1 Introduction

There is strong evidence that short selling is an important contributor to market quality.
Short selling is associated with improved liquidity, less mispricing, and better corporate
governance. Similarly, a large literature shows that option contracts are important for
market quality. The existence of single stock options is associated with better liquidity,
less mispricing, and improved firm performance. Yet, despite the importance of both
short selling and option trading, it remains unclear precisely how the two are related.
Theoretically, a no-arbitrage relation should link the cost of short selling with the cost
of synthetically constructing a short position via option contracts. But recent studies
provide contradictory evidence on the relation between short-selling costs and option
prices. As a result, several important questions remain unanswered. Do short-selling
costs perfectly pass through to option prices? If not, can option contracts be used to
avoid the costs and the risks associated with short sales? And finally, what economic

forces impact the no-arbitrage relation?

In this paper, we provide the first comprehensive evidence on the real-world no-arbitrage
relation between short-selling costs and option prices. We start by comparing actual
securities lending fees with option-implied securities lending fees. To calculate option
implied fees, we use the standard put-call parity equation and solve for the interest rate

Tt that enforces the law of one price between observed call and put prices:!

P‘/;(Dt,n) == St + Rgm — Ctn — Ke Tt (1)

)

where S is the stock price, P represents the observed put price, C' represents the observed

'In Section 2, we formally derive the no-arbitrage relation between securities lending fees and option
prices.



call price, K is the strike price, and PV (D) is the present value of future dividends. The
intuition is simple: to synthetically create a short sale using option contracts, a trader
can sell one call and buy one put contract with the same strike and expiration. If the
no-arbitrage condition holds between option prices and securities lending fees, then the
option-implied fee should equal the actual lending fee. Yet we find they regularly differ.
Specifically, we show that option implied fees differ from actual observed fees in a non-
random way — moreover, the error between option implied fees and actual lending fees is

not noise; we find it is related to characteristics of both the option and stock.

Figure 1 displays an example for two stocks: Peloton (Panel A) and Beyond Meat (Panel
B). In Panel A, the option implied fee for Peloton (green line) closely tracks the actual
securities lending fee (red line) throughout much of the sample, but around the middle
of the sample, when actual loan fees increase, the option implied fee spikes dramatically
higher than the actual fee. In other words, the difference between option implied fees
and actual fees seems to be a function of the level of loan fees itself. When actual fees

are large, option implied fees track them less closely.

Consistent with this, in Panel B, the option implied fee for Beyond Meat is substantially
higher than the actual lending fee for the first part of the sample, when actual loan fees
are high.? But in the latter part of the sample, when actual fees fall, the option implied
fee falls to almost the exact same value. Overall, these examples show that option implied
fees can match actual fees almost exactly or they can deviate from them dramatically.
Accordingly, we next investigate the determinants of errors between option-implied fees

and actual loan fees.

To do this, we turn to a regression approach. We first compute the difference between

2Loan fees for Beyond Meat spiked in 2019 as short interest exceeded 50% of Beyond Meat’s float
Bary (2019).



actual fees and option implied fees for each firm and date (i.e., the error). We then regress
the absolute value of this error on characteristics of the option contract, including the
option maturity, the moneyness, and the liquidity as measured by the bid-ask spread. The
results provide strong evidence that differences between option implied fees and actual
fees are not merely noise; they are a function of option characteristics. In particular, we
find that the error is negatively related to the maturity of the option. The results suggest
early exercise premiums are a potentially important source of bias in the calculation. We

also find that the error is increasing in moneyness and in the illiquidity of the options.

We then perform a similar analysis, but instead of examining the relation between the
absolute value of the error and option characteristics, we examine the relation between
the absolute value of the error and stock characteristics. We again find that the error
is a function of several underlying characteristics. Specifically, the error is increasing
in the lag of the fee level, indicating that fee errors tend to be higher exactly at the
times investors may want to use options to synthetically short a stock, or to infer option-
implied short sale fees. Controlling for the level of the lagged fee as a predictor of errors,
we find that fee volatility has a negative effect on absolute fee errors. Moreover, when
we examine stocks with borrow fees above 2.5% we find similar results. We also consider
the effects of return volatility on the absolute value of the error, and find that return
volatility positively (negatively) predicts fee errors in the full sample (in the subsample
with fees above 2.5%). These results suggest that for firms with high fees, high stock
return volatility may cause option implied fees across different put-call pairs to be closer

together.

The preceding analyses suggest that option-implied loan fees differ from actual loan fees in
a non-random way. As a result, they suggest option contracts may not be fully redundant

securities: they might differ from no-arbitrage conditions in predictable ways. To further



examine this, we sign the bias. Specifically, we examine the relation between the raw
error, calculated as the difference between the borrow fee and the option implied fee, and
option characteristics. This analysis allows us to investigate whether option implied fees
calculated with certain put-call pairs are systematically above or below borrow fees in
the market. Overall, in the sample of firms with high fees (above 2.5%), we find that put-
call pairs with longer maturity result in a downward bias of option implied fees; moving
up one tercile in maturity group results in an increase of the bias of 136bp. We also
find a downward bias in option implied fees calculated using option put-call pairs with
lower liquidity, which is consistent with theoretical results in Figlewski (2022) that early

exercise premiums are higher in the presence of transaction costs.

In light of these findings, we then take the perspective of an investor who wants to take
a synthetic short position using option contracts. Rather than using midpoint prices
of options to calculate implied fees, as we did above, we assume the investor must pay
transaction costs to trade. In other words, we assume they purchase the put option
at the ask price and sell the call option at the bid price to create a synthetic short
position. We then calculate option-implied borrowing fees using these transaction prices.
When we re-run our earlier analysis, taking transaction costs into account, we find the
relation of maturity with fees is much stronger. However, we find the relation between
option put-call pair illiquidity and the difference between market fees and synthetic fees
is negative, suggesting that more option illiquidity results in option implied fees rising
above market fees. To investigate this further, we calculate the average difference between
median synthetic short fees (using transaction prices) and market fees in different groups
of option moneyness and maturity — the results suggest that option implied fees are often
above market fees, and that this difference is highest for low maturity options. These
results suggest that synthetic short positions created using options may embed some

risk premium, especially if the options used have a shorter maturity (consistent with



Engelberg, Reed, and Ringgenberg (2018)).

Finally, we examine the economic determinants of option-implied short-selling fees from
the perspective of option market makers. Theory suggests that market makers will pass
along any costs or risk premiums they face to investors (Atmaz and Basak (2019)). To
test this prediction, we examine variations in regulatory requirements that impact the
ability of option market makers to avoid short sales costs (Blocher and Ringgenberg,
2018). We show that regulation affecting the ability of options market makers to avoid
short-selling costs results in higher option-implied fees. Likewise, consistent with theory,
we find that the ability of market makers to offset their synthetic long positions acquired

from other traders affects the pass-through of borrow fees to option implied fees.

Overall, we show that the relation between option implied fees and securities lending fees
depends on a number of factors predicted by theory: transaction costs, early exercise
premiums, and regulatory frictions all impact the no-arbitrage relation. Specifically, at
the level of the put-call pair within a firm and date, option implied fees vary by contract
maturity, moneyness, and liquidity. At the firm level, option implied fees depend on the
characteristics of the stock, such as the lagged fee and the volatility of the fee. Moreover,
we show that market maker hedging costs are crucial drivers of option-implied fees — the
costs of hedging change depending on regulatory frictions and the ability to offset trades,
and this impacts the pass-through of market borrowing fees to option-implied fees. In
sum, the results show that options are often not redundant securities. Because of real-
world frictions, the cost of shorting a stock and the cost of synthetically shorting a stock

are often quite different.

The rest of the paper proceeds as follows. In Section 2, we describe the theoretical

relation between short-selling costs and option prices, and we derive the no-arbitrage



relation. We then explain several theories that discuss how various frictions could cause
prices to deviate from the frictionless no-arbitrage relation. In Section 3, we describe the
data sources and our sample construction. In Section 4, we present our main findings. In

Section 5, we conclude.

2 Theoretical No-Arbitrage Relation

In the absence of transaction costs and other frictions, if American options lack an early
exercise premium, there should be no difference between the option implied fees derived
from different pairs of options. Let Cy, and P, represent the call and put prices with
common strike price K and time to maturity 7" on an underlying stock with price S;.
In particular, we can solve for the implied fee using the put-call parity equation and the
prices for a call and put option with the same strike price and time to maturity:

P%(Dt,n) = St + Pt,n — Ctn — Ke_”’”.

)

However, the parity formula no longer holds for American options in the presence of
an early exercise premium (EEP). If we knew the EEP, we could remove it from the

American option price to give the European option price and restore parity:
P‘/%(Dt,n) = St + (Pt,n - EEP[)m‘,,t.n) - (Ct,n - EEP(:(I,H,)‘,,W,) - Ke—Tt,n.

