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ABSTRACT

THREE ESSAYS ON NAKED SHORT SELLING AND FAILS-TO-DELIVER
John W. Welborn, Ph.D.
George Mason University, 2013
Dissertation Director: Dr. Thomas Stratmann

This dissertation consists of four chapters that investigate the causes and
consequences of fails-to-deliver (FTDs) in U.S. stock markets. In Chapter 1, I present a
brief history of U.S. trade settlement institutions. In Chapter 2, I analyze the effects of
eliminating a market making exception to timely close-out requirements on FTDs and
stock borrow rates. In Chapter 3, I show that amendments to SEC short sale rules reduced
common stock FTDs but did not prevent large and persistent FTD positions in exchangetraded funds (ETFs). Further, positive changes to ETF FTDs Granger-cause higher
market index volatility. In Chapter 4, I find that high FTD stocks experience abnormal
negative returns, and thus high FTDs indicate a nonbinding short sale constraint.
In Chapter 2, I investigate the consequences of eliminating the Options Market
Maker Exception to SEC Regulation SHO (the “Exception”). Until 2008, options market
makers that engaged in bona fide market making were exempt from locate and certain
close-out requirements for short sales. The Exception applied only to short sales that

qualified as bona fide hedges of options positions that were established before a stock
went on the Regulation SHO Threshold List. I test the hypothesis that eliminating the
Exception reduced the incentive to naked short sell stocks through the options market. I
compare data from the second and fourth quarters of 2008. Consistent with my
predictions, I find that eliminating the Exception led to fewer FTDs and higher stock
borrow rates for optionable stocks as compared to non-optionable stocks. Further,
removing the Exception reduced optionable stock FTDs when the price of borrowing
stock was high. Finally, options market trading volume declined after the Exception was
eliminated.
In Chapter 3, I investigate the determinants of ETF FTDs. ETF trading volumes
have increased over the last decade, and so have unsettled ETF trades at the clearing
corporation. ETF FTDs are large and persistent despite SEC rules that require timely
close-out. I document positive relationships between ETF FTDs and short sale volume,
stock borrow costs, put option open interest, and quarterly index options expiration
(“triple witching”) dates. These findings are consistent with the hypothesis that market
makers fail to deliver to avoid borrowing costs associated with short sales. I also
document a positive relationship between short sale demand and changes to ETF shares
outstanding. I then find that positive changes in aggregate ETF FTDs Granger-cause
higher market index volatility. This is because market makers are required to buy or
borrow stock to close-out ETF FTD positions by trade date plus six days (“T+6”).
In Chapter 4, I analyze the relationship between high FTDs and stock returns. The
academic short sale literature views FTDs as evidence of binding stock lending

constraints, and stocks with FTDs may be overpriced because short interest is below
equilibrium levels. Conversely, high short interest stocks with nonbinding short sale
constraints experience abnormal negative returns. This is because informed short sellers
are willing to pay extra to short. I find that high FTD stocks from the Russell 3000 Index
experienced abnormal negative returns from 2004 through 2008. I obtain this result in
both an event study and a portfolio returns analysis using Fama-French factors. Thus,
high FTDs are evidence of a nonbinding short sale constraint that does not restrict
informed short selling because high FTD stocks, similar to high short interest stocks,
experience abnormal negative returns. While this research does not determine whether
FTDs depress stock prices, it demonstrates that high FTD stocks are not overpriced.
Additional support for this finding comes from the fact that short interest and FTDs are
highly correlated.

1. A BRIEF HISTORY OF TRADE SETTLEMENT

1.1Introduction
Physical stock certificates are an anachronism in modern stock markets. The trade
in electronic securities via a central clearinghouse promotes liquidity and efficiency and
reduces risk. This intermediation, however, negates the stock market's natural ability and
incentive to self-regulate when trades fail to settle as expected. This dissertation explores
the causes of what are called fails-to-deliver (FTDs), and how those FTDs affect market
volatility and stock returns.
Trade settlement is not instantaneous. Stock transfers are delayed by layers of
trade netting within the brokers and at the clearinghouse. Net settlement increases
efficiency but reduces accountability insofar as failed trades are not traceable to their
origin. Settlement failures are documented as anonymous debits at the clearinghouse, and
counterparties have neither the information nor the incentive to force settlement.
Oversight of prompt and accurate trade settlement falls to securities regulators and selfregulatory organizations (SROs).
Trade settlement is topical given recent Securities and Exchange Commission
(SEC) attention to the relationship between short selling and FTDs. Short selling is legal
and helps to ensure liquidity and efficient price discovery by moderating asset prices. In a
covered short sale, a short seller borrows stock from a lender in exchange for collateral,
sells that stock into the market, and hopes to buy back the same quantity of stock later, at
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a lower price. A naked short sale occurs when a short seller does not locate or borrow
shares. If the naked short seller does not borrow the stock by trade date plus three days
(“T+3”), then an FTD may occur.
I explore new data from the SEC Freedom of Information Act (FOIA) Office on
FTDs in the U.S. stock market. I find evidence that most FTDs are neither random nor
inconsequential. Further, I find that SEC regulations designed to reduce and prevent
settlement failures were undermined by market making exceptions. I also show that high
levels of FTDs Granger-cause market index volatility and predict abnormal negative
returns.
I begin with a short history of U.S. trade settlement institutions, and in
subsequent chapters, I focus on distinct but related aspects of the FTD issue. In Chapter
1, I analyze the effects of eliminating an options market maker exception to timely closeout requirements on FTDs and stock borrow rates. In Chapter 2, I show that 2008
amendments to short sale rules reduced fails in common stocks but led to higher fails in
ETFs. Furthermore, positive changes to ETF FTDs Granger-cause higher market index
volatility. In Chapter 3, I find that FTDs represent a nonbinding short sale constraint, and
stocks with high fails subsequently experience abnormal negative returns. I close with
policy recommendations and suggestions for future research.

