the Predictability of Short Interest to Stock Returns

This table examines the time-series persistence of SSP estimates using out-of-sample portfolio analysis.
Panel A reports equal-weighted portfolio returns when stocks are ranked by abnormal short interest.
The reported returns are net of short-selling fees. The row labeled Low-High reports the return
spread between the Lowest and Highest abnormal short interest portfolios. Subsequent rows present
risk-adjusted returns (alphas) estimated under various factor models, including the CAPM, FF3, FF5,
and FF5+UMD (FF6). Panel B reports equal-weighted portfolio returns net of short-selling fee using
independent double sort. Panel C uses the same methodology as Panel A but reports portfolio results
before accounting for short-selling fees. Panel D exhibits average short-selling fees at the portfolio
level. Panel E shows returns in the dependent double sort portfolios adjusted for firm characteristics
using the DGTW (Daniel, Grinblatt, Titman, and Wermers, 1997) methodology, where short-selling
fees are also used to adjusted returns. Statistical significance at the 1%, 5%, and 10% levels is denoted
by ***, **, and *, respectively.
Panel A: Bivariate Portfolio Analysis – After Short-selling Fee using Dependent Double
Sort

Full Sample High-SSP Low-SSP
(1) (2) (3) (4) (5) (6)

Quintiles abnSI Ret abnSI Ret abnSI Ret
1 (Low) -0.0401 1.5536 -0.0375 1.6405 -0.0422 1.4984

2 -0.0079 1.4024 -0.0075 1.6365 -0.0085 1.2293
3 -0.0008 1.5775 -0.0004 1.5281 -0.0012 1.5737
4 0.0068 1.4542 0.0075 1.5329 0.0062 1.2671

5 (High) 0.0406 1.2901 0.0410 1.2395 0.0399 1.3769
Low-High 0.2636** 0.4010*** 0.1215

(1.98) (3.37) (0.63)
CAPM Alpha 0.2768** 0.4216*** 0.1049

(2.02) (4.80) (0.54)
FF3 Alpha 0.2498** 0.4162*** 0.0683

(1.99) (4.41) (0.35)
FF5 Alpha 0.2827** 0.4990*** 0.0758

(2.08) (5.43) (0.40)
FF6 Alpha 0.2689** 0.4696*** 0.0753

(2.01) (3.81) (0.38)
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Panel B: Bivariate Portfolio Analysis – After Short-selling Fee using Independent
Double Sort

Full Sample High-SSP Low-SPP
(1) (2) (3) (4) (5) (6)

Quintiles abnSI Ret abnSI Ret abnSI Ret
1 (Low) -0.0401 1.5536 -0.0383 1.6194 -0.0414 1.4728

2 -0.0079 1.4024 -0.0079 1.5748 -0.0080 1.2463
3 -0.0008 1.5775 -0.0008 1.6009 -0.0008 1.5650
4 0.0068 1.4542 0.0068 1.5355 0.0068 1.3662

5 (High) 0.0406 1.2901 0.0399 1.2639 0.0412 1.3550
Low-High 0.2636** 0.3555** 0.1178

(1.98) (2.21) (0.65)
CAPM Alpha 0.2768** 0.3718*** 0.1130

(2.02) (2.99) (0.72)
FF3 Alpha 0.2498* 0.3593*** 0.0750

(1.94) (2.75) (0.39)
FF5 Alpha 0.2827** 0.4266*** 0.0901

(2.08) (4.00) (0.51)
FF6 Alpha 0.2689** 0.3972*** 0.0895

(2.04) (2.85) (0.47)

Panel C: Bivariate Portfolio Analysis – Before Short-selling Fee using Dependent
Double Sort

Full Sample High-SSP Low-SSP
(1) (2) (3) (4) (5) (6)

Quintiles abnSI Ret abnSI Ret abnSI Ret
1 (Low) -0.0401 1.4605 -0.0375 1.5409 -0.0422 1.4119

2 -0.0079 1.3347 -0.0075 1.5624 -0.0085 1.1685
3 -0.0008 1.5068 -0.0004 1.4542 -0.0012 1.5070
4 0.0068 1.3847 0.0075 1.4568 0.0062 1.2035

5 (High) 0.0406 1.1184 0.0410 1.0586 0.0399 1.2161
Low-High 0.3420*** 0.4824*** 0.1958

(2.22) (3.88) (1.04)
CAPM Alpha 0.3550** 0.5038*** 0.1780

(2.40) (6.15) (1.04)
FF3 Alpha 0.3283** 0.4987*** 0.1418

(2.07) (5.70) (0.70)
FF5 Alpha 0.3137** 0.4659*** 0.1427

(2.06) (4.05) (0.66)
FF6 Alpha 0.3473** 0.5531*** 0.1478

(2.09) (4.77) (0.75)
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Panel D: Bivariate Portfolio Analysis – Average Short-selling Fee

Full Sample High-SSP Low_SSP
(1) (2) (3) (4)

Quintiles Fee Fee Fee H-L
1 (Low) 0.1331 0.1446 0.1223 0.0223***

(6.19)
2 0.0968 0.1062 0.0874 0.0189***

(7.45)
3 0.1010 0.1091 0.0929 0.0163***

(6.87)
4 0.0993 0.1078 0.0905 0.0172***

(6.04)
5 (High) 0.1716 0.1794 0.1645 0.0149***

(3.56)
Low-High 0.0385*** 0.0348*** 0.0422***

(4.91) (4.95) (4.53)

Panel E: DGTW Characteristics-adjusted Return

Full Sample High SSP Low SSP
(1) (2) (3)

Quintiles Ret Ret Ret
1 (Low) 0.5496 0.6919 0.3938

2 0.5420 0.7292 0.3318
3 0.6942 0.8074 0.5652
4 0.5047 0.5822 0.4140

5 (High) 0.2507 0.3094 0.1790
Low-High 0.2989** 0.3825** 0.2148

(2.44) (2.39) (1.19)
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Table 10. Time-series Persistence of SSP Estimates: Bayesian Shrinkage Weights

This table describes summary statistics for the Bayesian shrinkage factor Weight. The reported
statistics include statistical breakpoints, median values, mean values, standard deviations, skewness,
kurtosis, and the number of observations. Stock-level SSP is estimated using the methodology detailed
in Section 3.