Thus, we can see that any bias in put-call-parity implied fees will depend on the EEP
for the call and put options. While the put-call parity equation for European options
is model-free, it is not possible to solve for the implied fee with American options in

a model-free way. To see this, consider an American call option on a dividend-paying



stock that will make a fixed and known payment D that can be received if the option is

exercised early. A standard argument shows that early exercise is optimal if

D> K[l —e ],

i.e., if the dividend payment is greater than the foregone interest income from paying the

strike price K and exercising early.

In the absence of dividends, we still need to consider early exercise. For example, the
question of when to exercise an American option is substantially more complex in the
case of a stock that pays a lending fee because both the lending fee and the stock price are
uncertain and correlated. In that case, one can consider the following strategy: exercise
the call at the strike price K, buy a put option at strike K to hedge the stock price risk,
and finance the strategy by borrowing (strike price + put price). In this case, write B
as the present value of the fees earned from lending the stock, and we can say that early
exercise is optimal if

B>K[1—e ]+ P

Thus, it is clear we need a model of B to make any decision; in other words, early exercise

premia can not be determined in a model-free way.?

2.1 Motivation

There is some evidence in the existing empirical literature that option-implied fees vary

across put-call pairs. Several papers in the literature use the median fee across all put-call

3While several existing papers examine option-implied lending fees, they do not address this key issue.
We are the first to show that the relation between synthetic equity lending fees and actual equity lending
fees requires strong assumptions on the early exercise premium.



pairs (Muravyev, Pearson, and Pollet, 2022; Engelberg et al., 2018). However, studies that
examine the term structure of option implied lending fees find that fees often change as a
function of maturity (Cocquemas, 2017; Weitzner, 2023). Despite this empirical evidence

on fee variation, we know very little about the determinants of this fee variation.

Our analysis of the no-arbitrage relation reveals that any variables that affect the early
exercise premium could plausibly impact the option implied short-selling fee computed
from option prices. Generally, the fact that violations of this theoretical no-arbitrage
relation have important implications for option-implied fees has not been recognized in
this literature.* Our empirical tests are motivated by a broad literature that suggests

factors that could impact option implied fees.

Jensen and Pedersen (2016) show that the early exercise of American call options can be
motivated by borrowing fees and transaction costs. They show that early exercise premia
increase as maturity decreases and fees increase. Intuitively, as the lending fee increases,
the benefit of exercising a call option early to take advantage of the ability to lend out
shares increases. They also show that when transaction costs are high, option exercise
becomes more attractive than trading the option. Figlewski (2022) also suggests that
transaction costs are of first-order importance for early exercise premia. Thus, we expect
transaction costs to drive biases in implied borrowing fees calculated from European
parity equations. Avellaneda and Lipkin (2009) provide a dynamic model of hard-to-
borrow stocks, suggesting that implied fees should depend on both maturity and the

statistical relation between borrow fees and the stock price process.

40Ofek, Richardson, and Whitelaw (2004) establish that put-—call parity violations are widespread,
asymmetric, and tied to short-sale constraints; however, their main focus is on stock mispricing. We
treat put-call-parity as a borrow-fee estimator, benchmarking it to actual lending fees, and showing that
option-market and market-maker frictions drive systematic pass-through failures—implying synthetic
shorting costs can diverge meaningfully from real shorting costs.



Atmaz and Basak (2019) solve a model of option pricing with costly short selling and
partial lending. They solve for bid and ask prices for options as a function of the standard
Black and Scholes (1973) option pricing parameters as well as short sale fees, order arrival
probabilities, and the partial lending parameter — the proportion of lendable shares that
are lent out for a fee. The key feature of their model is that option positions that require
the market maker to sell shares short will require the payment of a short sale fee, while
option positions that require the market maker to hold a positive inventory of shares
may not earn the same fee from lending shares due to partial lending. While the authors
study European-style options and don’t consider early exercise premia, they do suggest
that market-making considerations should matter for option pricing. Garleanu, Pedersen,
and Poteshman (2008) also suggest that option risk premia should depend on the market-
making considerations. Thus, implied fees measured accounting for transaction costs will

likely embed information about risk premia that is not captured using midpoint measures.

Another stream of literature suggests that regulation can affect the incentives of mar-
ket participants to price short-sale relevant information in option prices. Evans, Geczy,
Musto, and Reed (2009) detail how regulations in the past allowed market makers to short
sell shares without borrowing stock. Blocher and Ringgenberg (2018) show that changes
in regulation that prevented failures-to-deliver and reverse conversions had a large effect
on the relation between stock lending fees and option implied fees. However, we know
little about how these regulations affected the pass-through from actual lending fees to

option-implied fees.
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3 Data

To perform tests of the relation between implied fees and predictor variables suggested
by the literature, we combine daily equity lending data from the FIS Astec database with
data from the Center for Research in Security Prices (“CRSP”), Compustat, Thomson

Reuters, and OptionMetrics, as discussed in detail below.

3.1 Equity Lending Data

Our data on the share lending market comes from FIS Astec Analytics Short Lending
Data. This data set contains multiple observations per firm day, such as loan fees for new
loans vs. outstanding loans and loans broken down by collateral type (cash vs. security).
Our daily fee variable is the weighted average retail loan rate for all transactions. We
also have data on utilization (the ratio of shares lent to shares available for lending),
the average age of outstanding loans, and the standard deviation of fees on outstanding

loans. The sample spans July 2013 to May 2021.

3.2 Option Implied Loan Fees

We download option price data from Optionmetrics and security price data from CRSP
to calculate option implied loan fees. We use minimal sample restrictions to maximize the
amount of clean data available for our tests. Open interest must be positive, ask prices
must be greater than bid prices, the percentage spread on options must be less than 30%,
and implied volatility must not be missing. We drop all options when a dividend will

be paid before option expiration to focus on options where the early exercise premium is
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unrelated to dividends. We calculate option moneyness as the option strike price divided
by the stock price, and keep options with moneyness between 0.85 and 1.15. Finally, we

keep options with a maturity between 7 and 75 days.

To calculate the option implied interest rate o0, We solve the put-call parity equation:

= (- (€225,

Thus, the option implied short selling fee, which we denote OIFee can be written
OIFee = 1§ — Toption

where 7y is the risk-free rate with the same maturity as the pair of option contracts used
to calculate the implied fee. When we use option midpoints to calculate the implied fee
we denote this variable OIFee/mid] and when we use the call bid price and put ask price

(the trades required for a synthetic short position) we denote this variable OIFee/ba).

3.3 Equity Loan Utilization

We require data on the utilization of short sales to test the impact of regulation on
short selling. Because these tests span a time period before the availability of the FIS
Astec short-selling data, we estimate short sale utilization using the ratio of shares held
short to an estimate of total lendable shares. We obtain data on the number of shares
held short from the Compustat Supplemental Short Interest file. We estimate the total
number of lendable shares using the total institutional ownership from the Thomson
Institutional 13F database. We use total institutional ownership as a proxy for lendable

shares; D’Avolio (2002) finds that institutional investors are the main suppliers of stock
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loans, and this is a commonly used proxy for short sale supply (Asquith, Pathak, and

Ritter, 2005; Nagel, 2005).

3.4 Summary Statistics

Table 1 contains summary statistics for our main sample. In Panel A, we give statistics
at the put-call-pair level. In Panel B, we give statistics of variables that vary only at
the level of firm and date. There are almost 14 million observations at the put-call-pair
level, these come from 1,949,357 observations at the firm-date level meaning that on an
average firm day, there are approximately 7 put-call pairs from which to calculate an
option implied fee. We can see from Panel B that the mean (median) fee during our
sample period is 182 (59) basis points. The fee variable we use is the average across all
outstanding loans. We also have data on the average age and standard deviation across
loans on each firm day. The average loan age is 66 days and the standard deviation of
loan fees across outstanding loans has an average of 0.9%. We calculate the standard
deviation of fees for each firm on a 20-trading-day rolling basis and find that the average
(monthly) fee volatility is 0.22% (this amounts to annualized volatility of 0.76%. We
calculate the correlation between stock returns and fee changes which we will use to
investigate if declining stock prices typically result in higher fees. While the mean and
median correlation is zero, we find a lot of heterogeneity in this variable, and it ranges
between -0.15 to 0.15 at the 25th and 75th percentiles. In Panel A, we can see that when
computing option implied fees with the midpoint quotes, on average, the implied fee is
59 basis points below the average lending fee in the data. However, when we compute
fees taking transaction costs into account, we see that the median option implied fee is
598 basis points above the lending fee in the data. Option spreads tend to be high with

a mean (median) spread of 13.6 (12.5) percentage points.
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In Figure 1, we show the behavior of the median option implied fee calculated using
option midpoints for two sample firms. We also show the 25th and 75th percentiles of
implied fees on each day, as well as the average fee paid by market participants borrowing
shares in the market. In Panel A we have data for Peloton Interactive Inc. which saw
heavy short sale interest in late 2019 and early 2020. We first note that option-implied
(“synthetic”) short fees are above market fees at the end of 2019, but by mid-February
2020, the option-implied fees are far below the average fee paid by borrowers in the
lending market. We can see that the option implied fees both over- and underestimate
fees depending on the date. We can also see that the 25th and 75th percentiles of option
implied fees have a wide range. For example, in mid-February 2020, the 75th percentile fee
across all put-call pairs is a reasonable estimate of market fees, while the 25th percentile
and median fees are biased downward. In Panel B, we show data for Beyond Meat. The
pattern for Beyond Meat is quite striking, for most of the sample period, the option

implied fees are far below the fees for borrowing stock.