1.2TheSecuritiesExchangeActof1934
The Securities Exchange Act of 1934 was motivated by a desire “to insure the
maintenance of fair and honest markets” (73rd Congress, 1934, p. 881). There is evidence
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that manipulation of the stock issuance process contributed to the market volatility that
preceded the 1929 stock market crash (Flynn, 1934). The 1933 Pecora Investigation,
which led to creation of the SEC, concluded that stock “pool” operators had used
“unsavory and unethical methods employed in the flotation and sale of securities” to
manipulate stock prices (Fletcher, 1934).
There is anecdotal support for the Pecora Commission’s claims. At the turn of the
century, the stock speculator Daniel Drew battled with Cornelius Vanderbilt over control
of the Harlem and Erie Railroads by issuing unregistered securities and selling short
stock that he had not borrowed. Drew famously quipped, “He who sells what isn’t his’n,
must buy it back or go to pris’n” (White, 1910, p. 3). Similarly, Alan Ryan, Chairman of
Stutz Motor Car, battled with so-called “bear raiders” who sold millions of Stutz shares
that they had not borrowed or did not own (Brooks, 1969).
Drew and other stock speculators of the era understood that trade settlement is
not instantaneous. In markets for fungible goods, like stock, trade is often facilitated by a
clearing house that anonymizes the buyer–seller relationship. This intermediation
encourages efficiency and liquidity because the clearinghouse reduces transaction times
and assumes counterparty risk. Such intermediation, however, may reduce transparency
and accountability. Trade settlement failures can occur as a result. Short selling may
exacerbate settlement problems because short sellers do not own the stock they sell. The
1934 Act did not, however, specifically address problems associated with naked short
selling or trade settlement.
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1.3WallStreetandtheBackOfficeCrisis
The “Back Office Crisis” of the late 1960s compelled Wall Street firms and the
SROs to address trade settlement problems. Starting in the summer of 1967, the volume
of trading on the New York Stock Exchange (NYSE) and the American Stock Exchange
(AMEX) far exceeded the capacity of brokerage firms’ clerical staff to process related
paperwork. This paperwork backlog was serious enough that at least one brokerage firm
was forced to close. By January 1968, aggregate trade “fails” had increased by 93 percent
(Columbia Law Review, 1969).
Securities regulators voiced their concerns publicly. SEC Commissioner Hugh F.
Owens remarked that the “fails situation” could cripple market liquidity and “seriously
threaten our whole economy” (Owens, 1968). A February 1969 memo to Ken Cole,
President Nixon’s aide, from Paul W. McCracken, Chairman of President Nixon’s
Council of Economic Advisors, shows that concerns reached the Executive level.
McCracken writes, “It is our judgment that there is a substantive problem here…I
recommend that we have a discussion of the matter at a meeting of the Cabinet
Committee on Economic Policy” (McCracken, 1969).
To address the crisis, the exchanges closed every Wednesday and settlement was
extended to trade date plus five days (“T+5”). Securities dealers at the time considered a
range of solutions to the back office problem that would penalize firms who fail. In a
“mandatory buy-in,” a broker with a fail-to-receive (FTR) must, rather than waiting for
delivery, buy stock at the current market price and bill the owing firm for the shares not
delivered. Another solution would impose net capital penalties on broker–dealers with
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outstanding fails. A third proposal would have severely limited the trading abilities of
firms with high fails (Columbia Law Review, 1969).
These proposed punitive solutions did not address the main cause of the backlog,
which was direct settlement in paper certificates. To address inefficiencies associated
with paper settlement, NYSE members founded the Central Certificate Service (CCS) in
June of 1968. The CCS had two clear advantages over paper settlement. First, the CCS
held all stock certificates in a central location and noted ownership transfers using book
entries. Second, the CCS automated the trade clearing process electronically with punch
cards. Nevertheless, participation in the CCP was voluntary and success was initially
limited (Benn, 2002). Eventually, wider CCS participation led to creation of the
Depository Trust Company (DTC) in 1973 (DTCC, 2012).
In the Securities Act Amendments of 1975, Congress required universal adoption
of “immobilization” in the clearing system. By ending the practice of physical certificate
transfer, the Amendments were designed “to foster the development of a national
securities market system and a national clearance and settlement system” (94th Congress,
1975). The National Securities Clearing Corporation (NSCC) was founded in 1976 to
provide clearing, settlement, and central counterparty risk services. While physical stock
was held “immobilized” in the DTC, the NSCC aggregated order flow and generated
instructions for net changes in DTC accounts at the end of each trading day through a
process known as “multilateral netting” (Donald, 2007).
Though efficient, multilateral netting did not prevent fraud and market
manipulation associated with intentional FTDs. The limitations of self-regulation in
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preventing settlement fraud were evident in the Naftalin case. In 1971, the SEC ordered
public hearings against Naftalin and Company, Inc., a registered broker–dealer, and its
president, Neil T. Naftalin. The SEC alleged that Naftalin executed sell orders for stock
that he did not own and could not deliver to a counterparty, Merrill Lynch, Pierce, Fenner
and Smith.
In 1973, an administrative law judge found that Naftalin committed fraud by
executing long sales of stock that were actually short sales, and delayed settlement
indefinitely under false pretenses. Naftalin’s conduct was revealed when the prices of the
securities involved began to rise, at which time he notified the counterparties that he
could not make delivery. For the broker–dealers waiting for delivery from Naftalin, the
cost of buying-in securities on the open market to settle the trades was over $1.2 million.
Naftalin’s registration as a broker–dealer was revoked and he was barred from the
securities industry for life (SEC, 1973).
Naftalin was convicted in United States District Court for the District of
Minnesota on eight counts of employing a scheme to defraud in the offer or sale of stock
in violation of section 17(a)(1) of the Securities Act of 1933 and sentenced to five years
imprisonment. Naftalin appealed the District Court’s decision on the grounds that the
fraud had occurred between brokers and not investors whom the 1933 Act was designed
to protect. The United States Court of Appeals, Eighth Circuit, agreed and vacated the
District Court Decision (8th Circuit, 1972).
In 1979, the U.S. Supreme Court agreed to hear United States v. Neil T. Naftalin.
The Supreme Court found that section 17(a)(1) of the 1933 Act applied to brokers and
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investors alike and reversed the Appeals Court decision. The criminal conviction against
Naftalin for fraudulently selling short and intentionally failing to deliver stood.

