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Regulations allow market makers to short sell without borrowing stock, and the transactions
of a major options market maker show that in most hard-to-borrow situations, it chooses not
to borrow and instead fails to deliver stock to its buyers. A part of the value of failing passes
through to options prices: when failing is cheaper than borrowing, the relation between
borrowing costs and options prices is significantly weaker. The remaining value is profit
to the market maker, and its ability to profit despite competition between market makers
appears to result from the cost advantage of larger market makers. (JEL G12, G13, G29)

In the United States, the market for short exposure clears differently from the
market for long exposure. This difference has recently attracted considerable
interest from both the SEC and the market participants who frequently short sell
or whose stock is sold short.1 The interest is both in the economics of clearing
and in the pricing of the affected assets, which could be high or inefficient.
Our goal is to establish the role of an unfamiliar yet important clearing tactic:
failing to deliver.

Short sales are usually accomplished through equity loans. The short seller
borrows shares from an equity lender, which he delivers to the buyer. This debt
of shares to the lender gives him short exposure going forward. But there is
another way to create the same exposure: by failing to deliver the shares. If the
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short seller delivers nothing to the buyer, thereby incurring a debt of shares to
the buyer, this also gives him short exposure going forward. This alternative
moves the risk that the short seller does not repay his debt from the equity
lender to the buyer, but just as equity lenders have a mechanism for ensuring
performance—i.e., collateral—so do the buyers. The clearing corporation
intermediating the trade takes margin and marks it to market, thereby defending
buyers against their sellers’ nonperformance. If equity loans are expensive,
unavailable, or unreliable, as research shows they can be (e.g., D’Avolio, 2002;
Geczy, Musto, and Reed, 2002; Jones and Lamont, 2002; Lamont, 2004), then
this alternative appears desirable, to short sellers if not to buyers. But, consid-
ering the market rules that bind short sales to equity loans, how is it feasible?

The answer, we show, lies in the special access to delivery failures that
options market makers enjoy. Traders are generally obliged to locate shares
to borrow before shorting, but those engaged in bona fide hedging of market
making activity are exempt from this requirement. So, unlike traders in general,
a market maker can short sell without having located shares to borrow. If he
does not locate shares to borrow, then he fails to deliver, someone on the other
side fails to receive, and therefore retains the purchase price, and the clearing
corporation starts taking margin. While it lasts, this arrangement is effectively
an equity loan from the buyer to the seller at a zero rebate. But whether it lasts
depends on the reaction of the trader to failing. If a buyer does not get his shares,
then he can demand them, in which case a short seller who failed is bought in: he
must go buy the shares and hand them over. If that short seller wants to maintain
his short exposure, he must short again, so this demand increases his shorting
cost by this roundtrip transactions cost. Thus, the cost of failing to deliver is the
cost of a zero-rebate equity loan plus the expected incidence of buy-in costs. If
this incidence is low enough, then failing is a valuable alternative to borrowing
some difficult-to-borrow stocks. We show that the alternative to fail is valuable
and important to the pricing and trading of options.

First, we show that shorting costs move options out of parity. That is, synthetic
shorts constructed from options trade below spot market prices when shorting
is costly—i.e., when interest rebates on equity loans are low—and this disparity
grows as the rebate falls. However, this growth slows when the rebate falls below
zero, consistent with options market makers choosing failure over negative
rebates, and sharing some of the savings. Furthermore, the short interest of a
major options market maker grows as a fraction of marketwide short interest as
rebates fall, consistent with the market maker having and sharing an advantage
in getting short exposure to hard-to-borrow stocks.

We can see the advantage directly in the market maker’s shorting experience.
Half the time the market maker shorts a hard-to-borrow stock, it fails to deliver
at least some of the shares. And it never accepts a negative rebate, always
choosing to fail instead. This advantage could in principle be offset by frequent
buy-ins, but we find a very low frequency of buy-ins, executed with small price
concessions.
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How much of this advantage does the market maker share? Estimating the
market maker’s trading profits and net rebate reductions and buy-ins, we calcu-
late a significant average profit. This profit seems at odds with the competitive-
ness of options markets, but we show that it corresponds to the way the clearing
corporation handles buy-ins. The highest volume options market makers, such
as our data supplier, likely benefit from the clearing corporation’s practice of
assigning buy-ins to the oldest fails. That is, when a number of short sellers’
brokers are failing on the same stock and a buyer’s broker demands shares,
the clearing corporation passes this demand to the broker whose failure started
first. This favors the few highest-volume traders because, since their portfolios
turn over so much, their fails are rarely the oldest. Thus, we hypothesize that
options market competition tends to oligopoly as stocks grow hard to short.

We test our hypothesis, in a number of ways, that market maker competition
weakens as specialness grows. First, we test whether the market maker we
observe is responsible for an increasing share of short exposure as specialness
increases. Second, we test whether a measure of competition, the option bid–
ask spread, changes when stocks go on special. Third, we test whether a low
turnover increases the likelihood of buy-ins, and we examine the incidence of
buy-ins for our data provider. Fourth, we test whether an increase in market
maker competition squeezes the profitability of put-call parity arbitrage. The
results of these tests support our hypothesis by showing that at least some of
the profits result from limits to competition.

The rest of this paper is organized as follows. Section 1 reviews the lit-
erature, Section 2 describes the database, Section 3 presents the results, and
Section 4 concludes. Appendix A provides background information and rele-
vant details regarding short selling and delivery, and Appendix B describes our
methodology for calculating the term structure of interest rates.

1. Review of Literature

This paper is not the first to document that shorting frictions are associated with
breakdowns of put-call parity. Lamont and Thaler (2003) find that impediments
to short selling prevent traders from exploiting seemingly profitable arbitrage
strategies resulting from the misalignment of stock prices in equity carve-outs.
Similarly, Ofek, Richardson, and Whitelaw (2004) measure the relationship
between increased borrowing costs and put-call disparity and find that cumula-
tive abnormal returns for arbitrage strategies involving put-call disparity exceed
65%. But, as in Jarrow and O’Hara (1989), market imperfections prevent most
arbitrageurs from turning the misalignment into a profit. The put-call parity
trades studied here can be performed only by market participants who can al-
ways borrow stock or short sell without borrowing stock. In other words, rebate
rates are valid only if stocks are found and borrowed. Our study has the unique
advantage of a coherent approach that combines actual borrowing costs and
feasibility for one market participant: a large options market maker.
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Furthermore, this paper is not the first to discuss settlement fails; there is a
strand of literature that studies settlement and settlement failures in markets
other than U.S. equities. In the context of monetary policy, Johnson (1998) finds
that technological improvements in the banking settlement system have affected
monetary policy. In the context of foreign exchange, Kahn and Roberds (2001)
show that settlement through a private intermediary bank can mitigate some
of the unique risks associated with foreign exchange settlement. Fleming and
Garbade (2002) find that treasury market settlement fails jumped following the
September 11 attacks as a result of the destruction of communication facilities.2

In this paper, we identify the possibility of profiting from the misalignment,
due to short-sale costs, of stock and options markets for market participants who
have the option to fail to deliver shares, and we show how limited access to this
option is a barrier to entry that prevents competition from realigning market
prices. This work relates primarily to three topics in the finance literature:
equity lending, the relation of observed prices to Black-Scholes, and deviations
from put-call parity. We briefly review each.