4 Determinants of Biases in Option Implied Fees

We start our analysis by investigating the general features of the option implied fee
estimates. Our dependent variable is calculated as the absolute value of the difference
between option implied lending fees for a given put-call-pair and the average lending fee
quoted in the FIS Astec dataset. Our option implied lending fees are calculated using
the midpoint prices of options (OIFee/mid]). Specifically, we calculate, for each firm i,

each put-call-pair j, on each date t, the following variable:

Abs(Fee-OlFee[mid]), ; , = |Fee; — OlFee[mid], ; |.
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This variable captures the absolute difference between the implied fee and the actual fee,
and helps us to measure the absolute error in estimating actual lending fees with option-
implied fees. To understand how fees vary with option characteristics, we estimate the

following fixed effects regression

Abs(Fee-OlFee[mid]); ., = i, + y1 Maturity Tercile, ;, + 2 Option Spread, ; ,

1,5t

+ g Distance from ATM, ;, + €; j

We present results in Table 2. Because we estimate regressions with firm-date fixed
effects, the variation used for identification is across option contract put-call pairs used
to estimate the implied fee within a given firm and date. Standard errors are clustered

at the level of firm and date.?

In column (1), we show results of regressing Abs(Fee-OlFee[mid]) on Maturity Group,
which is a variable equal to 1 if the option maturity is between 7 and 30 days, 2 if the
option maturity is between 31 and 53 days, and 3 if the option maturity is between
53 and 75 days. We can see that a one-unit change in the maturity group results in a
reduction in the absolute error of 76 basis points; this is consistent with the idea that
the bias due to early exercise is stronger at short maturities. In column (2), we find a
strong relation between the absolute error and distance from ATM in the option pair.
For example, moving from an option that is at-the-money to an option that is 10% out
of the money would result in an increase of the fee error of 14bp (1.35 x 0.1). The

coefficient for Option Spread shows that options with lower liquidity have higher errors.

5Clustering at this level significantly increases the standard errors relative to clustering at the date
level. Clustering at the firm level gives largely similar results.
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A one standard deviation change in the option spread is 0.08, so a one standard deviation
increase in option spread results in a 59bp higher error. In column (4), we can see that
Maturity Group is still significant after accounting for the Option Spread and Distance
from ATM, but that after controlling for maturity and option liquidity, the economic
impact of distance from ATM is reduced. Column (5) shows the results of running the
regression within the subset of observations with a high lending fee (above 2.5%). The
variable Distance from ATM is more economically significant when we constrain the
sample to firms with an implied fee above 2.5%. The coefficient is 2.04, a one standard
deviation move in Distance from ATM is 0.12, so a one standard deviation move in
Distance from ATM results in a 25bp increase in the implied fee error (2.04*0.12 = 0.25).
Thus, moneyness matters more when the borrowing fee is high in the market. Likewise,

the importance of Option Spread is higher in this subset of high-fee observations.

The regressions in Table 2 allow us to eliminate many firm-date specific explanations for
variation in implied fees errors as we estimate the regressions with firm-date fixed effects.
However, variables such Utilization, Fee Volatility, Fee Age, Lag Fee, Return Volatility,
and Return Fee Correlation do not vary at the firm-date level but are expected to be
related to fee errors. In Table 3, we estimate the regressions with firm and date fixed
effects to investigate whether they can give us insights into the differences between option

implied and market lending fees.

In column (1) of Table 3, we see that higher utilization returns in a marginally higher
absolute error; however, in columns (7) and (8), we see that the sign flips when control
variables are included or we condition on firms with high lending fees. In all cases,
Utilization is economically insignificant as a predictor of fee errors (a one-SD change in
Utilization is 0.25). In column (2), we include two types of fee volatility. We include

the Fee Volatility (Outstanding Loans), which captures the cross-sectional variation in
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borrow fees on a given day, as well as Fee Volatility (Last Month), which captures the
rolling 20-day standard deviation of the fee. Fee Volatility (Last Month) is a strong
predictor of fee errors, and the coefficient sign changes when we control for features like
the Lag Fee in column (7). This suggests that fee volatility reduces the errors in option
implied fees in the subset of observations with high lending fees. In column (3), we
use data on Fee Age (the weighted average age of outstanding loans on the stock) to
investigate whether older outstanding loans mean more variation in option implied fees
on any given day. Fee Age predicts higher errors overall but lower errors in the subset of
firms with the highest lending fees. In column (4), we find that the variable Lag Fee is a
strong and positive predictor, suggesting that high-fee stocks have the highest errors in
estimation. This is important as these are the firms for which we may be most interested
in getting accurate measures of option implied fees. We also note that the relation
between Moneyness Distance and errors is significantly positive conditional on Lag Fee.
This is also evident in Figure 1, where the distance between actual and implied fees seems
to be positively related to fee levels. In column (5), we see that Return Volatility is also
related to the difficulty of approximating lending fees with option-implied fees. Looking
at the coefficient on Return Fee Correlation in columns (6)-(9), we see that it positively

predicts errors only in the absence of other control variables.

The preceding tables provide insight into the determinants of absolute errors in using
option-implied estimates of lending fees. Do these errors reflect systematic biases or
simply noise? For example, it could be the case that when bid-ask spreads are larger,
the implied fee is noisier and thus over- or underestimates the market borrowing fee to
an equal extent. On the other hand, if the bid-ask spread is directionally related to
the difference between the fee and the implied fee, it suggests a systematic explanation.
For example, Figlewski (2022) suggests that early exercise premia should increase in

illiquidity; this is distinct from the notion that high bid-ask spreads simply mean the
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option implied fee is noisy. We answer these questions by running regressions of the raw
error on our predictor variables. Specifically, we replace the dependent variable in Table 6

with the raw error defined as:

Fee-OlFee[mid], ;, = Feeiy — OlFee[mid], ;.
Thus, by regressing the raw fee error on predictor variables, we investigate the direction of
the error; if a coefficient is positive (negative), it means the variable relates to a downward

(upward) bias in the estimate of the lending fee from option prices.

We present results in Table 6. In column (1), we observe a negative and significant
relationship with Maturity Group, indicating that a higher maturity group results in a
16bp downward bias. This is consistent with ideas in Jensen and Pedersen (2016) that
early exercise premiums decrease in maturity. However, for firms with lending fees above
2.5% in column (5), we find that higher maturity results in a downward bias of option
implied fees. The magnitude of the bias is large, moving up one tercile in maturity group
results in an increase of the bias of 136bp. In column (2), we find a positive relation
between the distance from the ATM of the put-call-pair and the direction of the bias,
suggesting that the implied fee underestimates the actual fee for options farther away
from the ATM. In column (3), we see that Option Spread is related to the bias; implied
fees are downward biased for options with higher percentage spreads. This suggests that
early exercise premiums could be higher when transaction costs are higher, as suggested
by Figlewski (2022). In column (4), we see that when estimated jointly, distance from
ATM is more important than option illiquidity for determining the direction of the bias.
In column (5), we note that the relations are different in the subset of firms with high

fees. Overall, put-call-pairs with higher maturity, further from at-the-money, and with
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higher bid-ask-spread result in a more downward-biased implied fee.

4.1 Accounting for Real-World Implementation Costs

Authors using option implied fees often use the quoted midpoint (as we did in the previous
section) to estimate implied fees. However, a short synthetic position requires buying the
put option at the ask price and selling a call option with the same strike at the bid price.
The use of the midpoint (and median fee) is often motivated by appealing to concerns
about market microstructure noise. However, in the presence of true microstructure
noise, any such variation would just add noise to the estimation. Theories that consider
option market making, such as Atmaz and Basak (2019) suggest that market makers
systematically adjust option bid and ask prices to account for the cost of managing
positions - for example, to take the other side of a synthetic short position, the market
maker is forced to be synthetic long and thus needs to hedge by short selling stock and

this should pass through to the put (ask) and call (bid) prices in a systematic way.