1.4ContinuousNetSettlementandthePollackReport
The 1970s settlement institutions were designed to eliminate the costs and risks
from lengthy delivery failures like those uncovered in the Naftalin case. Every day,
NSCC aggregates trade data and provides settlement instructions to the DTC, where
electronic stock transfers occur. The NSCC organizes this aggregation process through
the Continuous Net Settlement (CNS) system. Through CNS, the NSCC effectively
“steps in between two parties to a trade and nets each party’s obligation to trade over
multiple trades, so that each obligation to receive or deliver, and an obligation to deliver
or receive, can be combined together into one” (Sirri, 2007).
CNS helps to provide liquidity when there are occasional or temporary problems
with trade settlement. If a broker fails to deliver stock by T+3, the NSCC allocates that
FTD to a different broker–dealer using a random distribution algorithm. The DTC
account that did not receive securities because of this allocation will have a net fail-toreceive (FTR) position. The broker who has failed to receive will nonetheless credit the
securities positions to his customer accounts. Additional liquidity comes from the Stock
Borrow Program (SBP), which allows NSCC firms to loan shares automatically from
DTC accounts in the event of a CNS fail. CNS and the SBP preclude identifying or
tracking which specific brokers fail to deliver or receive.

7

The anonymity of CNS may open up the settlement system to abuse by preventing
counterparties from self-regulating settlement failures. Regulators have voiced concerns
regarding CNS for decades. In 1985, the National Association of Securities Dealers
(NASD) commissioned Irving M. Pollack, a securities law expert and former SEC
Commissioner, to conduct a comprehensive review of short selling in NASDAQ
securities. Pollack (1986) concluded that better institutions were needed to guarantee
prompt close-out of short sales.
Pollack (1986) observed that, while CNS had substantially increased efficiency,
the system effectively insulated the clearing corporation and brokers from the costs
associated with FTDs and FTRs. Thus, CNS did not prevent FTDs and FTRs from
increasing without limit and permitted some brokers to postpone delivery indefinitely
(Pollack, 1986, p. 50). Pollack (1986) warned that FTDs and FTRs could therefore cause
serious difficulties in a lengthy bear market. “The fact that there is no automatic
mechanism preventing the substantial buildup of short positions at the clearing
corporation and of fails to receive in brokerage firms carries the potential for serious
problems, particularly in the event of crisis market conditions (Pollack, 1986, p. 69). The
phrase, “short positions at the clearing corporation” refers to fails-to-deliver.

1.5SECRegulationSHOandregulatorypositionsonFTDs
CNS’s inability to moderate FTDs became clear during the dot-com bust of the
early 2000s. In 2003, the SEC requested comment on proposed regulations “to address
the problem of ‘naked’ short selling” (SEC, 2003a). The SEC received comments from a
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wide range of market participants, including industry professionals and retail investors
(SEC, 2003b). The final short sale rule, Regulation SHO, was passed in August 2004 and
became effective in January 2005.
Regulation SHO was meant to update short sale regulation and establish “uniform
‘locate’ and ‘close-out’ requirements in order to address problems associated with
failures to deliver” (SEC, 2005). Exceptions to these short sale requirements, however,
undermined Regulation SHO’s ability to reduce FTDs. The Grandfather Clause exempted
all pre-existing FTD positions, and a market making exception allowed options market
makers to delay settlement for the purpose of bona fide market making. Regulation SHO
was largely ineffective as a result, and FTDs actually increased from 2005 through 2008
(OEA, 2008 and 2009).
During this time, the SEC maintained publicly that intentional naked short selling
that led to delivery failures was rare. The SEC Division of Market Regulation stated that
FTDs may result from either a short or a long sale, and human errors and processing
delays may produce unintentional FTDs. The Division of Market Regulation
acknowledged that FTDs may result from naked short selling, but “naked short selling is
not necessarily a violation of the federal securities laws or the Commission's rules” unless
it is intentional (SEC, 2005).
The DTCC voiced similar skepticism regarding the connection between naked
shorting in settlement failures. The DTCC maintained that legitimate factors may prevent
member firms from making timely delivery to the NSCC on the settlement date. These
factors include customer delays, illiquidity in the stock lending market, and title transfer
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delays. The DTCC also claimed that inaccurate use of FTD data “reflects a conscious
attempt to mislead the investing public and undermine confidence in the workings of our
capital markets” (DTCC, 2006).
These public positions were challenged by a series of securities enforcement cases
that revealed misuse of the options market maker exception to Regulation SHO (AMEX,
2007c and SEC, 2009b and 2011). In 2008, the SEC imposed a temporary pre-borrow
requirement for short sales in the stocks of 19 primary dealers out of concern that naked
short selling would exacerbate a burgeoning financial crisis. The SEC also temporarily
banned short selling in financial stocks.

[Short] sellers sometimes intentionally fail to deliver securities as part of a scheme to
manipulate the price of a security, or possibly to avoid borrowing costs associated with
short sales, especially when the costs of borrowing stock are high…large and persistent
fails to deliver may deprive shareholders of the benefits of ownership, such as voting and
lending…Moreover, sellers that fail to deliver securities on settlement date may attempt
to use this additional freedom to engage in trading activities to improperly depress the
price of a security (SEC, 2009a, pp. 5–7).