1.1 The equity lending market

A number of recent papers have examined variation in the cost of borrowing
stock in the equity lending market. Reed (2007) uses one year’s daily equity-
loan data to measure the reduction in informational efficiency resulting from
short-sale costs. Geczy, Musto, and Reed (2002) measure the impact of equity-
loan prices on a variety of trading strategies involving short selling. The paper
finds that prices in the equity lending market do not preclude short sellers from
getting negative exposure to effects on average, but in the case of stock-specific
merger arbitrage trades, short-selling impediments reduce profits substantially.
Christoffersen, Geczy, Musto, and Reed (2005, 2007) use the same database
to study stock loans that are not necessarily related to short selling. The first
paper finds an increase in both quantity and price of loans on dividend record
dates when the transfer of legal ownership leads to tax benefits, and the sec-
ond paper finds an increase in quantity of loans on voting record dates when
important proposals are under consideration. Using another database of rebate
rates, Ofek and Richardson (2003) demonstrate that short selling was gener-
ally more difficult for Internet stocks in early 2000, and D’Avolio (2002) uses
18 months’ daily data to relate specialness to a variety of stock-specific charac-
teristics. Jones and Lamont (2002) study borrowing around the crash of 1929;
the paper finds that hard-to-borrow stocks had low future returns. Finally,
Duffie, Gârleanu, and Pedersen (2002) formulate a search model of the equity
lending market.

2 More recently, Boni (2005) explored market-wide failing data from the clearing corporation.
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1.2 Predicted and observed options prices

By relating short selling to options prices, this paper also contributes to the
large literature on the difference between Black-Scholes (1973) options prices
and observed options prices. MacBeth and Merville (1979) and Rubinstein
(1985) show that, empirically, implied volatilities are not equal across option
classes and that deviations are systematic. As in Derman and Kani (1994),
these systematic deviations are commonly referred to as the volatility smile.
Longstaff (1995) shows that the difference between Black-Scholes and actual
options prices increases with option bid-ask spreads and decreases with market
liquidity. Although Longstaff’s results are contested in a later work (Strong
and Xu, 1999), he provides a novel approach to testing the impact of market
frictions on options prices. Dumas, Fleming, and Whaley (1998) test a range
of time- and state-dependent models of volatility meant to account for ob-
served deviations from Black-Scholes prices. The paper concludes that these
models still leave a large mean-square error when explaining market prices.
Using Spanish index options, Peña, Rubio, and Serna (1999) find evidence
consistent with U.S. markets; they find a positive and significant contribution
of the bid-ask spread to the slope of the volatility smile. Dennis and Mayhew
(2002) examine the contribution of various measures of market risk and sen-
timent on individual index options and find that both are correlated with the
smile.

1.3 Tests of put-call parity

Some of the evidence on the impact of short-sale impediments on options prices
is presented here in terms of put-call parity. Tests of put-call parity date back to
Klemkosky and Resnick (1979), who find options market prices to be largely
consistent with put-call parity. In a related paper that focuses on the speed
of adjustment of option and stock markets, Manaster and Rendleman (1982)
conclude that closing options prices contain information about equilibrium
stock prices that is not contained in closing stock prices. Although the implied-
stock-price measure employed in our work differs substantially from that of
Manaster and Rendleman (1982), the approach of comparing actual and implied
stock prices is similar.

2. Data

We combine several databases in this study. A prominent options market
maker provided a database of rebate rates, failing positions, and buy-ins. For
equity options prices, implied volatilities, options volume, and open interest,
we use the OptionMetrics database. Finally, the interest rate term structure
is estimated using commercial paper rates from the Federal Reserve (see
Appendix B for details).
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2.1 Rebate rates, fails, and buy-ins

A large options market making firm has generously provided a database of
their rebate rates, fails, and buy-ins for 1998 and 1999. The rebate rates are the
interest rates on cash collateral for stock loans quoted by the market maker’s
prime broker. Different borrowers are likely to face different rates; this database
is a description of one large market maker’s experience. As discussed in Geczy,
Musto, and Reed (2002), rebate rates allow us to measure the difficulty of
borrowing shares, or specialness.

We construct a measure of specialness for each stock on each date. Specifi-
cally, specialness on any stock is the difference between the general collateral
rate and the rebate rate on that stock. Following Geczy, Musto, and Reed
(2002), we estimate the general collateral rate as the Federal Funds Rate minus
the equity lender’s fixed commission. Specialness is zero for most stocks, and
it is positive for specials, or hard-to-borrow stocks. We augment our market
maker’s specialness database with specialness from a large custodian lender as
described in Geczy, Musto, and Reed (2002).

The rebate rates cover all stocks in the Russell 3000 index, and we have
limited our other databases to the Russell 3000 using constitution lists from
the Frank Russell Company. The Russell 3000 includes the 3000 largest stocks
in the United States based on May 31 market capitalization. In 1997, stocks
larger than $171.7 were included. The cutoff was $221.9 in 1998 and $171.2
in 1999.

The database also indicates when this market maker is failing to deliver
shares on any of its short positions. Even though we do not have data on any of
this market maker’s specific trades, we do have information about this market
maker’s buy-ins. The buy-in database has purchase dates, settlement dates, and
execution prices for every buy-in occurring in 1998 and 1999.

2.2 Options data

We use the Ivy DB OptionMetrics database for U.S. equity options prices,
spreads, and volume. We use the average of the lowest closing ask and the
highest closing bid, or the midquote, as the options price. We apply three filters
that are common elsewhere in the options literature (e.g., Dumas, Fleming, and
Whaley, 1998; Bakshi, Cao, and Chen, 1997). First, we remove options with
fewer than six calendar days to maturity to mitigate liquidity bias. Second, we
remove options with prices less than $0.375 to minimize price discreteness.
Third, as presented in Table 1, no arbitrage restrictions are applied to the option
quotes.

Table 1 indicates that the intersection of the rebate and options databases con-
tains 19,723,466 observations. After filtering, the database contains 11,437,401
observations. This is daily price data for options with various strike prices and
maturity dates on 449,721 unique stock/days. On average, there are 890 stocks
per day on the 504 trading days in the sample.
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Table 1

Option database filters

Filters Filters in isolation Filters in sequence

Observations Fraction of Obsservations Fraction of Observations Fraction of
excluded original excluded original remaining original

excluded excluded remaining

19,723,466 100%
C , P < 0.375 3,564,681 18.07% 3,564,681 18.07% 16,158,785 81.93%
tau > 180 3,866,290 19.60% 3,744,692 18.99% 12,414,093 62.94%
tau < 6 1,074,310 5.45% 533,918 2.71% 11,880,175 60.23%
C > S 0 0.00% 0 0.00% 11,880,175 60.23%
C < S-PV(K ) 578,906 2.94% 442,774 2.24% 11,437,401 57.99%
P < K -S 0 0.00% 0 0.00% 11,437,401 57.99%
P > K 0 0.00% 0 0.00% 11,437,401 57.99%

This table presents the number of observations excluded by each filter applied to the options database. As in
Bakshi, Cao, and Chen (1997), we delete observations in which call prices are higher than the underlying stock
prices (C > S). We delete observations in which call prices are less than the present value of payoffs if exercised
(C < S − PV(K ) − PV(Div)). We delete observations in which put prices are less than the current value of
exercise (P < K − S). We delete observations in which put prices are above their strike prices (P > K ). We
also delete options with less than 6 calendar days to maturity or greater than 180 calendar days to maturity and
options with a price less than $0.375.

3. Results

The empirical results are ordered as follows. First, we address the significance
to a market maker of its option to fail, both in the incidence of failing and in
the relation of failing to high equity loan costs. Next, we relate equity loan
costs to the price of a synthetic short position as determined by put-call parity,
and we ask if this relation is sensitive to whether the option to fail is in the
money—i.e., whether the rebate rate is less than zero. Then we gauge whether
the mispricing of the synthetic short position is a result of expensive puts or
cheap calls using implied volatility as a measure of price. We then calculate the
expected cost of buy-ins, which is the product of the incidence of buy-ins and
their execution quality. Using this actual incidence and price of buy-ins, we
compute the market maker’s net profits from providing synthetic shorts in hard-
to-borrow situations. Finally, in response to the positive profits we document,
we address the possibility that options market competition is limited when the
underlying stock is hard-to-borrow.