Estimating option implied fees after accounting for trading costs is important for several
reasons. First, transaction costs account for the real-world implementation cost of a
short position, which is more directly comparable to the alternative of borrowing stock
and paying the borrowing fee. Second, to estimate whether there is a risk premium for
short selling, one should account for the trading costs if they reflect the risk premium
required from a market participant like a market-maker. To investigate this idea, we
calculate the following variable:

Fee-OlFee[bal, ;, = Fee;y — OlFee[ba]

i,
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This variable compares the shorting fee in the market with the cost of a synthetic short
in the options market, i.e, the option-implied fee when paying the ask price for the put

option and receiving the bid price for the call option.

We present results in Table 7. The results in columns (1)-(2) are similar to the results
in Table 6. However, in column (3), we see that Option Spread is negatively related
to the raw error. This holds when all variables are included in column (5). Thus —
unlike previous specifications — Option Spread is negatively related to the bias, i.e., the
greater the overall option spread, the more the option implied fee is likely to be above the
borrowing fee for stocks - this suggests actual implied fees for certain pairs of contracts
could embed a risk premium after transaction costs are taken into account. Moneyness
Distance is negatively related to the spread, but this seems to be driven by Option Spread
as the sign turns positive once we control for this variable. We also note that the effect
of Maturity Group on the downward bias in fees is much stronger when transaction costs

are considered.

4.1.1 Suggestive Evidence of a Risk Premium

Results in the previous section provide suggestive evidence of a risk premium, i.e., option
implied fees tend to be above market fees when transaction costs are taken into account.
In this section, we show that early exercise premia in option prices should result in a
downward bias of the option implied fee, meaning that instances of implied fees above

actual fees may be attributed to risk premia rather than early exercise premia. Consider
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the implied rate with early exercise premia:

o=~ et (O EER) = (= ) =5)
L <_(C—P—S—(EEPC—EEPP)>
T K

Assume no dividends, so that EEP,=0, and assume the risk-free rate is zero for conve-

nience, then:

1 C—-P—-S—-FEEP,
OIFee = —Timp = T x In (— I >

Because the early exercise premium must be non-negative, we know KFFEP, > 0. In the
above equation, OlFee is increasing in FEP,.. Thus the the option implied fee would be
higher if the early exercise premium were accounted for. This means that implied fee
estimates from European parity equations should provide a lower bound of the implied

fee.

Our previous analysis focused on the determinants of implied fee variation within a firm-
date, or accounting for time-invariant firm and date unobservables. In this section, we
tackle the question of whether synthetic short fees are above or below market borrowing
fees on average. To replicate the common approach in the literature, we estimate the
implied fee by calculating the median across many put-call pairs. We calculate the median
fee for each stock and date in groups sorted by moneyness and maturity. There are three
moneyness groups and three maturity groups. The first maturity group contains options
with maturity between 7 and 30 days, the second maturity group contains options with
maturity between 31 and 53 days, and the third maturity group contains options with
maturity between 53 and 75 days. The first moneyness group contains options with put
moneyness (K/S) between 0.85 and 0.95, the second group has options with moneyness

between 0.95 and 1.05, and the final moneyness group contains options with moneyness
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between 1.05 and 1.15. We then calculate the statistics on the difference between the
median synthetic fee and the lending fee from FIS Astec; positive values mean the costs
of synthetic shorts are above borrowing costs in the stock market and could indicate a
positive risk premium. Table 8 shows that indicative fees are above market borrowing
fees in every group. This means the (median) cost of implementing a synthetic short is
above the cost in the stock market in every category of moneyness and maturity. We
also see that option maturity has a large impact on the premium of synthetic fees over

borrowing fees from the market.

4.1.2 Can Options Be Used to Circumvent High Short Sale Fees?

The preceding analysis shows that, on average, the median cost of constructing a syn-
thetic short position exceeds the cost of borrowing stock in the lending market (Table 8).
However, the averages in Table 8 mask considerable heterogeneity. At the 5th percentile,
the premium of synthetic fees over market fees is negative in every moneyness—maturity
group, indicating that a non-trivial fraction of firm-dates exhibit synthetic shorting costs
below market borrowing costs. In this section, we investigate the prevalence, economic

significance, and determinants of these episodes.

The possibility that options can be used to circumvent short sale constraints is visible
in Figure 1, Panel B. For Beyond Meat, the median option-implied fee (calculated using
midpoint prices) lies well below the stock lending fee for most of 2019. Of course, midpoint
prices are not executable. An investor constructing a synthetic short must buy the
put at the ask price and sell the call at the bid price, incurring transaction costs that
could eliminate any apparent savings. To assess whether circumvention remains feasible

after accounting for these costs, Figure 3 plots the stock lending fee alongside three
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measures of the median option-implied fee for Beyond Meat: the midpoint-based measure
(OIFee[mid]), the transaction-price-based measure using end-of-day quotes (OIFee[ba/),
and the transaction-price-based measure using intraday quotes at 10:00 AM (OIFee/ba/,
10:00 AM). Throughout most of 2019, all three option-implied fee measures remain
substantially below the actual lending fee. Even when the investor must pay the bid-ask
spread, the synthetic short is cheaper than borrowing stock during much of the period

when lending fees are at their highest.

To assess whether this pattern is systematic, we calculate the share of firm-dates on which
the median option-implied fee falls below the market lending fee. We report results
in Table 4. In Panel A, we examine the share of firm-dates for which OlFee < Fee.
Unconditionally, this occurs on 59% of firm-dates when using midpoint prices, reflecting
the downward bias documented above. The more informative rows use transaction prices.
Using end-of-day bid-ask quotes, the share of firm-dates with OIFeefba] < Fee is 2.9%
unconditionally. However, the share rises markedly as we condition on higher lending
fees: it reaches 13% for firms with fees above 2.5%, and 18% for firms with fees above
5%. Conditioning further on high utilization (above 60%) does not materially change the
share, suggesting that the phenomenon is driven primarily by the level of the fee rather
than by the tightness of the lending market per se. Results using synchronous intraday
quotes at 10:00 AM are qualitatively similar, with shares of 10% and 14% conditional on

fees above 2.5% and 5%, respectively.5

Panel B of Table 4 asks whether these episodes are economically meaningful by requir-
ing that the option implied fee be at least one percentage point below the lending fee

(Fee — OIFee > 1pp). The shares decline only modestly: for OIFee/ba/, the share drops

6The fact that the intraday results are close to the end-of-day results suggests that non-synchronous
quotes are not the primary driver of these findings. In section 4.4 we show that our main results are
robust to concerns about non-synchronous quotes.
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from 13% to 11% conditional on fees above 2.5%, and from 18% to 16% conditional on
fees above 5%. These results indicate that the cost savings from synthetic shorting, when

they exist, are not marginal. 7

It is important to emphasize that these findings do not represent a arbitrage opportunity.
The textbook arbitrage—simultaneously constructing a synthetic short via options and
lending stock purchased in the cash market—requires the ability to acquire shares in
the first place. For the stocks where synthetic fees are below lending fees, shares are
precisely the ones that are extremely difficult to borrow. Moreover, even if an investor
could borrow stock, the loan could be recalled before the option’s expiration, exposing
the position to the very risks that make lending fees high (Engelberg et al., 2018). The

synthetic short, by contrast, locks in the cost to expiry and eliminates recall risk.

Finally, we examine which firm-dates are more likely to exhibit circumvention. To do this,
we estimate a linear probability model at the firm-date level. The dependent variable
equals one if the median OIFeefba/ is below the stock lending fee, and zero otherwise. We

include firm and date fixed effects and double cluster standard errors by firm and date.

Results are presented in Table 5. While several predictors are statistically significant
in isolation (columns 1-6), most have limited economic significance. To assess magni-
tudes, we compute one-standard-deviation effects using the column (7) estimates. Uti-
lization, Fee Age, Return Volatility, and Return Fee Correlation all produce one-standard-
deviation effects below 0.25 percentage points, small relative to the unconditional circum-
vention rate of 2.9%. Lag Fee is the clear exception: with a coefficient of 0.005 and a

standard deviation of 9.66, a one-standard-deviation move implies a 4.8 percentage point

"We note that these estimates are likely conservative. Muravyev and Pearson (2020) show that
effective option trading costs are substantially lower than quoted spreads, as traders can time their
execution to minimize costs. To the extent that investors can avoid paying the full quoted spread, the
true share of firm-dates on which synthetic shorting is cheaper could be higher than reported in Table 4.
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increase in circumvention probability. Given the skewed distribution of lending fees, a
more natural benchmark is the move from the median fee (0.59%) to the 95th percentile
(approximately 4.5%): this implies a roughly 2.4 percentage point increase in circumven-
tion probability, nearly doubling the unconditional base rate. Fee Volatility (Outstanding
Loans) has a modest but non-trivial one-standard-deviation effect of 0.64 percentage
points, suggesting that circumvention is somewhat more likely when the cross-section of
outstanding loan rates is dispersed. Fee Volatility (Last Month) and Return Volatility are
both statistically significant but economically small, with one-standard-deviation effects

of 0.29 and 0.24 percentage points, respectively.