Out of concern for naked short selling, the SEC amended Regulation SHO in 2008 and
2009 to impose stricter settlement standards.
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2. THE OPTIONS MARKET MAKER EXCEPTION TO SEC REGULATION
SHO

2.1Introduction
Trading in the U.S. stock market is shaped by myriad rules and institutions that
govern the conduct of market participants. These rules not only set boundaries on trading
but also create opportunities for novel trading strategies designed to lower costs and
increase profits. Thus, the stock market provides an excellent opportunity to study the
economic incentive effects associated with institutional change.
An important area of securities regulation concerns the clearance and settlement
of trades. In the U.S. stock market, trade settlement does not occur on the date of the
trade. While cash and securities in customer accounts are generally credited or debited
instantly, actual share transfers are delayed through a netting process that allows broker–
dealers and the clearinghouse to offset transactions among multiple counterparties.
When one party does not deliver shares to the clearinghouse by the trade date plus
three days (“T+3”), a settlement failure occurs. This “fail-to-deliver” (FTD) is
documented as a delivery obligation in the clearinghouse account of the broker–dealer
that executed the trade. The stock settlement system accommodates settlement failures to
promote market liquidity.
Regulations established by the U.S. Securities and Exchange Commission (SEC)
require delivery of shares for long and short sales. Delivered shares, long or short, result
in a change in “beneficial ownership” while naked short sales do not. To ensure prompt
trade close-out and reduce settlement failures from short sales, the SEC enacted
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Regulation SHO in 2005. Regulation SHO incorporated and formalized some concepts
found in older rules governing short sales and settlement. These rules evolved through
rule-making by the self-regulatory organizations (SROs). SROs are U.S. stock exchanges
like the New York Stock Exchange (NYSE) and NASDAQ.
Regulation SHO strengthened an SRO Exception from trade locate and close-out
requirements for market makers engaged in bona-fide market making. The Exception
allowed options market makers to delay delivering shares sold short in connection with
hedging activities. The Exception applied only to shorting that served market liquidity.
This Exception to the close-out requirement for optionable stocks was eliminated
in September 2008. The repeal was due in part to complaints by some market participants
that short sellers took advantage of this “loophole” in the rules to build artificially large
synthetic short positions through the options market.1 Other commenters were concerned
that market makers unnecessarily incurred more FTDs than necessary to ensure market
liquidity. Finally, the SEC was concerned about abuse in the form of circumventing short
sale delivery requirements, a practice exposed in the 2007 Arenstein disciplinary
decisions by the American Stock Exchange and the Financial Industry Regulatory
Authority (FINRA).2
The SEC and FINRA have since brought numerous disciplinary actions against
options market makers (OMMs) for naked short selling and failing to deliver in

1

Comments on Amendments to Regulation SHO, SEC, http://sec.gov/comments/s7-19-07/s71907.shtml.
“American Stock Exchange Announces Two Disciplinary Actions for Violations of Regulation SHO
Short Sale Rules,” http://www.prnewswire.com/news-releases/american-stock-exchange-announces-twodisciplinary-actions-for-violations-of-regulation-sho-short-sale-rules-52788882 html.
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connection with market making that is not bona fide.3 For example, the SEC (2012)
outlines how one options market maker used complex conversion trades to satisfy
demand for hard to borrow securities. The buyers of the conversions were “large prime
brokers,” a division of large broker–dealers that services hedge funds and institutional
clients. These prime brokers obtained scarce stock that “command[ed] large fees in the
stock loan market” (SEC, 2012, pp. 3–4).
My economic model predicts that the removal of the Exception raised costs for
OMMs who hedged long options positions with short positions in the underlying equity
markets. This is because the Exception allowed OMMs who had sold short without
borrowing stock, and who had failed-to-deliver, to avoid close-out. Economic theory
predicts that lower marginal costs due to naked shorting reduced options prices,
consequently lowering the price to short through options as opposed to the stock loan
market. Thus, theory predicts that higher shorting costs for OMMs reduced the incentive
for short sellers to use the options market for shorting as opposed to the stock lending
market.
The different treatment of optionable versus non-optionable stocks, coupled with
the fact that the regulation was changed, offers a unique opportunity to test the effects of
a financial regulation on trading behavior. I hypothesize that eliminating the Exception
increased the cost of shorting optionable stocks and thus reduced FTDs relative to nonoptionable stocks. I further predict that, because the Exception gave short sellers an
incentive to short through the options market instead of the stock loan market, the

3

Disciplinary actions include SEC (2009b), ISE (2011), NASDAQ (2011), and NYSE AMEX (2011).
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elimination of the Exception yielded higher borrow prices for optionable stock relative to
non-optionable stock in the stock loan market. This is because higher demand for short
selling through the equity market means that there is more demand for borrowing stock.
I test my hypotheses about FTDs and stock borrow costs using a difference-indifference framework. I identify the effects of eliminating the Option Market Maker
Exception by exploiting its different effect on optionable and non-optionable stocks both
before and after the rule change in 2008. While this research explores data and concepts
unique to finance, the analysis is rooted in economics. This is because I analyze the
sensitivity of trading behavior to changes in economic incentives.
My research is related to Evans et al. (2009), who use pre-regulation SHO data
from 1998 and 1999 to assess how and why put-call parity diverges from predicted values
when stock borrow costs are high. The authors conclude that OMMs account for this
divergence because they tend to fail to deliver stock to cover short sales of hard-toborrow stocks. Evans et al. (2009, p. 1975) describe the impact of delivery requirements
arising from Regulation SHO, as “an important new empirical question.”
I test how changes to Regulation SHO that removed the failure “option” for
market makers affected short sale pricing, FTDs, and options liquidity using 2008 data.
Within a panel data framework, I exploit the fact that the Exception applied only to
optionable stocks insofar as it was used by OMMs. Thus, my “control” group is nonoptionable stocks. Within this framework I test the effect of price changes in the stock
lending market on FTDs.
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I find that eliminating the Options Market Maker Exception to SEC Regulation
SHO led to fewer and less persistent FTDs in optionable stocks. I also find that
optionable stocks became more expensive to borrow after the Exception was eliminated,
which is consistent with higher demand to borrow stocks to cover short sales. These
results suggest that eliminating the Exception raised the cost to short through the options
market and thus made options a less attractive alternative for short sellers. Finally, I find
that elimination of the Exception lowered options market liquidity.
The results demonstrate that prices and trading are very sensitive to rules and rule
changes. In other words, subtle institutional choices can have real economic
consequences. In the following sections I describe relevant institutions and related
research. Next I present my hypotheses, data, empirical model, and results. The last
section presents conclusions.