3.1 Specialness and delivery failure

Our database shows the data supplier’s short position, for each stock in the
Russell 3000 and each day in 1998–99, and in particular it shows whether
the position was achieved through borrowing, failing, or both. It also tells us the
rebate received on borrowed shares, whether failed shares were bought in, and
if so, at what price. Thus, we can sort short positions into five major categories:
General Collateral, Reduced Rebate, Reduced Rebate and Fail, Fail Only,
and Buy-In. General Collateral indicates that a stock has been loaned at the
normal rebate rate, i.e., the stock is easy to borrow. Reduced Rebate indi-
cates that the rebate rate is below the general collateral rate—i.e., the stock is
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Table 2

Rebate rates, failure, and buy-in frequency

Panel A. Incidence of loan states in the database

Loan state Frequency Percentage of database Average rebate rate

General collateral 1,379,594 91.24 4.98%
Reduced rebate 63,343 4.19 1.72%
Reduced rebate or fail 59,322 3.92 1.50%
Fail 9,655 0.64 0.34%
Buy-in 86 0.01 0.00%

Panel B. Rebate rates for failing and non-failing positions

Rebate > 0 Rebate = 0 Rebate < 0 Total

No failing 98.61% 1.39% 0.00% 95.43%
Partial failing 59.36% 40.64% 0.00% 3.92%
Failing 10.35% 89.65% 0.00% 0.64%
Total 96.50% 3.50% 0.00% 100%

This table presents statistics on the 1998–99 rebate rate, fail, and buy-in database from a large options market
maker. Panel A shows the overall incidence of five equity-loan states in the database: General Collateral, Reduced
Rebate, Reduced Rebate/Fail, Fail Only, and Buy In, and the average rebate rate associated with each state. Panel
B shows the percentage of daily stock positions in each one of the three categories: (i) No Failing, in which
there are no shares failing delivery, (ii) Partial Failing, in which there is at least one share failing delivery, and
(iii) Failing, in which every share is failing delivery. Percentages are based on the total number of observations,
1,512,000.

special. Reduced Rebate and Fail indicates that some shares have been bor-
rowed at a reduced rebate, and that the market maker failed to deliver some
shares that were sold short. Fail Only indicates that the market maker failed
to deliver any of the shares in this short position. Buy-In indicates that the
counterparty of the short-sale transaction is forcing delivery on some or all of
the shares in the short position. Table 2, panel A, reports the incidence of each.

Consistent with earlier work, a large majority, 91.24%, of stocks are available
for borrowing at general collateral rates. The remaining 8.76% are the specials.
Breaking out this 8.76%, we find 4.19% in which borrowing simply continues
at lower rebates, but in the remaining 4.57% the market maker fails to deliver,
partially or completely. Failing is thus an important part of the story; more
than half of the time the option to fail is used when stocks are on special. Any
analysis of the relationship between short-sale impediments and options prices
is at least incomplete, and perhaps severely biased, without consideration of
the option to fail.

We would expect options market makers to fail more often as rebate rates
fall to zero. Our sample bears this out. Panel B of Table 2 shows 89.65% of
the failing positions occurring when rebates in our sample are at the lowest
rate, zero, and only 1.39% of the non-failing positions have rebates at zero.
So, failing is prevalent when rebates hit zero, and delivery is prevalent when
rebates are positive. We also find, in unreported results, that the probability of
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at least some failure grows 15.66% for each 1% decrease in the rebate.3 Thus
we conclude that failure is tightly linked to low rebates.

3.2 Specialness and options prices

We expect options prices to reflect the costs of hedging, including the costs of
short selling. We use our measure of short-sale costs, specialness, and two mea-
sures of options prices to characterize this relationship. First, we use put-call
parity to measure misalignments of stock and options markets. Second, we refer
to the options’ implied volatilities, as calculated by the Cox-Ross-Rubinstein
(1979) methodology, to gauge whether puts or calls are more responsible for
what we find.

3.2.1 Put-call parity. The effect of short-sale costs on options prices can
be seen via the European put-call parity relation. Put-call parity states that the
value of a European call option plus the discounted value of the option’s strike
price is equal to the value of the underlying asset plus the value of a European
put with the same strike price and maturity, C + e−rτK = P + S, where C is
the price of a European call option on stock S with strike price K , e−rτK is
the present value of K , and P is a put option with strike price K . C and P are
assumed to have the same time to maturity, τ.

This relationship allows a trader to replicate the payoffs of any single in-
strument in the equation with a combination of the other three instruments.
For example, the stock price implied by this put-call parity relationship, or the
implied stock price, is Si = C – P + e−rτK . For stocks with dividends paid
during the life of the option, the present value of dividends is added to the
right-hand side of the equation.

After computing the stock price implied by put-call parity, we compute the
percentage deviation of the implied stock price from the actual stock price.
This is computed by subtracting the implied stock price from the actual stock
price and normalizing by the actual stock price:

� j,t = Sj,t − Si
j,t

S j,t
, (1)

where Sj,t is the price of stock j on day t from the spot market and Si
j,t is the

price of stock j on day t implied by put-call parity. We refer to � j,t as put-call
disparity. Table 3 shows the distribution of this measure, which shows some
dispersion; the 5th percentile is −0.98% and the 95th percentile is 1.95%.

Some of this dispersion does not relate to arbitrage opportunities. Dividend-
related early exercise differentiates the European options of the parity relation

3 Taking those observations for which specialness is positive and the rebate rate is positive, we run a logistic
regression of failing on specialness with cross-sectional and time-series fixed effects. The dependent variable is
equal to 1 if there is any failing in a particular stock on a given day and is equal to zero otherwise. The coefficient
estimate on specialness is 0.1455 (p-value < 0.0001). The odds-ratio point estimate is 1.1566.

1963



The Review of Financial Studies / v 22 n 5 2009

Table 3

The distribution of put call disparity and specialness

Put call disparity Specialness Rebate rate

Average 0.0036 0.48% 4.47%
Median 0.0028 0.00% 4.85%
Standard deviation 0.0179 1.30% 1.34%
Minimum −0.9988 −0.07% 0.00%
Maximum 0.5617 5.80% 5.80%
5th Percentile −0.0098 0.00% 0.00%
10th Percentile −0.0053 0.00% 3.00%
90th Percentile 0.0140 1.92% 5.33%
95th Percentile 0.0195 4.50% 5.40%

This table describes the distribution of put-call disparity, specialness, and rebate rates in the sample of 4,560,217
strike-price- and maturity-matched put-call pairs. Put-call Disparity is the difference between the stock price
and the options-implied stock price normalized by the stock price, i.e., (S − Si )/S. Specialness is the difference
between the general rebate rate and the specific rebate rate for a stock. Rebate Rate is the interest rate on cash
collateral in a stock loan.

from the American options of the database; we address this in the following by
excluding stocks that paid dividends in the last year. Early exercise also arises
with deep in the money puts, which we address by using only the option pair
with moneyness (S/K ) closest to one, and shortest time to expiration. Near
the money and close to maturity, options tend to be more actively traded; this
also mitigates the effects of stale prices, which we further address by removing
options for which the volume or open interest is equal to zero.