In column (8), we restrict the sample to firm-dates with lending fees above 2.5%, where
the unconditional circumvention rate is 13%. Lag Fee remains the dominant predictor,
though its one-standard-deviation effect should be interpreted cautiously given the highly
skewed fee distribution in this subsample. Fee Age becomes more economically important:
its coefficient rises from 0.002 to 0.032, and a one-standard-deviation increase in log loan
age (corresponding to a move from a median loan age of roughly 44 days to about 101
days) implies a 2.7 percentage point increase in circumvention probability, or about one-
fifth of the conditional base rate. This suggests that circumvention is more prevalent when
outstanding short positions are older and entrenched, consistent with the spot lending
fee reflecting stale or renegotiation-resistant loan terms while the options market prices
current conditions. Return Volatility becomes more negative (—0.201), consistent with
the idea that for high-fee stocks, higher return volatility may tighten the link between
option and lending markets. Overall, the results suggest that circumvention is primarily
a phenomenon of high-fee stocks: when lending fees are elevated, options are more likely

to offer a cheaper route to short exposure.
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4.2 Regulation and Option Implied Fees

Blocher and Ringgenberg (2018) note that before 2008, market makers were exempted
from borrowing shares when short selling, which allowed them to easily hedge exposure in
hard-to-borrow stocks. In 2008, this exemption was removed, and in 2013, a workaround
using reverse conversions was also removed. Blocher and Ringgenberg (2018) shows that
this increased both actual and implied lending fees. The results of Atmaz and Basak
(2019) show that the difference between the bid and ask prices will depend on the costs of
short selling, and thus, transaction costs can have a first-order impact on implied fees. In
this section, we investigate whether implied fees accounting for transaction costs increase
relatively more than fees that do not account for transaction costs during regulatory

changes.

We largely follow the difference-in-differences specification in Blocher and Ringgenberg
(2018). The data is monthly from July 2006 to December 2015. The “Early Regime” is
prior to July 2008, when the option market maker exemption was in place. The “Middle
Regime” is between November 2008 and August 2013, when option markets could be
used to short stocks using reverse conversions. The “Late Regime” is September 2013
to December 2015, after both the market maker exception and reverse conversions are
prohibited. Our option sample selection is the same as specified in section 3. Finally, in
place of the utilization variable, we use a proxy. We use the total institutional ownership
of 13F filers as a proxy for lendable shares. Our utilization proxy divides short shares out-
standing (from Compustat) by the total institutional ownership. Our treatment variable

is the firms in the top decile of our utilization proxy each month. 8

The results are presented in Table 9. In the first three columns, our dependent variable is

8Results are similar if we use a fixed utilization cutoff of 30%.

26



OIFee[ba], the option implied fee calculated taking trading costs into account. We observe
that the option implied fee increases when the ability of market makers to circumvent
short sale constraints is reduced, suggesting that market makers pass on the costs of
short selling to their customers. In columns (4)-(6), we estimate the same regressions
using OIFee[/mid], which is the option implied fee calculated using midpoint prices. We
find that the economic and statistical significance of the results is weaker using this
measure, this suggests that using midpoint prices does not capture the actual cost of
shorting passed on to customers, however, we still note an increase of implied short
sale costs when reverse conversions are prohibited as a workaround for market makers
(i.e. columns (5)-(6)). Finally, in columns (7)-(9) we estimate the change in the difference
between implied fees estimated taking transaction costs into account and estimated using
midpoints over periods where regulation changes. This provides a strict test of whether
there is a different pass-through of regulatory constraints to the particular prices (put
ask and call bid) that are required for a synthetic short. In column (9), we find that
the increase in implied fees is almost 2% larger when we consider transacting at prices
needed for a synthetic short position. These results suggest that regulation matters for
the pass-through of lending fees to option prices, and that market makers pass through
the fees in a manner consistent with the costs they incur for providing investors with

synthetic short positions.

4.3 Market Making Considerations and the Option Implied Fee

Atmaz and Basak (2019) solve for European-style option prices in a model where short
selling is costly, and lending is partial. Partial lending in the model captures the idea
that market makers pay the full fee to borrow shares, but when they are long shares,

they will not receive the full lending fee, as they are not guaranteed that their particular
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shares will be lent out. Market makers take these costs into account when accommodating
order flow from other investors. If market makers can always find a customer to take an
offsetting position each time they make a trade, then the costs of hedging the option in
the stock market become less relevant. In the language of their model, if the probability
of an offsetting trade is high, the market maker is less concerned about passing the costs
of option hedging on to customers. The importance of the offsetting trade probability
for option prices (and implied fees) thus depends on the partial lending parameter. The
impact of the probability of an offsetting trade becomes more important as the partial

lending parameter approaches zero.

To test these ideas in our data, we attempt to estimate offsetting trade probabilities
faced by market makers. We estimate these using data on option positions of market
makers at the CBOE, NASDAQ), and ISE. The Open/Close dataset gives data for each
option contract on the number of positions that are opened (closed) and whether those
positions are buys or sells. By cumulating these positions each day of an option contract’s
life, we can estimate the total position outstanding for market makers on any given day.
Likewise, we can estimate the probability of an offsetting order for any given contract. In
practice, many contracts are traded infrequently, so we estimate the arrival probabilities
at a group level. For each stock day, we group options into categories based on moneyness
and maturity, and estimate the arrival probabilities within these groups. We estimate

the arrival probabilities separately for calls and puts at the firm-day-group level.

We use two different estimation approaches. In the first approach, for each option contract
1 on day t, we calculate the probability using the cumulative open interest outstanding,

assuming that a marginal trade is more likely to follow the cumulative trades from the
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past. i.e., we estimate

OI BuyPublic;
OI1BuyPublic;; + OISell Public;;

P(offset,contract); , =

We then calculate the average of this probability for each firm day in groups of moneyness
and maturity separately for call and put options. Because our analysis is based on put-call

pairs, we calculate the average or minimum of probabilities at the pair level.

In the second approach, we calculate for each firm and day the sum of trades that open a
long position (open buy) and offsetting trades that go short (open sell) for each contract
7 in each group of moneyness and maturity indexed by j. We then take the ratio of these
sums as our estimate of the probability of offset at the moneyness-maturity group level

for call and put contracts:

ZEEj OpenBuyPublic;
>°i¥ OpenBuyPublic;, + ;% OpenSell Public;,

P(oﬁset,group)jt =
As before, we calculate the average or minimum to combine estimates on calls and puts.

Results are presented in Table 10. Overall, we find that offsetting trade probabilities are
negatively related to biases in option implied fees. However, the economic significance is
modest. A one standard deviation move in the offset-probability drives a 6bp reduction

in the Absolute error in column 2.

4.4 Robustness to Non-Synchronous Quotes

Our baseline results use end-of-day option quotes from OptionMetrics.Because equity

options and their underlyings do not trade synchronously, pairing potentially stale end-
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of-day option quotes with equity closing prices can induce spurious put—call parity “vio-
lations.” Consistent with this concern, Battalio and Schultz (2006) show that many ap-
parent dot-com—era parity violations computed from end-of-day option quotes and stock
closing prices disappear when intraday data are used. In addition, Wallmeier (2024) note
that, since July 30, 2009, OptionMetrics has recorded end-of-day option quotes at 15:59
rather than 16:00 to mitigate the possibility that a 16:00 quote is not meaningful if the

market is already closed.”

To assess robustness to timing noise, we recompute our implied-fee measures using syn-
chronous intraday quotes for options and stocks—i.e., both taken at the same timestamp.
For options, we use the OPRA consolidated feed (NBBO). For equities, we use consoli-
dated top-of-book quotes disseminated by the U.S. equity SIPs (CTA/UTP). We access
both through ThetaData. Our intraday sample begins in 2017, which is the first year
for which our provider offers both OPRA and CTA/UTP coverage. We construct the
dependent variables exactly as in Section 4 and evaluate them at specific times of day;

in what follows we focus on 10:30 and 16:00. Results are reported in Table 11.