2.2Institutions
2.2.1Tradesettlement
In the U.S. stock market, buying and selling is facilitated by broker–dealers with
accounts at a central clearinghouse. In typical market trading, individual broker–dealers
first filter customer buy and sell orders through an internal “pre-netting” process. Next,
the Continuous Net Settlement (CNS) system, managed by the clearinghouse, facilitates
the actual movement of stock between broker–dealer accounts by netting trade
obligations among the clearing brokers at the end of the day.4 The role of the
4
“Continuous Net Settlement (CNS),” DTCC,
http://www.dtcc.com/ProductsAndServices/clearing/cns.html.
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clearinghouse is to step in between two parties to a trade and net each party’s obligation
to trade over multiple trades, so that each obligation to receive or deliver can be
combined together into one.
The CNS system is operated by the National Securities Clearing Corporation
(NSCC), a subsidiary of the Depository Trust & Clearing Corporation (DTCC). Through
oversight of the NSCC, the DTCC clears and settles all stock trades in U.S. markets. An
undetermined amount of settlement occurs outside of the NSCC. These trades are known
as “ex-clearing” and are handled directly between brokers in a private contractual setting.
Currently, no data is available on the magnitude or persistence of ex-clearing FTDs.5
SEC Regulation SHO, discussed below, does not govern non-CNS trades.
If stock is not delivered to the clearinghouse to settle a trade by settlement date
T+3, an electronic FTD is registered at the DTCC.6 FTDs act as electronic IOUs.7 While
the CNS system serves to promote market liquidity, the anonymous and fungible nature
of the stock settlement system allows some market participants to sell stock without
timely delivery. Because of the netting system, most buyers do not know when sellers
have failed to deliver.
The DTCC also oversees the Depository Trust Company (DTC). As a member of
the U.S. Federal Reserve System and a central stock depository, the DTC acts as a
custodian for all securities traded. All major broker–dealers hold stock in accounts at the

5

The NSCC offers non-CNS trade tracking to broker–dealers through the Obligation Warehouse (OW).
See http://www.dtcc.com/products/cs/equities_clearance/obligation_warehouse.php.
6
“The T+3 Settlement Cycle,” DTCC, http://www.dtcc.com/about/business/tplus3.php.
7
“Clearance and Settlement,” DTCC, http://www.dtcc.com/products/cs/equities_settlement/ps_index.php.
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DTC. While physical payment and stock transfer occur within DTC, the NSCC provides
final settlement instructions to customers and participant firms.

2.2.2Shortsellingandstocklending
Short selling is a bet that a stock price will decline. According to the SEC (2004),
“short selling is used to profit from an expected downward price movement, to provide
liquidity in response to unanticipated demand, or to hedge the risk of a long position in
the same security or in a related security.” A short seller can execute a short sale with
only a “locate” on stock available to borrow; no pre-borrow is required. After execution,
a short seller may borrow stock for a fee, which is quoted as an interest rate. While some
retail investors might expect a short sale to occur after stock is borrowed, T+3 settlement
allows short sellers three days to borrow stock for delivery after trade date. To close a
short position, a short seller must purchase stock for return to the lender.
Individual stock borrow prices vary according to supply and demand in the stock
lending market. A stock borrow price is quoted as a rebate rate. A short seller borrows
shares by posting collateral equivalent to the market value of the shares borrowed. A
stock lender then invests the collateral in a low risk asset. The “price” to borrow shares is
a spread between the return on the collateral investment and the amount “rebated” to the
short seller. For easy to borrow stocks, the “rebate” is generally higher (that is, closer to
the investment yield). If a rebate is negative, such as for a hard to borrow stock, then a
short seller pays a fee in addition to posting collateral.
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For example, a short seller borrows $100,000 worth of XYZ stock from a prime
broker and posts $100,000 cash as collateral.8 This collateral is placed in an overnight
account that earns 5% or something close to the risk-free Federal Funds Rate. In an easy
to borrow stock, the rebate “spread” might be 20 basis points; 4.8% of the 5% would be
rebated to the short seller. Thus, 20 basis points, or 0.20%, is the rebate rate spread. In
hard to borrow stocks, the rebate rate may be negative, perhaps negative 200 basis points,
or –2%. Thus, in this example, the prime broker would keep 5% and ask for an additional
2%.
Naked short selling is selling stock short without borrowing that stock. Selling
stock short without borrowing is possible because, as discussed above, three days
separate trade date and settlement date (i.e., the date when the stock is due for delivery).
If a short seller does not deliver stock to the clearing broker by the settlement date, then a
naked short sale has occurred. Short sellers generally trade through accounts with prime
brokers who bear responsibility for satisfying delivery obligations to the clearing
corporation. Thus, depending on how a prime broker manages customer accounts, a
naked short sale by a customer may or may not result in an FTD at the clearing
corporation. This is because a prime broker may choose to borrow stock to meet a
delivery obligation created by a customer. Regardless, a naked short seller that fails to
deliver stock benefits by not posting collateral and perhaps avoids paying negative

8

The collateral is commonly the proceeds of the short sale. Short positions are marked-to-market and a
prime broker usually requires a short seller to post additional collateral in case the price of the underlying
stock increases. Typically, the short seller in this example would post $102,000 as collateral, or 102% of
the position. I use $100,000 for simplicity.
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rebates. Naked short selling is virtually impossible without some involvement by broker–
dealers who execute and clear trades for clients such as market makers and short sellers.
Short sellers can also construct synthetic short positions through options by
buying puts, selling calls, or both. In order to establish a short position through options
that mirrors perfectly a traditional equity short position, a short seller must buy a put
option and sell a call option with the same strike price and expiration on the underlying
stock. This creates a payoff profile that is linear and continuous insofar as it mimics
perfectly the profit and loss profile of a real short position. Such a position is a
“synthetic” short position.