Another source of dispersion is microstructure effects. As Battalio and
Schultz (2005) document, end-of-day prices deliver noisy estimates of ac-
tual arbitrage opportunities, as they may not be prices that were simultaneously
available for trade. And even if prices are simultaneous and midpoint prices
are exactly in line with put-call parity, if the stock price were at either an ask
or a bid while the options were both at their midpoints, put-call disparity for
the average stock in our sample would be 0.53%.4 But as long as these mea-
surement errors do not correlate with rebates, they do not interfere with our
tests. That is, they are as likely to subtract from our measured profits as add to
them.

We test the null hypothesis that short selling is not associated with put-call
disparity by regressing put-call disparity on specialness and control variables.
We find (p-values in parentheses):

� j,t = −0.007 + 0.060∗Specialness + 0.006∗Moneyness
(< 0.001) (< 0.001) (< 0.001)
+0.000∗Time-to-Maturity,

(< 0.001)

(2)

4 The median bid-ask spread in stocks in our sample is $0.23 (mean $0.25). The median stock price in the sample
is $21.69 (mean $27.04). If put and call prices are midpoints and the stock is at either the bid or the ask, then
put-call parity will be different from zero by 0.23/(2*21.69) = 0.0053.
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where Moneyness is defined as the stock price divided by the strike price and
Time-to-Maturity is the number of calendar days to expiration of the option.
We also include both time-series and cross-sectional fixed effects.

The significantly positive coefficient on Specialness confirms that as special-
ness increases, so does put-call disparity. Thus, specialness passes through to
options prices, consistent with findings elsewhere. The new question is whether
the option to fail passes through to options prices. Because the option to fail
can reduce a market maker’s shorting costs when rebates are negative, but not
when they are positive, its effect would be a weakening of the relation between
specialness and options prices as rebates go negative. That is, reducing the
rebate from 2% to 1% increases the market maker’s shorting costs by exactly
that much, as failing is not a cheaper alternative to borrowing in either case,
but reducing it from –1% to –2% increases it less, to the extent that the market
maker is failing rather than borrowing. To test this hypothesis we need to use
specialness data, which show it when the market rebate is negative, so we use
the “custodial” data instead.

The test design is the same as before, but now focuses on stocks that are
currently on special, and we add a regressor, Specialness∗IDRebate<0. This re-
gressor is zero when the rebate is positive, and is equal to the specialness,
i.e., has the same value as Specialness, when the rebate is negative. The null
hypothesis is that the coefficient on Specialness∗IDRebate<0 is not significantly
negative. We find:

� j,t = −0.003 + 0.088∗Specialness − 0.048∗(Specialness∗ I DRebate < 0)
(0.351) (< 0.001) (0.005)

+0.002∗Moneyness + 0.000∗Time-to-Maturity.

(0.261) (< 0.001)

(3)

The regression rejects the null; the relation between rebates and options
prices is indeed significantly weaker (at the point estimate, about 50% less) for
negative than for positive rebates. This indicates that the option to fail plays a
significant role in options pricing.

3.2.2 Distinguishing the effect on puts and calls. The relation between
specialness and synthetic shorts indicates some combination of puts growing
expensive and calls growing cheap. To gauge whether one is more important
than the other, we need to separate puts from calls and relate their prices to the
model. The testable questions become, are the implied volatilities of the puts
significantly high, and are the implied volatilities of the calls significantly low?

For each option, we use implied volatility from OptionMetrics, which uses
the industry-standard Cox, Ross, and Rubinstein (1979) binomial tree method
for calculating implied volatilities. Using a fixed effects regression, we examine
the relationship of implied volatilities with the moneyness, time to maturity,
and specialness as well as time-series and cross-sectional fixed effects. The
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Table 4

Implied volatilities and short-sale constraints

Calls Puts

Intercept 1.053∗∗∗ 1.053∗∗∗ 1.052∗∗∗ 0.928∗∗∗ 0.918∗∗∗ 0.911∗
(0.027) (0.027) (0.027) (0.027) (0.027) (0.027)

Moneyness −0.038∗∗ −0.038∗∗ −0.038∗∗ 0.093∗∗∗ 0.092∗∗∗ 0.092∗∗∗
(0.013) (0.013) (0.013) (0.013) (0.013) (0.013)

Time to maturity −0.000∗∗∗ −0.001∗∗∗ −0.001∗∗∗ −0.001∗∗∗ −0.001∗∗∗ −0.001∗∗∗
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Specialness −0.026 0.606∗∗∗
(0.049) (0.049)

100 bp indicator 0.000 0.0168∗∗∗
(0.002) (0.002)

Observations 84,915 84,915 84,915 84,915 84,915 84,915
R2 0.664 0.664 0.664 0.678 0.678 0.678

This table presents estimation results from a panel regression of the following form:

σ
implied
j,t = γ0 + γ1Moneyness j,t + γ2Time - to - Maturity j,t + γ3Specialness j,t + I D( j) + I D(t) + e j,t . σ

implied
j,t

is the implied volatility of a put or a call option for stock j on day t . Implied volatilities are calculated using the
Cox-Ross-Rubinstein binomial tree method. One put and one call are selected on each stock every day; of the
options with the shortest time to maturity, those with moneyness closest to one are chosen. Implied volatility
is then regressed on Moneyness, Time-to-Maturity, and two specifications of Specialness: the actual value of
specialness and an indicator that takes the value of one if the stock has specialness greater than 100 bp, and zero
otherwise. The ID functions represent a fixed-effects treatment of both cross-sectional (by stock) and daily (by
day) effects. ∗∗∗Indicates statistical significance at the 0.1% level. ∗∗Indicates statistical significance at the 1%
level. ∗Indicates statistical significance at the 5% level. Standard errors are included in parentheses.

estimation results from the following regression are presented in Table 4:

σ
implied
j,t = γ0 + γ1Moneyness j,t + γ2Time-to-Maturity j,t

+ γ3 Specialness j,t + e j,t , (4)

where moneyness is defined as S/K , and time to maturity is measured in
calendar days. We include fixed effects for both time-series and cross-sectional
effects. Consistent with the results for index options from Derman and Kani
(1994) and Longstaff (1995), we find that the implied volatility of put options
increases with moneyness. The coefficient on moneyness for call options is
statistically negative but the slope is almost flat. Consistent with Bakshi, Cao,
and Chen (1997), our regression results show that implied volatility decreases
with time to maturity.

For puts, both the presence and the magnitude of specialness are statistically
significant and positive. Thus we conclude that specialness increases the prices
of puts. Call prices do not show this sensitivity; neither the presence nor the
magnitude of specialness has a statistically significant effect on call prices.
Thus, when we separate the synthetic short into its components, we detect a
significant positive effect of specialness on the cost of buying puts, and no
effect on the revenue from writing calls.

3.3 Abnormal profits

3.3.1 Buy-in costs. The other cost of failing, besides the foregone interest
from the with held purchase price, is the expected cost of being bought in. When
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Table 5

Buy-in execution

Execution cost Buy-in quantity Trading days to settlement

Mean 0.0053 9,512 3.01
Median 0.0028 3,915 3
SD 0.0178 14,450 0.24
t-stat 2.75
p-value 0.01

This table presents statistics on the execution of buy-ins in 1998 and 1999 for a major market making firm. After
merging the database with TAQ, there are 85 buy-in observations on 24 unique stocks. The execution cost of
the buy-ins is examined by comparing the buy-in prices to the volume-weighted average price (VWAP) over
the trading day, (SBUY I N – SV W AP )/SV W AP . For Execution Cost, we report the mean, median, and standard
deviation of the execution costs. Additionally, we report a t-test of the null hypothesis that the difference is
zero. If multiple buy-in events are recorded on a single day, the buy-in price used in the calculations is the
quantity-weighted execution price. We report the quantity of shares bought in, Buy-In Quantity, and the number
of trading days from buy-in to settlement, Trading Days to Settlement.

the market maker is bought in, the clearing corporation executes the purchase,
and the market maker must execute a new short sale to restore its position.
Thus, the market maker’s expected buy-in cost is the probability of a buy-in
times this round trip cost. Table 2 shows that 86 of the 69,063 failing positions,
or 0.12%, were bought in over the 2-year period. Taking this realization as the
expected incidence of buy-ins, the expected incidence of buy-in costs is this
figure times the expected transactions cost, conditional on a buy-in.