Bayesian Shrinkage Factor Weight
Min. 0.0138
1% 0.0645
5% 0.1910

Median 0.9603
95% 0.9989
99% 0.9998
Max. 0.9999
Mean 0.8251

Std. Dev. 0.2607
Skewness -1.6320
Kurtosis 4.3100

Obs. 681,583
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Table 11. SSP and Other Stock Lending Market Variables

This table examines the relationship between short-selling profitability (SSP) and stock-level variables
in the stock lending market, excluding short-selling fees. The key variables of interest include the
average tenure of stock loans, the lendable rate, and lender concentration. The rows labeled Obs. and
Adj. R-sq. report the numbers of observations and adjusted R-squared values. Statistical significant
levels at 1%, 5%, and 10% levels are denoted by ***, **, and *, respectively.

(1) (2) (3)
Average Tenure Lendable Rate Lender Concentration

SSP -0.1136*** -0.0262*** 0.0168***
(-4.22) (-6.76) (2.98)

Beta -0.0093 -0.0011* -0.0096***
(-1.46) (-1.87) (-11.81)

Size -0.0643*** 0.0139*** -0.0340***
(-7.92) (17.44) (-43.41)

B/M -0.0226*** 0.0052*** 0.0037***
(-10.58) (9.88) (7.25)

Mom -0.0015*** -0.0000*** 0.0002***
(-14.77) (-3.06) (9.77)

Disp -0.0073** -0.0066*** 0.0010**
(-2.05) (-10.36) (1.99)

Age 0.0080 0.0167*** 0.0059***
(1.61) (13.06) (9.32)

Illiq -0.2181*** -0.0628*** 0.0856***
(-6.49) (-7.14) (6.53)

Obs. 193,897 193,930 193,930
Adj. R2 0.0652 0.1570 0.2028
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Table A1. Definitions of Variables

Variable Definition
SSP Short-selling profitability is defined as the coefficient for the lagged abnor-

mal short interest ratio in Equation (2).
SIR The short interest ratio, expressed as a percentage, is calculated as the

number of shares held short divided by the total shares outstanding. The
data is obtained from Compustat.

FIS fee Short-selling fee at the individual security level is obtained from the FIS
Securities Finance Market Data. It is calculated as the difference between
the federal funds rate and the rebate rate paid on collateralized loans. We
exclude a subset of cash-collateralized loans with fixed rates and durations,
as these loans are less sensitive to market conditions. Instead, we focus
on overnight cash-collateralized loans. Robustness checks confirm that
our results remain consistent when including all cash-collateralized loans.
Following Muravyev, Pearson, and Pollet (2024), we assume that short-
sellers bear 100% of the short-selling fee when borrowing short-leg stocks,
while long-leg investors receive 70% of the fee, reflecting the proportion of
utilized stock loans.

DCBS The Daily Cost of Borrowing Score (DCBS) is obtained from IHS Markit
and ranges from 1 to 10, with higher values indicating greater borrowing
costs. We calculate monthly short-selling fees as the mean of daily DCBS
scores, requiring a minimum of four daily observations per month.

Option-implied
fee

The option-implied short-selling fee is calculated as the difference between
the synthetic stock price implied by options and the spot stock price, based
on put-call parity.

Specialness A stock is classified as ’special’ if its monthly average DCBS score exceeds
4, in which case it is assigned a value of 1; otherwise, it is assigned a value
of 0.

Market power This measure is defined as the combined market share of the two largest
stock lenders in the stock lending market.

ME Firm size is defined as the market capitalization, calculated as the product
of the stock price and the number of outstanding shares at the end of each
month.

B/M The book-to-market ratio is calculated as the book value of shareholders’
equity at the end of the most recent June divided by the firm’s current
market capitalization.

Mom Momentum is the cumulative return from month t-12 to t-2.
Disp Investors’ disagreement is measured as the standard deviation of financial

analysts’ forecast for one-year-ahead earnings per share.
IO Institutional ownership is estimated as the number of shares held by in-

stitutional investors scaled by the total number of outstanding shares.
Illiq Liquidity is measured using the Amihud illiquidity metric. (Amihud,

2002).
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Variable Definition
Idiovol The realized idiosyncratic volatility is calculated following Ang, Hodrick,

Xing, and Zhang (2006).
Max Lottery demand is measured following Bali, Brown, Murray, and Tang

(2017).
Coskewness Coskewness risk is calculated following Ang, Chen, and Xing (2006).
Age Firm age is measured following Barry and Brown (1984).
Beta The market beta of an individual stock.
Utilization The stock loan utilization rate is obtained from the IHS Markit dataset.
Tenure The average tenure of stock loans is obtained from the IHS Markit dataset.
Lendable rate The ratio of lendable shares to total shares outstanding is obtained from

the IHS Markit dataset.
Lender concen-
tration

The total market share of the two largest stock lenders for each stock is
derived from the IHS Markit dataset.
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