2.2.3Shortsellingandsettlementregulations
SEC Regulation SHO, enacted in January 2005, was designed to reduce delivery
failures related to short selling. Regulation SHO requires the five major U.S. stock
exchanges to publish a daily list, referred to as the Regulation SHO Threshold List, of
stocks with high FTDs. Those exchanges are the NASDAQ, NYSE, NYSE Arca, NYSE
Amex, and the Chicago Stock Exchange (CHX). To qualify for the Threshold List, a
stock must have, for five consecutive settlement days at a clearing agency, an aggregate
FTD position totaling 10,000 shares or more and equal to at least 0.5% of the issuer's
total shares outstanding (SEC, 2004). Thus, taking into account the three-day settlement
window, a stock with large and persistent net FTDs will appear on the Threshold List
seven trading days after fail date.
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Regulation SHO imposes locate and close-out requirements for short sales. The
close-out requirement obliges broker–dealers to settle FTD positions for threshold
securities that have persisted for 13 consecutive settlement days. Closing out requires the
broker–dealer to purchase securities of like kind and quantity and to settle the trade on
behalf of the customer. The locate requirement is satisfied if a broker–dealer has
reasonable grounds to believe that a security can be located (for borrow) prior to delivery
date. A broker–dealer must document a locate prior to executing a short sale.
Specifically, the rule prohibits execution of a short sale unless a broker–dealer has either
borrowed the security or “has reasonable grounds to believe that the security can be
borrowed so that it can be delivered on the date delivery is due” (SEC, 2004).
Regulation SHO draws on 20 years of short sale rulemaking by the SROs. The
“locate” and “reasonable grounds” language above is borrowed from NASD Rule 3370
and NYSE Rule 440C, which predate Regulation SHO. The NYSE permitted use of an
“Easy to Borrow” list to satisfy the “reasonable grounds” standard that a security sold
short was available for borrowing. Note, however, that “repeated failures to deliver in
securities included on an ‘Easy to Borrow’ list would indicate that the broker–dealer’s
reliance on such a list did not satisfy the ‘reasonable grounds’ standard” (NYSE 1997, p.
4662).
Similarly, the NASD required a member firm to make an “affirmative
determination” that stock sold short would be available to borrow by settlement date. The
NASD approved use of a so-called “Hard to Borrow” Lists to satisfy the affirmative
determination requirement insofar as “a specific security absent from the list is easy to
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borrow” (NASD 2000, p. 171). Furthermore, Rule 3370 “was designed to prevent abusive
short selling and ensure that short sellers satisfy their settlement obligations” (NASD
2000, p. 171).
NASD 3370 incorporated recommendations on the reporting and settlement of
short sales contained in a 1986 NASD study by former SEC Commissioner Irving M.
Pollack. Pollack (1986) concluded that, given the structure of the CNS system, it was
possible for large FTD positions to accumulate at the clearinghouse “in perpetuity.”
“While these procedures generally protect the clearing corporation, they permit short
selling brokers to assume much larger positions than they might otherwise be able to
undertake if they were prevented from continually rolling over short positions without
borrowing securities for delivery” (Pollack 1986, p. 61).

2.2.4Marketmakers
Securities market makers are representatives of banks, broker–dealers or specialist
firms that facilitate exchange between securities buyers and sellers. Market makers
display bid and offer prices for specific securities, and if these prices are met, they will
immediately buy for, or sell from, their own accounts. When a sell order is placed, the
market maker purchases stock in the absence of another buyer, thereby providing
liquidity in the market. In doing so, they are literally “making a market” for the stock.
Thus, market makers accept, sell, or buy orders even when there are short-term buy-andsell-side imbalances in customer orders.
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Market makers add to the liquidity and thickness of the market by taking
temporary short or long positions. They profit from the spread, which is the difference
between bid and ask prices. Some market-making operations are housed within large
broker–dealers. Broker–dealers are expected to separate their market-making and
proprietary trading divisions. Some large broker–dealers also provide trade clearing
services to market maker clients. In general, broker–dealers engage in trade execution
and clearing for customers across many securities, whereas market makers facilitate
trading in specific securities without knowledge of counterparties.

2.2.5TheOptionsMarketMakerException
Market makers act as temporary counterparties to buyers or sellers in order to
foster liquidity. Thus, market makers may sell stock they do not have (at that moment) in
order to hedge long positions.9 Option market makers, for example, hedge long options
positions with short positions. While most market maker positions are closed out at the
end of each trading day, OMMs take short positions that last until an option contract
expires. This may be weeks or months in the future.
For market makers, Regulation SHO contained an exception to the locate and
close-out requirements for short sales. Specifically, SEC (2004) allowed, “…[an]
exception from the uniform ‘‘locate’’ requirement, as Rule 203(b)(2)(iii), for short sales
executed by market makers...including specialists and options market makers, but only in