Because the clearing corporation executes the buy-in, execution quality may
not be optimized, and may therefore be costly to the market maker. To gauge
this other leg of buy-in cost we relate the transaction prices of the 86 buy-ins to
the prevailing market prices. Table 5 shows that the buy-in trades are executed
at prices 0.53% worse than the volume-weighted average price (VWAP) for the
given stock on the buy-in day. The departure from VWAP is statistically signif-
icant, but even so, if we assume that the market maker pays the same 0.53% to
put the short back on, the overall expected buy-in cost is (0.12%)(2)(0.53%), or
0.1 bp. So the expected buy-in cost is, for our market maker at least, vanishingly
small.

3.3.2 Abnormal profit strategies. In this section we combine the data on
rebate rates and buy-in costs to calculate the profitability—to the market maker
who provided our data—of providing synthetic shorts on hard-to-borrow stocks.
Here we consider why the profits we document could be available in equilib-
rium.

Our profitability measure follows a simple trading strategy, designed to
avoid the attribution issues documented by Battalio and Schultz (2005). In
particular, we decide whether to put on the trade based on whether the stock is
on special, not on whether our database shows disparity, and then we hold the
trade to expiration. If instead we went in and out of the trade depending on the
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apparent disparity in the data, we would mistake some measurement error for
profitability.

We focus on liquid options and reduce the influence of known biases by
selecting the option pair with maturity as short as possible and moneyness
closest to one. We also reduce the incidence of early exercise bias, without
risking any look-ahead bias, by using only stocks that didn’t pay dividends in
the past year.

Our database allows us to calculate the profits net of the exact shorting costs.
If our market maker received a rebate, we use that rebate, but if they failed, we
use a rebate of zero. Assuming the market maker’s opportunity cost of capital
at time t is the risk-free rate r (t), and denoting his concurrent rebate for a given
stock q(t), the short-sale cost paid by the borrower on day t can be written as
r (t) – q(t). If our data show that a stock was bought in, we subtract the cost
of the buy-in by subtracting the buy-in price from the stock’s VWAP that day.
The assumption is that the market maker keeps the position going by shorting
anew at VWAP on the same day. The profits from this strategy can be written
as follows:

[S(0) − S(T )]︸ ︷︷ ︸
Short Stock Position

+ [Si (T ) − Si (0)]︸ ︷︷ ︸
Synthetic Long Position

−
[

T∑
t=0

S(t)(r (t) − q(t))

]
︸ ︷︷ ︸

Reduced Rebate Costs

− 1Buy-In Indicator

[
T∑

t=0

(SBuyin(t) SVWAP(t))er (T −t)

]
︸ ︷︷ ︸

Buy-In Round Trip Transaction Cost

, (5)

where the position is opened at t = 0 and closed at t = T .
We look at the profits to short selling actual stock and buying synthetic stock

whenever that stock goes on special. Such a strategy would involve 6,086 option
pairs and yield an average profit of $0.1346 per trade. The profit is statistically
significant with a p-value of less than 0.001, and corresponds to $13.46 per
options contract. Thus, the market maker profits, in equilibrium, by providing
these synthetic shorts. In our final section we propose and test a hypothesis on
the reason that this happens.

3.4 Negative stubs

Mitchell, Pulvino, and Stafford (2002; hereafter MPS), and Lamont and Thaler
(2003) document the existence of a phenomenon where specialness and delivery
failure can play an important role. This phenomenon, often referred to as
a “negative stub,” is an apparent mispricing between a parent firm and its
subsidiary in which stock prices imply that a firm’s market value is less than
the value of its ownership stake in a subsidiary firm. In the absence of trading
costs and constraints, this mispricing may indicate an arbitrage opportunity
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where the trading strategy would involve buying the parent’s shares and selling
the subsidiary’s shares short. In our context, each incidence of a negative stub
presents an opportunity to measure changes in our key statistics when the source
of specialness is easily identifiable as the increase in borrowing demand arising
from the negative stub arbitrage.

We compare specialness, delivery failure, and put-call disparity for the sub-
sidiaries across two sets of times: the times when stub values are negative,
and the times when they are not. Starting with the sample of negative stubs
from MPS (2002), we find nine subsidiaries with rebate data, from our prime
broker database, on both negative stub and non-negative stub dates. We see
that specialness is significantly higher when there is a negative stub situation.
Average specialness is 0.76% for stock/days with negative stubs and 0.61%
for stock/days without negative stubs. The difference is statistically significant
with a p-value of 0.013. Similarly, delivery failure is significantly more likely
when there is a negative stub situation. Specifically, delivery failure happens
in 20.06% of the stock/days with negative stubs and 15.45% of the stock/days
without negative stubs. The difference is statistically significant with a p-value
of 0.0007. Within the negative stub sample, we find three subsidiaries with
options data in our cleaned database. In this subsample, the put-call disparity is
significantly higher when subsidiaries have a negative stub situation. Disparity
is 0.0027% for stock/days with negative stubs and 0.0002% without negative
stubs. The difference is statistically significant with a p-value of 0.0048.

These negative stub results reinforce the results above. First, the increase
in specialness indicates that the market is working as we would expect: the
appearance of the negative stub arbitrage boosts demand by short sellers for
loans of the subsidiaries’ shares, thus driving the prices up. Second, the increase
in delivery failure indicates that our data provider exercises its option to fail to
deliver when high borrowing demand makes it more valuable to do so. Finally,
consistent with Lamont and Thaler (2003), the increase in put-call disparity in
the negative stub situations reflects the spread of short-selling costs across the
different channels of short exposure. The results in the negative stub sample are
consistent with what we find in the whole sample, and these situations allow
us to study a sample in which the source of specialness is an easily identifiable
arbitrage opportunity.

3.5 Why aren’t abnormal profits competed away?

What accounts for the equilibrium profitability we document? Why aren’t more
market makers buying these cheap synthetic long positions, bidding them up to
zero profitability? We hypothesize that the clearing corporation handles fails in
a way that favors higher volume market makers, resulting in weaker competition
when stocks grow special.

The hypothesis follows from how the clearing corporation assigns buy-ins. If
a fail must be bought in, this buy-in is assigned to the oldest fail (see Appendix
A). Assuming that a higher volume market maker is more likely to move from
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a short position to flat (or positive) and back again, it is less likely to have the
oldest fail and therefore less likely to be bought in. Thus, we hypothesize that
higher volume market makers, such as our data provider, enjoy a cost advantage
with hard-to-borrow stocks, and that this advantage limits competition to make
markets in the affected options.