Because our data availability limits our sample of quotes to dates from 2017, we re-
estimate our baseline results from columns 4-5 of Tables 2 and 7 and present them in Table
11 Panel A. Panel’s B and C show results estimated with intraday quotes (or midpoints
of quotes) from 4:00 PM and 10:30 AM respectively. First, looking at Table 11 Panel
A, we can see that the coefficient estimates on Moneyness Distance are quantitatively
similar to those in previous tables. The coefficient estimate on Maturity Group, which
is negative and significant in 2, loses significance, however, when focusing on firms with
fees above 2.5%. The coefficient estimates for all variables are quantitatively similar in

columns 3-4, which replicates Table 7.

9Bogousslavsky and Muravyev (2023) also document that equity closing prices can deviate from
closing quote midpoints, which in turn affects put—call parity tests.
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Because the intraday sample starts in 2017, we first re-estimate our baseline specifications
from columns 4-5 of Tables 2 and 7 in the sample starting in 2017 and present them in
Panel A of Table 11. The estimates on Moneyness Distance are quantitatively similar
to the earlier tables. The coefficient on Maturity Group—mnegative and significant in
Table 2——loses significance when restricting to firms with fees above 2.5%. Columns 3-4

(raw-error specifications) closely replicate Table 7 in both sign and magnitude.

Panel B of Table 11 reports results using quotes at 16:00. Magnitudes are largely similar
to the baseline, suggesting that any noise induced by differences between closing quotes
and closing prices has a limited influence on our findings. The Maturity Group coefficients
become somewhat larger in magnitude, and Moneyness Distance is slightly smaller, but

all remain economically meaningful.

Finally, Panel C uses 10:30 quotes. End-of-day quotes may incorporate intermediary-risk
considerations (Terstegge and Huebner, 2024); while distinct from asynchronicity, this
could make early-day implied fees differ from measures that use quotes near the end of
the trading day. The 10:30 results are qualitatively similar to the baseline: signs are
preserved, and most effects remain significant. The Moneyness Distance coefficient loses
significance in the full sample for one raw-error column, and the Maturity Group and
Option Spread coefficients are about 20-30% smaller. Overall, focusing on quotes from

the morning trading session does not alter our main conclusions.

5 Conclusion

We show that several real-world frictions significantly impact the economic determinants

of the no-arbitrage relation between securities lending fees and synthetic short positions
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constructed from options. Notably, at the level of the put-call pair within a firm and
date, option implied fees vary by contract maturity, moneyness, and liquidity. At the
firm level, option implied fees depend on the characteristics of the stock, such as the
lagged fee and the volatility of the fee. These results suggest that the common practice
of taking the median fee across many put-call pairs for a given firm and date hides

economically important variation.

From the perspective of an investor, we show that transaction costs matter; creating a
synthetic short position often results in option implied fees above the fees in the market
for borrowing stock. Thus, the choice of which options to use to create synthetic shorts
(or to infer borrow fees) is important. Taking the perspective of an options market
maker, we find that costs related to regulation and hedging are passed through to the
options market. Our results suggest that risk premia required by market makers may

pass through to option implied fees.

Overall, our results all point to the same conclusion: the canonical framework linking
equity lending fees to option prices, that is premised on European options without early
exercise, offers a poor fit for real-world markets in which American options with early
exercise premia prevail. These findings establish an important result: options are not
redundant securities; they are often priced differently than the law-of-one price implies.

As a result, they can be used to circumvent some short-sale constraints.
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Figure 1: Comparison of Actual and Option Implied Fees

This figure contains graphs of the actual lending fees and option-implied fees for Peloton
Interactive Inc. (ticker: PTON) in Panel A and Beyond Meat Inc. (ticker: BYND) in
Panel B. The solid red line represents the average fee from FIS Astec. The solid green line
represents the median option implied fee (calculated using the midpoint prices) across all
valid put-call pairs on each date, dot-dashed lines represent the 25th and 75th percentiles
of the option implied fees.
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Figure 2: Synthetic Borrowing Premia by Moneyness and Maturity

This figure contains the average difference between the median synthetic fee and market
borrow fees as reported by FIS Astec. The synthetic fee is defined as OIFee/ba, ]t,
option implied fee calculated using the call bid price and put ask price for firm i, put—
call-pair j, and date t. We first calculate the median of the synthetic fee at the firm-date
level within terciles of moneyness and maturity. We then calculate the average difference
between the median synthetic fee and the fee from FIS Astec across each tercile to show
the average difference across all firm dates within a given group. We refer to this difference
as the “Premium” for synthetic borrowing over market borrowing.
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Figure 3: Beyond Meat: Actual vs. Option-Implied Fees with Transaction
Costs

This figure plots the actual lending fee alongside three measures of the median option-
implied fee for Beyond Meat Inc. (ticker: BYND). The solid red line represents the
average fee from FIS Astec. The solid cyan line represents the median option-implied
fee calculated using midpoint prices (OIFee[/mid]). The solid purple line represents the
median option-implied fee calculated using the call bid price and put ask price (OIFee/ba],
end-of-day quotes). The solid green line represents the median option-implied fee cal-
culated using synchronous intraday bid-ask quotes at 10:00 AM (OIFee/baj, 10:00 AM).
Negative values of the option-implied fee are set to missing.
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Table 1: Summary Statistics

This table contains summary statistics of the main variables. The implied fee is calculated
from the put-call parity formula for pairs of options using either the midpoint “[mid]”
or the call bid price and put ask price “[ba]” for each option. The variable Fee is the
daily weighted average retail loan rate for all transactions from the FIS Astec database.
The variable Maturity Group bins observations into three groups depending on the level
of maturity; short maturity is between 7 and 30 days, medium maturity is between 31
and 53 days, and long maturity is from 53 to 75 days. Distance from ATM is calculated
as the absolute distance from unit moneyness of the put option in the put-call pair.
Moneyness is calculated as K/S, where K is the strike price, and S is the underlying asset
price. Option Spread is the maximum (percent) spread of the put-call pair used for the
implied fee. Percent Utilization is the utilization rate of lendable shares from the FIS
Astec database. Average Loan Age (Days) is the average age of outstanding loans from
the FIS Astec Database. Fee Volatility (Outstanding Loans) is the standard deviation of
outstanding loans on a given day from the FIS Astec data. Fee Volatility (Last Month)
is calculated as the standard deviation of fees in the 20 trading days. Return Volatility is
calculated as the standard deviation of returns in the past 20 trading days. Return Fee
Correlation is defined as the correlation of changes in fees and returns during the last
month, lagged by one day. The sample spans July 2013 to May 2021.

Panel A: Put-call pair level variables
count mean sd g® g25 median q7b q95
(Fee-OTFee[mid])) (%) 13,999,882 0.59 826 -6.37 -1.01 0.55 1.85 6.25
(Fee-OTFee[bal)) (%) 13,999,882 -5.98 10.55 -20.82 -8.11 -3.88 -1.41 0.62
Abs(Fee-OlIFee[mid]) (%) 13,999,882  3.03 7.71 0.14 0.70 1.54 320 9.63
Abs(Fee-OlIFee[ba]) (%) 13,999,882  6.70 10.11 0.27 1.60 398 825 2140

Option Spread (%) 13,999,882 13.61 7.98 253 6.74 1250 20.00 28.57
Maturity Tercile 13,999,882 1.88 0.77 1.00 1.00  2.00 2.00 3.00
Distance from ATM 13,999,882  0.09 0.12 0.00 0.03  0.06 0.12 0.28

Panel B: Firm level variables

count mean sd qb q25 median  q75 q95

Lending Fee 1,949,357 1.82 9.65 0.25 0.50 0.59 0.70 4.53
Percent Utilization 1,823,621 18.98 2480 0.19 1.95 8.33 2491 8198
Average Loan Age (Days) 1,949,357 66.05 51.22 15.07 33.35 54.80 85.70 151.41
Fee Volatility (Outstanding Loans) 1,887,600 0.90 6.41 0.17 0.27 0.38  0.57 1.68
Fee Volatility (Last Month) 1,048,628 0.22 1.68 0.00 0.01 0.03  0.06 0.49
Return Volatility 1,948,579 253 216 086 1.38 2.00 3.01 5.85
Return Fee Correlation 1,556,535 -0.00 0.23 -0.38 -0.15 -0.00 0.15 0.38
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Table 2: Fixed Effects Estimation: Explaining Biases in Option Implied Fees

This table contains estimates of fixed effects regressions of the absolute difference be-
tween market lending fees and option implied fees on predictor variables. The dependent
variable (in percent) is defined as Abs(Fec-OlFee[mid]); ;,, where Fee is the borrow fee
for firm i on day t and OIFee/mz'd/L ;. 1s the option implied fee calculated using midpoints
of option prices for firm i, put-call-pair j, and date t. Standard errors (in parentheses)
are double clustered by firm and date. *** ** * indicates significance at the 1%, 5%,
and 10% levels, respectively.