9

“Positions” refers to a portfolio of trades. In general, an options market maker strives to offset long
positions with short positions of similar magnitude and duration. This is known as maintaining a “delta
neutral” portfolio, where delta captures the sensitivity of changes in options prices to changes in the
underlying stock price.
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connection with bona-fide market making activities.” SEC (2003a) describes how the
Exception was intended to mean that all market makers were permitted to sell stock short
without locating that stock.
NASD 3370 and NYSE 440C also contained limited short sale locate and closeout exceptions for market makers engaged in bona fide market making, but the proposal
to establish Regulation SHO notes that “the SRO requirements [had] not fully addressed
the problems of naked short selling and extended fails to deliver” (SEC, 2003a). Thus,
Regulation SHO did not create a new exception per se. Rather, the rule was written to
strengthen and narrow pre-existing exceptions without disrupting legitimate market
making activity. Regulation SHO was also designed to “establish a uniform standard
specifying the procedures for all short sellers to locate securities for borrowing” (SEC,
2003a).
The Exception did not apply to stocks already on the Regulation SHO Threshold
List; an options market maker could only maintain FTDs “if the options positions were
created prior to the time that the underlying security became a threshold security” (SEC,
2004). Thus, all FTDs in Threshold stocks are subject to the mandatory close-out
requirement if they are older than 13 days and were not executed to hedge a pre-existing
options position.
According to the SEC (2007b), “The options market maker exception was created
to address concerns regarding liquidity and the pricing of options.” When OMMs sell put
options or buy call options they are in a long position. They can hedge their long options
position by selling short the underlying equity. The Exception allowed OMMs to hedge
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the risk of long options positions for the duration of an options contract if unable to
borrow, which allowed them to delay short sale close-out until options expiration if
necessary.
An example of this situation is when a market maker writes a put option with a
future expiration date (a long position for the market maker). The Exception allowed the
market maker to hedge that long position by shorting an equivalent quantity of the
underlying stock and delay delivery if unable to borrow. At option expiration, the put
buyer either (a) sells stock back to the market maker (which the OMM can use to settle
his short hedge), or (b) the put expires out of the money, and the market maker buys
stock to settle the short hedge.
With negative rebate stocks, shorting is most costly because a short seller has to
pay to borrow the underlying equity in addition to posting collateral. Due to the
Exception, OMMs did not have to pay interest on short sales of stocks with negative
rebates for the options contract duration if unable to borrow. For contracts with expiration
dates far in the future, this Exception could result in large cost savings.
The SEC limited the Exception to bona-fide market making, which “does not
include activity that is related to speculative selling strategies or investment purposes of
the broker–dealer” (SEC, 2004). Further, “bona-fide market making does not include
transactions whereby a market maker enters into an arrangement with another broker–
dealer or customer in an attempt to use the market maker's exception for the purpose of
avoiding compliance with [Regulation SHO]” (SEC, 2004).
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While the Exception was written to promote legitimate hedging by market
makers, some traders were not engaged in bona-fide market making and were
consequently fined and barred from trading. In 2007, the AMEX found that Scott and
Brian Arenstein, “who were not bona-fide options market makers, improperly utilized the
Reg SHO market maker location exemption to avoid locating shares prior to effecting
short sale transactions in Reg SHO threshold securities…[and] engaged in transactions
that circumvented delivery obligations” (AMEX 2007a, p. 2).10
The Arenstein cases also alerted the SEC to a fraudulent trading strategy to
“reset” the settlement date for a failed trade. “Options market makers’ practice of
“rolling” positions from one expiration month to the next potentially allows these options
market makers to not close out positions as required by the close-out requirements of
Regulation SHO” (SEC, 2007b, p. 22).
The Arenstein case caused the SROs to restate the existing requirement that all
exceptions were limited to bona-fide market making. For example, the Chicago Board
Options Exchange states that, “only options market–makers that are engaged in bona-fide
options market-making may utilize the exception to Regulation SHO’s “locate”
requirement when effecting a short sale in the underlying security as a hedge” (CBOE
2007).
In August of 2007, the SEC proposed eliminating the Options Market Maker
Exception to Regulation SHO. “The ability of options market makers to sell short and

10

“This violative activity was detected and investigated by the Financial Industry Regulatory Authority
(FINRA), formerly the NASD, acting on behalf of the AMEX’s Regulatory Division,” AMEX (2007c).

25

never have to close out a resulting fail to deliver position... may have a negative impact
on the market for those securities” (SEC, 2007b, p. 21). The SEC eliminated the
Exception in September 2008. In the final rule, the SEC wrote that, “[f]ails to deliver in
threshold securities that result from hedging activities by options market makers will no
longer be excepted from Regulation SHO’s close-out requirement” (SEC, 2008b, p. 1).
The SEC (2009b, 2011, and 2012) and FINRA found evidence that the OMM
abuse continued.11 The Wolfson case, for example, documents how one options market
maker,

…improperly utilized the Market Maker Exception to avoid locating shares before
effecting short sales as part of “reverse conversion” and “assist” transactions… As a
result, [Wolfson was] … able to attract the business of prime brokerage firms seeking to
create inventory for stock loans on hard to borrow securities. (SEC, 2012, pp. 3–4)

This is important because hedge funds and large institutional investors often rely
on prime brokers to locate and borrow stock for short sales. Options market makers like
Arenstein and Wolfson executed complex options trades known as “reverse conversions”
to generate stock loan inventory for prime brokers.12 For this purpose, a reverse
conversion does not qualify as bona-fide market making. Rather, according to the SEC,

11

SEC (2009b), which concerned Steven Moses Hazan and Hazan Capital Management, L.L.C., was a joint
enforcement action by the SEC, NYSE and FINRA. “NYSE Regulation appreciates the assistance of the
Financial Industry Regulatory Authority (FINRA) Market Regulation Department, whose Staff initially
detected the violative activity and provided assistance throughout the course of the investigation.
Separately, the SEC initiated and settled an enforcement action against Hazan and HCM based on their
parallel investigation of this conduct,” NYSE Euronext (2009).
12
AMEX (2007a) describes the components of the reverse conversion transaction used by Arenstein.
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Reverse conversions are executed to meet a one-sided demand for hard-to-borrow
threshold securities. The buyers of the threshold securities, in this case large prime
brokerage firms, engaged in the conversion transaction that allowed them to acquire a
long stock position that is hedged by the synthetic short options position. The brokerage
firm could then loan out the shares of the threshold securities and received fees from the
borrowers. Those loan fees can be quite significant when the stock is a threshold security,
because threshold securities are generally hard to borrow and therefore command large
fees in the stock loan market (2012, pp. 3–4).