In the analysis that follows, we test the hypothesis in several ways. First, we
test whether our data provider delivers an increasing share of short exposure as
specialness increases. If our explanation for the persistence in profitability is
right, we would expect to see this market maker buying more cheap synthetic
long positions, and hedging those positions, when specialness is high. Second,
we test whether competition changes when stocks go on special. If specialness
weakens competition by preventing low volume market makers from posting
competitive quotes, then spreads should widen when stocks go on special.
Third, we test whether low turnover increases the likelihood of buy-ins. If high
volume protects our market maker from buy-ins, then the incidence of buy-
ins should increase when turnover decreases. Similarly, because our market
maker is one of the largest, its buy-in protection should be relatively strong,
so its overall incidence of buy-ins should be relatively light, a hypothesis we
can test in back-of-the-envelope fashion. Fourth, we test whether an increase in
market maker competition squeezes the profitability of put-call parity arbitrage.
We do this by testing for a relationship between the profitability of the put-
call arbitrage and the increased options market competition of multiple listed
options.

3.5.1 Market maker’s share of short interest. In our first test, we look at
the relationship between short interest and specialness. If our market maker
faces lower competition when specialness is high, then its market share of
short exposure, i.e., its total short position as a fraction of economy-wide short
interest, should grow as specialness grows. This would suggest that shorting via
this options market maker, rather than some other way, becomes more attractive
as shorting constraints tighten. Regressing the market share (Market Maker’s
SI)/(Market SI) on Specialness, we find (p-values in parentheses):

(Market Maker’s SI) / (Market SI) = −0.069 + 0.040 ∗ Specialness.
(0.0280) (0.020)

(6)

Market share increases significantly with specialness, indicating that shorting
frictions encourage shorting via this options market maker, and therefore that
shorting frictions impose less cost on this options market maker than on traders
in general.

So this market maker gains short interest market share as specialness grows,
but in principle all options market makers could be gaining short interest market
share. To address competition among options market makers we need a measure
of the current competition to make a market in a stock’s options, and the natural
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candidate is the price charged, the current bid-ask spread. In our second test,
we examine the connection between bid-ask spreads and specialness.

3.5.2 Option market spreads. Option spreads are subject to limits that often
bind.5 The SEC, which sets these limits, finds that quoted spreads are at their
maxima between 21% and 57% of the time (see Securities and Exchange
Commission, 2000; hereafter SEC for details). This is consistent with our
sample; we find 35% of put options and 32% of call options at their maximum
spreads. Thus the relevant measure of spread width is whether it is at the
maximum.

Accordingly, to relate spreads to specialness, we fit a probit model where
the dependent variable IDMax .Spread indicates that both put and call options are
quoted at their maximum spread and specialness is included as an explanatory
variable. The estimation results from the probit model with firm-fixed effects
are as follows (p-values in parentheses):

IDMax. Spread = 1.122 ∗ Specialness − 0.151 ∗ ID#EXCH >1

(<0.001) (<0.001)
− 0.138 ∗ Ln (Volume) + 0.004 ∗ Price
(<0.001) (<0.001)
+ 0.888 ∗ Implied Vol. + 0.086 ∗ IO
(<0.001) (<0.001)
+ 4.041 ∗ Turnover − 0.113 ∗ Ln (Mkt. Cap.) .

(<0.001) (<0.001)

(7)

The probit rejects the null; incidence of maximum spreads increases signifi-
cantly with specialness. Thus the evidence supports the hypothesis that spe-
cialness weakens options market competition.

To have a clean test of this hypothesis, we have to control for other pos-
sible determinants of the bid-ask spread. We focus on the determinants of
option bid-ask spreads shared by at least two of the following four papers:
Battalio, Hatch, and Jennings (2004); De Fontnouvelle, Fishe, and Harris (2003;
hereafter DFH); Mayhew (2002); and Neal (1987). We include a multiple ex-
change listing indicator, ID#E XC H>1, which is one if the option trades on more
than one exchange and zero otherwise.6 In a result that is consistent with the

5 The Securities and Exchange Rule 1014(c)(i)(A) and Advice F-6 prescribe maximum quote spreads for equity
options. The rule establishes maximum widths as follows: $0.25 for options priced between $0.50 and $2, $0.375
for options priced between $2 and $5, $0.5 for options priced between $5 and $10, $0.75 for options priced
between $10 and $20, and $1 for options priced above $20.

6 The multiple exchange indicator is constructed using releases of the Option Clearing Corporation’s Option
Symbol Directory, which lists exchanges (AMEX, CBOE, PHLX, and PCX) for each option. Dates before
October 1998 are assigned the exchange status from the October 1998 directory. After that, dates are assigned
the exchange status of the closest report. Specifically, days before January 15, 1999, are assigned the October
1999 status; days between January 15, 1999, and September 1, 1999, are assigned the April 1999 status; and
days after September 1, 1999, are assigned the January 2000 status.
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previous literature, we find a statistically significant coefficient estimate of
−0.15, indicating that options listed on multiple exchanges have a lower prob-
ability of having quotes at their maximum spread. This result is consistent
with the idea of market competition decreasing the probability of maximum
spreads. Also consistent with the previous literature, our measure of option-
series volume, Ln(Volume), which is the log of the sum of call and put volume
over the previous 22 days, is significantly negative. The coefficient of –0.14
indicates that option volume decreases the probability that an option trades at
its maximum bid-ask spread. Previous literature finds option price to have a
significant positive relationship to bid-ask spreads. We also find a positive rela-
tionship; our measure of options prices, Price, which is the average of bid and
ask prices, has a statistically significant coefficient estimate of 0.004. Options-
implied stock volatility has been a mixed predictor in the options bid-ask spread
previous literature. Table 5 of DFH (2003), for example, generally finds a sig-
nificantly positive relationship between implied volatility and bid-ask spreads
even though Mayhew (2002) finds a negative relationship. Our results are sim-
ilar to the findings of DFH (2003). Using our measure of implied volatility,
Implied Vol., which is the average of put and call implied volatility, we find a
statistically significant coefficient of 0.89, indicating that an increase in implied
volatility increases the probability of quotes at their maximum spread. Overall,
we find the controls largely confirm previous findings on the determinants of
the bid-ask spread, and we find that specialness is an important new predictor
of options being quoted at their maximum spreads.

In addition to controlling for previously known determinants of the bid-ask
spread, we must also ensure that specialness, and not the covariates of spe-
cialness, is driving the result. To this end, we include the three variables most
highly correlated with underlying stocks’ specialness from D’Avolio (2002):
institutional ownership, turnover, and market capitalization. We measure insti-
tutional ownership, or IO, by dividing the number of shares held by institu-
tions in the most recent 13f SEC filings by the number of shares outstanding.
We find that institutional ownership is an important predictor of maximum
spread incidence; we find a statistically positive coefficient estimate of 0.09.
Turnover is a statistically significant determinant of maximum option spread
incidence. Using our measure of turnover, which is defined as the previous
month’s average daily stock market volume divided by the previous month’s
shares outstanding, we find a statistically positive coefficient estimate of 4.04.
We find that the natural log of market capitalization has a negative effect on
the incidence of maximum spreads. In particular, the statistically significant
coefficient of –0.11 indicates that larger stocks are less likely to have options
quoted at their maximum spreads. Even though these measures are statistically
related to the maximum spread incidence, they are not driving the result; after
controlling for these covariates of specialness, the statistically positive coeffi-
cient of 1.12 supports the hypothesis that specialness weakens options market
competition.
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Table 6

Market competition and implied stock prices

Variable Estimate

Intercept −0.007∗∗∗ −0.007∗∗∗ −0.002
(0.002) (0.002) (0.001)

Specialness 0.060∗∗∗ 0.065∗∗∗ 0.116∗∗∗
(0.0030) (0.003) (0.007)

Specialness*IDD AT E>AU G99 −0.026∗∗∗
(0.006)

Specialness*ID#E XC H>1 −0.076∗∗∗
(0.008)