Dependent variable:

Absolute Error (Mid Market)

(1) (2) (3) (4) (5)
Maturity Group —0.756™** —0.698"*  —0.442***
(0.030) (0.027) (0.157)
Moneyness Distance 1.347 0.257 2.038***
(0.240) (0.256) (0.454)
Option Spread 7.376*** 6.508*** 13.186™**
(0.326) (0.318) (1.196)
Firm x Date Fixed Effects Yes Yes Yes Yes Yes
Fee > 2.5% No No No No Yes
Observations 13,999,882 13,999,882 13,999,882 13,999,882 822,562
Adjusted R? 0.871 0.868 0.871 0.874 0.932
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Table 3: Fixed Effects Estimation: Explaining Biases in Option Implied Fees
II

This table contains estimates of fixed effects regressions of the absolute difference be-
tween market lending fees and option implied fees on predictor variables. The dependent
variable (in percent) is Abs(Fee-OIFee/mid]), ;,, where Fee is the borrow fee for firm i on
day t and O]Fee[mid/L i 18 the option implied fee calculated using midpoints of option
prices for firm i, put-call-pair j, and date t. Standard errors (in parentheses) are double
clustered by firm and date. *** ** * indicates significance at the 1%, 5%, and 10%

levels, respectively.

Dependent variable:

Absolute Error (Mid Market)

(1) 2) (3) (4) (5) (6) (7) 8)
Maturity Group —0.927* —0.972% —0.909*** —1.010*** —0.885* —0.925** —1.051* —0.719*
(0.047) (0.039) (0.046) (0.035) (0.047) (0.051) (0.005) (0.046)
Moneyness Distance —0.844 —0.004 —0.668 1.204** —1.494* —0.927 0.983*** 3.082%
(0.565) (0.394) (0.549) (0.331) (0.619) (0.576) (0.080) (0.201)
Option Spread 9.626™** 77527 9.591** 5.811** 10.102*** 10.250*** 6.101*** 10.361*
(0.974) (0.592) (0.958) (0.307) (1.005) (1.108) (0.082) (0.580)
Utilization 0.046** —0.015*** —0.018**
(0.008) (0.001) (0.004)
Fee Volatility (Outstanding Loans) 0.631** 0.078* 0.089**
(0.251) (0.042) (0.036)
Fee Volatility (last Month) 45.446* —15.541"  —13.808"**
(23.380) (2.674) (2.450)
Fee Age 0.209** —0.004 —1.290***
(0.072) (0.009) (0.110)
Lag Fee 0.627** 0.619*** 0.636™*
(0.026) (0.016) (0.015)
Return Volatility 37.255" 8.058"** —4.759**
(8.438) (0.901) (1.962)
Return Fee Correlation 0.322** 0.010 —0.224
(0.157) (0.019) (0.199)
Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes
Date Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes
Fee > 2.5% No No No No No No No Yes
Observations 13,196,625 13,601,796 13,994,901 13,993,143 13,982,484 11,753,645 11,334,704 749,496
Adjusted R? 0.236 0.441 0.231 0.722 0.237 0.232 0.737 0.844
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Table 4: Share of Firm-Dates with Option Implied Fees Below Lending Fees

This table reports the share of firm-dates on which the median option-implied fee is
below the market lending fee. The option-implied fee is calculated using midpoint prices
(OIFee[mid]), end-of-day call bid and put ask prices (OIFee[ba/), or synchronous intraday
bid-ask quotes at 10:00 AM (OIFee[ba] (10:00 AM)). For each firm-date, we compute the
median option-implied fee across all valid put-call pairs. Panel A reports the share of
firm-dates for which the median implied fee is below the lending fee. Panel B reports the
share for which the lending fee exceeds the median implied fee by at least one percentage
point. Columns condition on the lending fee level and utilization. The intraday sample
begins in 2017.

Unconditional Fee > 2.5% Fee > 5% Fee > 5% & Util > 60%

Panel A: Share with OlFee < Fee (%)

OIFee[mid| 58.71 71.08 76.02 76.00
OlFee[ba) 2.87 13.04 18.35 18.48
OlFee[ba] (10:00 AM) .42 9.79 14.00 14.28
Panel B: Share with Fee — OlFee > 1pp (%)

OlIFee[mid] 39.58 64.57 71.23 71.21
OlFee]bal 1.36 11.45 16.38 16.58
OlFee[ba] (10:00 AM) 0.76 8.81 12.76 13.13
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Table 5: Linear Probability Model: Determinants of Short Sale Fee Circum-
vention

This table contains estimates of linear probability models where the dependent variable
equals one if the median option-implied fee (using transaction prices, OlFee[ba/) on a
given firm-date is below the market lending fee, and zero otherwise. Standard errors (in
parentheses) are double clustered by firm and date. *** ** * indicates significance at
the 1%, 5%, and 10% levels, respectively.

Dependent variable:

1{OIFee[ba] < Fee}

1) 2) ®) &) (5) (6) (7) ®)
Utilization 0.001*** 0.0001 0.0002
(0.0001) (0.00005)  (0.0002)
Fee Volatility (Outstanding Loans) 0.002 0.001* 0.001*
(0.002) (0.0003) (0.0003)
Fee Volatility (last Month) 1.256*** 0.170* 0.210**
(0.262) (0.094) (0.103)
Fee Age 0.004** 0.002*** 0.032***
(0.001) (0.001) (0.005)
Lag Fee 0.006*** 0.005* 0.005***
(0.0004) (0.0004) (0.0004)
Return Volatility 0.193** —0.113**  —0.201***
(0.036) (0.027) (0.061)
Return Fee Correlation 0.002 —0.0002 0.002
(0.001) (0.001) (0.008)
Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes
Date Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes
Fee > 2.5% No No No No No No No Yes
Observations 1,823,621 1,886,873 1,948,388 1,948,305 1,948,579 1,556,535 1,495,143 123,700
Adjusted R? 0.143 0.167 0.141 0.205 0.141 0.147 0.216 0.406
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Table 6: Fixed Effects Estimation: Understanding the Direction of the Bias

This table contains estimates of fixed effects regressions of the difference between market
lending fees and option implied fees on predictor variables. The dependent variable (in
percent) is defined as (Fee-OIFee/mid]), ;,, where Fee is the borrow fee for firm i on
day t and O]Fee/mid/i, i 18 the option implied fee calculated using midpoints of option
prices for firm i, put-call-pair j, and date t. Standard errors (in parentheses) are double
clustered by firm and date. *** ** * indicates significance at the 1%, 5%, and 10%
levels, respectively.

Dependent variable:

Raw Error (Mid Market)

(1) (2) (3) (4) (5)
Maturity Group —0.162*** —0.216*  1.359***
(0.033) (0.032) (0.192)
Moneyness Distance 1.779* 1.930%** 4.598"**
(0.294) (0.337) (0.502)
Option Spread 1.944** 0.316 3.580***
(0.201) (0.231) (1.075)
Firm x Date Fixed Effects Yes Yes Yes Yes Yes
Fee > 2.5% No No No No Yes
Observations 13,999,882 13,999,882 13,999,882 13,999,882 822,562
Adjusted R? 0.844 0.844 0.844 0.845 0.921
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Table 7: Fixed Effects Estimation: Explaining biases in the Option Implied
Fee with Transaction Costs

This table contains estimates of fixed effects regressions of the difference between market
lending fees and option implied fees on predictor variables. The dependent variable (in
percent) is defined as (Fee-OIFee[baj), ;,, where Fee is the borrow fee for firm i on day t
and OlFeefbaj; ;, is the option implied fee calculated using the call bid price and put ask
price for firm i, put-call-pair j, and date t. Standard errors (in parentheses) are double
clustered by firm and date. *** ** * indicates significance at the 1%, 5%, and 10%
levels, respectively.

Dependent variable:

Raw Error (Bid Ask Spread)

(1) (2) (3) (4) (5)
Maturity Group 2.571%* 2.161%* 6.938**
(0.131) (0.112) (0.404)
Moneyness Distance —4.419* 2.635** 8.469***
(0.925) (0.583) (0.636)
Option Spread —33.138"*  —32.968"*  —62.213***
(1.103) (1.092) (3.111)
Firm x Date Fixed Effects Yes Yes Yes Yes Yes
Fee > 2.5% No No No No Yes
Observations 13,999,882 13,999,882 13,999,882 13,999,882 822,562
Adjusted R? 0.719 0.699 0.735 0.752 0.854
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Table 8: Analyzing the Synthetic Borrow Fee Premium

This table contains statistics on the difference between synthetic borrow fees calculated
from call and put transaction prices and market borrow fees from FIS Astec. The syn-
thetic fee is defined as O]Fee[ba]i’ it the option implied fee calculated using the call bid
price and put ask price for firm i, put-call-pair j, and date t. We first calculate the me-
dian of the synthetic fee at the firm-date level within terciles of moneyness and maturity.
We refer to this difference between the synthetic lending fee and the market fee as the
“premium”. We then calculate statistics of the difference between the option implied fee
and the market lending fee within terciles of maturity and moneyness for all firm dates
within a given group.