Moneyness 0.006∗∗∗ 0.006∗∗∗ 0.004∗∗∗
(0.001) (0.001) (0.001)

Time-to-maturity 0.000∗∗∗ 0.000∗∗∗ 0.000∗∗
(0.000) (0.000) (0.000)

R2 0.155 0.155 0.165
Number of observations 84,915 84,915 58,804

This table presents estimates from a panel regression of the following form: � j,t = a + bSpecialness j,t +
c Moneyness j,t + d Time - to - Maturity j,t + e j,t . � j,t is the put-call disparity of stock j on day t . Specialness j,t

is the difference between the general rebate rate on day t and the specific rebate rate for a stock j on day t .
Moneyness j,t is the price of stock j on day t divided by the strike price of the option pair. Time-to-Maturity is
the number of calendar days to expiration of the option. The second and third specifications include indicator
variables that test the relationship between options market competition and put-call disparity. IDD AT E>AU G99
is an indicator that takes the value of one for dates after August 1999. ID#E XC H>1 is an indicator that takes
the value of one for options trading on multiple exchanges. The sample and fixed effects are described in Table
4. The asterisks denote statistical significance as follows: ∗∗∗ significant at 0.1%, ∗∗ significant at 1%, and ∗
significant at 5%. Standard errors are included in parentheses.

3.5.3 Turnover and buy-in protection. The third test of the hypothesis that
turnover gives large market makers a cost advantage by protecting them from
buy-ins is an examination of whether this advantage dissipates when volume
drops. That is, we can test whether our data provider’s probability of being
bought in increases as option turnover declines. We do this by fitting a probit to
the sample of all failing stocks, where the dependent variable IDBuy-in indicates
whether (1) or not (0) the position is bought in, and the explanatory variables
are Option Turnover (the average daily put and call volume over open interest)
along with other variables associated with buy-ins. Estimation results are as
follows (p-values in parentheses):

IDBuy-in = −3.367 ∗ Intercept − 0.287 ∗ Option Turnover
( <0.001) (0.035)
+ 0.330 ∗ Specialness + 0.082 ∗ Log (SI)
( <0.001) (0.061)
− 0.353 ∗ Log (Shares) − 0.041 ∗ SD + 4.240 ∗ IDPrice< $5.

( < 0.001) (0.086) ( < 0.01)

(8)

We find that turnover is significantly negative, as predicted: the less op-
tions turn over, the more the position is bought in.7 To control for factors

7 The option turnover variable is used to test the hypothesis that lowering the age of delivery failure lowers the
position of the market maker on the list of buy-in allocations. The hypothesis predicts a negative coefficient.
Consequently, the p-value for option turnover is from a 1-sided test.
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other than turnover that may influence the probability of a buy-in, we in-
clude several additional variables. We include monthly short interest, log(SI),
the number of shares outstanding, log(Shares), the standard deviation (SD)
of daily returns over the previous 6 months, and the indicator variable
IDPrice<$5, which takes the value of 1 if the share price is below $5 and 0
otherwise.

Furthermore, we can see directly that our data supplier experiences an ab-
normally low incidence of buy-ins on its fails. On the average day, across the
502 sample trading days, this large market maker is failing on 4.4 shares. This
is about 1.75% of the ∼250M fails on all NYSE/AMEX/NASDAQ stocks on
the average day, in Boni (2006) (see Figure 1 of that paper). In Table 2 we
see that our market maker experienced 86 buy-ins across the 502 days, or
about 1/6 buy-in per day. If this is about 1.75% of buy-ins, we should see about
10 buy-ins per day. But the DTCC reports more than 4,300 buy-in notices per
day,8 and the fraction of notices that result in buy-ins is presumably greater
than 1/430. Thus our data provider’s fails appear relatively unlikely, compared
to other traders’ fails, to beget buy-ins.

3.5.4 Multiple listing and competition. The final test of our explanation for
persistence in put-call parity arbitrage is whether increasing competition gen-
erally reduces put-call disparity. We focus on a natural experiment. In August
1999, the Chicago Board Options Exchange, the American Stock Exchange,
the Philadelphia Stock Exchange, and the Pacific Exchange all began listing
options that had been exclusively listed on competing exchanges, and as DFH
documents, this succeeded in increasing competition to make markets. Thus, if
a lack of market making competition is indeed behind the market misalignment
found above, the incidence of disparity should decrease across August 1999.
We construct two measures of competition: an indicator of dates after August
1999, and a stock-specific measure of multiple exchange listing. We present
estimates from a regression of put-call disparity on these competition mea-
sures and other control variables. We find a statistically negative coefficient of
−0.026 on the marketwide measure and therefore reject the null that an increase
in market making competition did not decrease put-call disparity. Similarly, we
find a statistically negative coefficient of −0.076 on our stock-specific measure
of multiple listing, which is also consistent with multiple listings decreasing
put-call disparity. Although this evidence does not set our data supplier apart
from other market makers, the multiple listing results are further evidence that
reduced competition among options market makers allows put-call disparity to
persist.

8 This figure represents only the notices transmitted via the DTCC’s Participant Exchange service; see
“DTCC Will Automate and Streamline Buy-In Notification for Securities,” a DTCC press release, at
http://www.dtcc.com/PressRoom/2005/buyin.html.
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4. Conclusion

We show that the option to fail is significant to both the trading and pricing
of equity options. We show that it is often in the money, and that when it is,
market makers profit and so do their customers. The profit to market makers
is puzzling, considering their competitiveness, but we resolve this puzzle by
documenting limits to competition in options on hard-to-borrow stocks, and
tracing these limits to the clearing corporation’s rules for assigning buy-ins.

The popularity of failing and the price improvements it provides short sellers
encourage us to step back and consider the economic case for delivery. De-
livery provides 100% insurance to both sides of a trade; by exchanging cash
for securities, traders eliminate 100% of their mutual exposure. One hundred
percent insurance is unambiguously optimal when it is free, but not when it
is costly, so the search for efficiency should bring traders to a mechanism for
buying less insurance at a lower price when delivery is costly. This appears to
be what they get by failing and margining through the clearing corporation. So,
although failing may sound mischievous or abusive, both our results here and
basic economic reasoning indicate that its role is positive.

The SEC has taken a cautious approach by introducing its new regulation
SHO, which strengthens delivery requirements for “threshold securities,” those
with substantial current fails. Its effect on large market makers such as our
data provider is likely small, since their hedging trades are still exempt from
the locate requirement, and their fails do not age much (see Boni, 2006, for
a complete description of the regulation), but it has the potential to alter the
cost of short exposure, so its impact is an important new empirical question.
Fortunately the lists of threshold securities are public, so proprietary data may
not be necessary to answer it.

Appendix A: The Details of Short Selling and Delivery

Short sellers sell stock they do not own. In the United States, exchange proce-
dure generally requires short sellers to deliver shares to buyers on the third day
after the transaction (t + 3).9 Short sellers typically borrow stock and use the
proceeds from the sale as collateral for the loan. Additionally, regulators and
brokerages impose varying margin requirements on short positions. To close,
or cover, the position, the short seller buys shares and returns the shares to the
lender.

A.1 Borrowing and rebate rates

Typically, a short seller borrows shares from her broker. The proceeds from the
short sale are used as collateral for the stock loan. The collateral earns interest,
and the broker returns some of the interest to the short seller. The interest rate

9 See Bris, Goetzmann, and Zhu (2004) for a description of short selling in other countries.
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the short seller earns is known as the rebate rate. Rebate rates are generally
lower for smaller investors, but for a given investor, lower rebate rates indicate
more expensive loans. The majority of loans are cheap, but there are a few
expensive loans in stock specials.10

Specials tend to be driven by episodic corporate events resulting in arbitrage
opportunities for short sellers (see Geczy, Musto, and Reed, 2002; or D’Avolio,
2002; for examples). Well-placed investors, such as hedge funds, will be able
to borrow stock specials and will earn the reduced rebate.

A.2 Short selling when borrowing is difficult

Exchange rules require most market participants to demonstrate that they can
obtain hard-to-borrow shares before they short sell.11 Market makers require
an affirmative determination of borrowable or otherwise attainable shares. In
market parlance, the short seller needs a “locate” before short selling. However,
there is an exception to the rule. An example is NASD’s rule 3370(b), which
exempts the following transactions from the affirmative determination require-
ment: “. . . bona fide market making transactions by a member in securities in
which it is registered as a NASDAQ market maker, to bona fide market maker
transactions in non-NASDAQ securities in which the market maker publishes
a two-sided quotation in an independent quotation medium, or to transactions
which result in fully hedged or arbitraged positions.”

A.3 Fails and buy-ins

If the short sale is made on day t , the short seller’s clearing firm generally deliv-
ers shares on day t + 3. However, the National Securities Clearing Corporation
(NSCC) procedures state that “each member has the ability to elect to deliver
all or part of any short position.”12 If a clearing firm decides to deliver less than
the full amount of shares to its buyers, the firm is failing to deliver shares.

If the clearing firm fails, the best-case scenario for the short seller is for
the buyer’s broker to allow the fail to continue as long as the short position is
open. In this case, the short seller’s cost of short exposure is the lost interest
on the transaction amount. When borrowing shares, the short seller would also
lose the full interest income on his collateral in the case of a zero rebate rate.
Economically, a failed delivery is the same as delivery of borrowed stock at a
zero rebate rate as long as the buyer’s broker allows the fail to continue.

10 Fitch IBCA’s publicly available report “Securities Lending and Managed Funds” estimates that the industry
average spread from the fed funds rate to the general collateral rate on U.S. equities is 21 bps.

11 During our sample period, NYSE Rule 440C and NYSE Information Memorandum 91–41 require affirmative
determination (a “locate”) of borrowable or otherwise attainable shares for members who are not market makers,
specialists, or odd-lot brokers in fulfilling their market making responsibilities. Similarly, NASD Rule 3370 and
NASD Rules of Fair Practice, Article III, Section 1, Interpretation 04 Paragraph (b)(2)(a) (See SEC Release
No. 34–35207), and Securities Exchange Act Release No. 27542 (AMEX) require affirmative determination of
borrowable shares during the period treated in the paper (SEC Release No. 34–37773).

12 NSCC Procedures, VII.D.2.
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Figure 1

Settlement and buy-in timing.

Delivery status as a function of trading date. The nodes represent possible delivery outcomes. The horizontal
axis represents the minimum number of trading days required to reach each outcome.

In the worst-case scenario, the buyer’s broker insists on delivery by filing a
notice of intention to buy in with the NSCC at t + 4 in accordance with NSCC’s
Rule 10.13 The notice is retransmitted from the NSCC to the seller’s broker
on t + 5, and the seller has until the end of day t + 6 to resolve the buy-in
liability. If the seller does not resolve the liability, a “buy-in” occurs: the buyer
purchases shares on the seller’s account to force delivery.14 If her position is
bought in, the seller may then sell short again to establish the short position.
In this case, the short seller will pay the execution costs of the buy-in and the
following short sale every 6 days.15 Figure A1 shows the sequence of events in
each scenario.

The NSCC allocates buy-ins across clearing firms, and clearing firms allocate
buy-ins across clients. Failing clients can protect themselves against buy-ins at
both levels. In the first stage, the NSCC ranks clearing firms according to the
date of failed deliveries, and the NSCC allocates buy-ins to the clearing firms

13 The Securities and Exchange Commission’s Customer Protection Rule requires clearing firms to possess shares
in fully paid accounts. Clearing firms may attempt to acquire shares to be in compliance with the SEC’s rule.

14 The seller’s clearing firm buys shares in a buy-in for NYSE and AMEX stocks; the buyer’s clearing firm buys in
shares of NASDAQ stocks.

15 NASD Rule 11810(c)(1)(B) gives buyers the option to buy guaranteed delivery shares, and there have been
complaints regarding the purchase price of guaranteed shares. A limited supply of guaranteed delivery shares,
combined with the transparency of the underlying purpose for the purchase, may inflate prices. Second, according
to NASD Regulation’s general counsel Alden Adkins in Weiss (1998), “There are no hard and fast rules dictating
the prices at which buy-ins can take place. But [Adkins] says the prices must be ‘fair’—and that the person who
sets the price must be prepared to defend it.”
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with the oldest failed delivery first.16 As a result, clearing firms that frequently
change from short to long net positions are less likely to be bought in.

Once the NSCC allocates buy-ins to a clearing firm, that clearing firm must
allocate buy-ins among its clients. Clearing firms have discretion over this
second stage of the selection decision, and, unlike the first stage, there are no
marketwide rules.

Anecdotal evidence suggests that clearing firms use their discretion; they
allocate a disproportionately small number of buy-ins to protected clients.

Appendix B. Risk-Free Interest Rates

We construct a database of daily risk-free interest rates using Federal Reserve
1-, 7-, 15-, 30-, 60- and 90-day AA financial commercial paper discount rates,
which we convert to bond-equivalent yields.17 The risk-free rate corresponding
to option maturity is calculated by linearly interpolating between the two closest
interest rates. For example, the risk-free rate for an option with a maturity of
6 days would be calculated by linearly interpolating between the 1-day and the
7-day discount rates.

The method of linear interpolation is an approximation to the true term
structure, and the error inherent in the approximation is greatest for near-term
maturities. By using the rates on commercial paper, the error is minimized
relative to rates on treasury bills or other fixed-income instruments that are
only reported for greater maturities. As a check on our procedure, we also
calculate the risk-free rate with daily GOVPX data on treasury bills using a
procedure similar to that of Bakshi, Cao, and Chen (1997). The correlation
coefficient between the 3-month AA financial commercial paper rate and the
3-month treasury bill rate reported by the Federal Reserve is 0.98. As a further
check, we regress our 3-month commercial paper rate on the Federal Reserve’s
3-month T-bill rate from September 1997 to August 2001. The intercept is
not significantly different from zero, the slope is statistically significant (the
coefficient is 0.90), and the R2 is 0.95.

16 This description provided here is a slight simplification of the actual procedure. For a more specific example of
what really happens, assume that N + 0 represents the date the Buy-In Notice is filed. Filing such a notice will
give the firm higher priority in settlement on the first business day after filing, N + 1, and on the second business
day after filing, N + 2, if the long position remains unfilled. On date N + 1, if the position remains unfilled, NSCC
submits “retransmittal notices” to the firm(s) with the oldest short position in the buy-in stock. These notices
specify the buy-in liability for the short firm and the name of the long firm instigating the buy-in. “If several
firms have short positions with the same age, all such members are issued retransmittal motices, even if the total
of their short positions exceeds the buy-in position.” Once they receive the retransmittal notice, other settling
trades may move them to a flat or even a long position in the stock but do not exempt them from their buy-in
liability. The short firm has until the end of day N + 2 to resolve their buy-in liability. Before the retransmittal
notice is received, a buy-in liability is removed once a net long position of sufficient size is established.

17 Bond Equivalent Yield = (Discount/100)(365/360)/(1-(Discount/100)(Time to Maturity/360))
This is equivalent to the yield formula reported in the Wall Street Journal and is commonly used in option markets
and for debt instruments with maturities of less than 1 year.
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