Moneyness Maturity N pd> p25 pdO mean sd  p7h P95
Low Low 77,640 -1.03 235 593 9.14 1523 1241 32.81
Low Med 106,438 -0.86 1.04 298 4.00 11.53 6.13 15.53
Low High 43,261 -0.99 0.30 1.50 1.69 1236 3.32 9.30
Med Low 336,526 -1.08 1.69 4.79 7.11 10.26 9.99 23.86
Med Med 302,172 -0.86 0.72 253 339 807 526 11.87
Med High 99,698 -0.93 0.18 142 1.62 954 3.15 7.09
High Low 93,224 -0.94 227 582 865 14.11 12.27 30.34
High Med 109,084 -0.87 0.94 292 3.84 1141 6.36 14.87
High High 42,723 -1.01 0.25 146 1.66 1146 3.75 &.77
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Table 9: Difference in Differences Estimation: Understanding the Effects of
Regulation

This table contains difference-in-differences estimates of the effect of regulatory changes
on option implied borrowing fees. The treatment variable is high utilization (firms with
the highest 10% of short selling). The “Early Regime” is prior to July 2008, when
the option market maker exemption was in place. The “Middle Regime” is between
November 2008 and August 2013, when option markets could be used to short stocks
using reverse conversions. The “Late Regime” is September 2013 to December 2015, after
both the market maker exception and reverse conversions were removed. The dependent
variable in columns (1)-(3) is OIFeefbaj, defined as the option implied fee calculated
using the call bid price and put ask price. The dependent variable in columns (4)-(6) is
OIFee[mid], defined as the option implied fee calculated using the midpoints of option
prices. The dependent variable in columns (7)-(9) is (OIFee/ba- OIFee[mid)), defined as
the difference in option implied fees calculated using transaction prices and midpoint
prices. The dependent variables are calculated at the level of the put-call pair for each
firm and date. Standard errors (in parentheses) are double clustered by firm and date.
Rk R F indicates significance at the 1%, 5%, and 10% levels, respectively.

Dependent variable:

OIFee (bid-ask) OIFee (midpoint) OlIFee (bid-ask) - OIFee (midpoint)

(1) 2 3) (4) (5) (6) (7 (8) 9)
Ear-Mid  Mid-Late Ear-Late Ear-Mid Mid-Late Ear-Late FEar-Mid Mid-Late Ear-Late

Regime x Uil 0.035* 0.020°  0.067  0.024 0.014*  0.048"  0.010 0.006 0.019*
(0.015)  (0.010)  (0.012)  (0.016)  (0.007)  (0.010)  (0.008)  (0.005) (0.004)

Util 0.059%  —0.007  —0.035*  0.038*  —0.004  —0.029*  0.021*  —0.003 —0.007
(0.015)  (0.007)  (0.015)  (0.013)  (0.006)  (0.013)  (0.007)  (0.004) (0.006)

Observations 7,700 8,770 8,428 7,700 8,770 8,428 7,700 8,770 8,428

Adjusted R? 0.924 0.660 0.944 0.936 0.526 0.958 0.623 0.767 0.709




Table 10: Fixed Effects Estimation: Understanding the impact of Market-
Maker Considerations

This table contains estimates of fixed effects regressions of the absolute difference between
market lending fees and option implied fees on option arrival probabilities. The dependent
variable (in percent) is Abs(Fee-OlFeefba]), ; ,, where Fee is the borrow fee for firm i on
day t and OIFeefbaf; ;, is the option implied fee calculated using the call bid price and
put ask price for firm i, put-call-pair j, and date t. P(offset,group) and P(offset,contract)
represent estimates of offsetting order arrival probabilities at the group and contract
levels. Avg.[.] and Min[.] refer to the Average and Minimum of the arrival probability
estimate. The estimation of option arrival probabilities is described in detail in section
4.3. Standard errors (in parentheses) are double clustered by firm and date. *** % *
indicates significance at the 1%, 5%, and 10% levels, respectively.

Dependent variable:

Abs. Error (Bid Ask Spread)

(1)

(2)

(3)

(4)

Maturity Group —0.921*  —0.919"*  —0.924**  —0.924***

(0.069) (0.069) (0.069) (0.069)
Moneyness Distance -1 —-1.623*  —1.690"*  —1.662**

(0.641) (0.645) (0.637) (0.645)
Option Spread 28.741*** 28.744*** 28.734*** 28.732%**

(1.320) (1.319) (1.320) (1.319)
Avg.[P(offset,contract)] —0.194***

(0.052)
Avg.[P(offset,group)] —0.321**

(0.064)
min[P (offset,contract) —0.098**
(0.044)
min|P(offset,group)] —0.192%**
(0.061)

Firm x Date Fixed Effects Yes Yes Yes Yes
Observations 4,355,012 4,355,012 4,355,012 4,355,012
Adjusted R? 0.866 0.866 0.866 0.866
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Table 11: Fixed Effects Estimation: Robustness to Non-Synchronicity using
Intraday Quotes

This table reports fixed-effects regressions that assess robustness to using synchronous
intraday quotes for options and stocks. Columns 1-2 (3-4) display results for
Abs(Fee— OlFee[mid)), ;, ((Fee—OIFee[baj); . ), where Fee is the borrow fee for firm i on
day t, and OIFee[- ], ,, is the option-implied fee computed from mid-quotes or bid/ask
quotes for put—call pair j on date . Panel A uses the post-2017 baseline (end-of-day)
construction. Panels B and C use intraday NBBO quotes (and midpoints) aligned at
16:00 and 10:30, respectively. Standard errors (in parentheses) are double clustered by
firm and date. *** ** * denote significance at the 1%, 5%, and 10% levels, respectively.

Panel A: Baseline (Post-2017 sample)

Dependent variable:
Absolute Error (Mid Market) Raw Error (Bid Ask Spread)

L) (2) (3) (4)

Maturity Group —0.790*** —0.760*** 2.279*** 7.686***
(0.037) (0.179) (0.140) (0.544)
Moneyness Distance —0.091 1.167* 3.237 8.997**
(0.266) (0.516) (0.614) (0.676)
Option Spread 5.698*** 12.720*** —32.787*** —69.285***
(0.315) (1.470) (1.148) (4.323)
Firm x Date FE Yes Yes Yes Yes
Fee > 2.5% No Yes No Yes
Observations 9,092,981 485,876 9,092,981 485,876
Adjusted R? 0.741 0.778 0.668 0.688
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Table 11: Fixed Effects Estimation: Robustness to Non-Synchronicity using
Intraday Quotes (continued)

Panel B: Robustness (16:00 Quotes)

Dependent variable:
Absolute Error (Mid Market) —Raw Error (Bid Ask Spread)

(1) (2) (3) (4)

Maturity Group —1.210%** —1.012** 2.296*** 8.022***

(0.291) (0.441) (0.381) (0.721)
Moneyness Distance —0.048 1.404** 2.894*** 8.867*

(0.361) (0.596) (0.734) (0.771)
Option Spread 5.024*** 9.607*** —32.607 —67.879**

(0.977) (2.129) (1.316) (4.172)
Firm x Date FE Yes Yes Yes Yes
Fee > 2.5% No Yes No Yes
Observations 8,927,031 482,482 8,926,083 482,484
Adjusted R? 0.766 0.714 0.780 0.690

Panel C: Robustness (10:30 Quotes)

Dependent variable:
Absolute Error (Mid Market) —Raw Error (Bid Ask Spread)

(1) (2) (3) (4)

Maturity Group —1.007*** —1.002** 2.437*** 8.104***

(0.281) (0.407) (0.379) (0.718)
Moneyness Distance 0.782** 2,328 0.542 6.427**

(0.352) (0.565) (0.869) (0.848)
Option Spread 4,175 9.251%** —26.467*** —47.151***

(0.823) (1.512) (1.146) (2.779)
Firm x Date FE Yes Yes Yes Yes
Fee > 2.5% No Yes No Yes
Observations 8,926,972 482,478 8,926,995 482,487
Adjusted R? 0.661 0.686 0.653 0.670
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