Securities cases that involve reverse conversions provide evidence that the options
market is an alternative to the securities lending market when borrowing constraints exist.

2.3Previousresearch
Academic research on stock settlement failures has developed only recently. Boni
(2006) and Evans et al. (2009) both examine the relationship between options market
making and trade settlement. Boni (2006) uses pre-Regulation SHO FTD data from three
dates in 2003 and 2004, a period without a formal close-out requirement, and finds
evidence that short sale borrowing constraints may lead to “strategic” FTD in optionable
stocks.
Evans et al. (2009) analyze the relationship between put-call parity and short sale
borrow costs using data provided by an OMM from 1998 and 1999. They establish that,
as shorting costs increase, stock prices diverge from values implied by put-call parity.
This effect is weaker, however, when rebates are negative. They claim that this weaker
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relationship is consistent with OMMs refusing to cover short sales, i.e., failing to deliver,
when stock is costly to borrow.13
My work is also related to the literature on short sale constraints. This literature
finds that when short sale constraints increase, stocks can become overvalued (Diamond
and Verrecchia, 1987; Pontiff, 1996; Duffie et al., 2002; Jones and Lamont, 2002;
Mitchell et al., 2002; Lamont and Thaler, 2003). For example, Jones and Lamont (2002)
find that stocks that are expensive to borrow tend to be overpriced. Further research on
rules that affect short sale constraints includes Danielsen and Sorescu (2001), Chang et
al. (2007), Jones (2012), Boehmer et al. (2013), and Diether et al. (2009). With respect to
borrowing costs, D’Avolio (2002) describes how short sale constraints arise in the market
for borrowing and lending U.S. equities. Similarly, Geczy et al. (2002) focus on how
short sale costs and constraints affect short selling profits.
Kolasinski et al. (2013a) study the effects of a 2008 SEC short sale ban. The
authors find that, while short sale constraints limited opportunities for “uninformed”
investors, trading by sophisticated short sellers actually increased. Further, negative
rebates led to increased demand for synthetic short positions through the options market.
Battalio and Schultz (2011) study how the 2008 short sale ban affected equity options
prices and conclude that OMMs faced higher costs as a result of short sale constraints.
Boulton and Braga-Alves (2010) find that securities of firms subject to the short sale ban
experienced overpricing, as well as a widening of bid-ask spreads.
13

A market maker “never accepts a negative rebate, always choosing to fail instead.” See Evans et al.
(2009, p. 1956). Related research includes Edwards and Hanley (2010), who find no evidence that short
selling during IPOs leads to increased FTDs. Fleming and Garbade (2002) discuss strategic FTDs in the
Treasury markets.
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An important related literature studies naked short selling. Finnerty (2005)
presents a theoretical model that illustrates how FTDs may be part of a manipulative
trading strategy. Culp and Heaton (2008) develop a model wherein the economic effects
of naked short selling are similar to those of covered short selling. The authors do
suggest, however, that naked short selling can be used to manipulate prices. Fotak et al.
(2009) provide evidence that naked short selling tends to follow price declines and may
improve liquidity and price efficiency. PutniƼš (2010) discusses the U.S. equity
settlement system and the relationship between naked short selling and FTDs. Lecce et al.
(2012) use data from the Australian Stock Exchange to show that market quality declines
under regulatory regimes that permit naked short selling. The authors also find that naked
short selling improves price efficiency when stock lending costs rise. Boulton and BragaAlves (2012) find evidence of positive abnormal returns immediately before stocks
appear on the Threshold List and while they are on the List.
Much of what is known about options market making and FTDs comes from the
SEC. A 2003 SEC Interpretive Release discusses how short sellers can use the options
market as a substitute for the stock loan market via so-called “married put” transactions,
which are functionally similar to the reverse conversions discussed above. SEC (2003b)
remarks that, “even viewed in the most favorable light, these married put transactions
appear to be nothing more than temporary stock lending agreements designed to give the
appearance of a ‘long’ position in order to effect sales of stock in a manner that would
otherwise be prohibited.”
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My work is related to an SEC Office of Economic Analysis (OEA 2008) study
that examines how elimination of a grandfather provision in Regulation SHO affected
fails in optionable and non-optionable stocks. Using a nonparametric comparison of
means, the OEA shows that fails in optionable stocks increased relative to non-optionable
stocks after elimination of the Grandfather Clause in 2007.14

…the investors who previously failed to deliver in the equity market have now moved to
the options market to establish a synthetic position. Since the option market makers still
enjoy an exception to the close-out rule and tend to hedge their positions in the equity
markets, the fails may now be coming from the option market makers instead of the
equity investors themselves (OEA, 2008, p.1).

The OEA (2009) describes how eliminating the Options Market Maker Exception
to Regulation SHO affected FTDs. Using nonparametric methods, the OEA (2009) find
“some evidence that optionable stocks experienced larger declines [in fails-to-deliver]
than non-optionable stocks.”
My analysis is distinct from the OEA (2008, 2009) and Evans et al. (2009) studies
in important ways. First, I employ various measures of FTDs as well as test the impact of
the Exception removal on stock rebates and liquidity. Further, while the SEC studies test
for differences in unconditional means, I use a panel data framework that allows us to
control for stock fixed effects and time effects. By controlling for these effects and by

14

The Grandfather Clause exempted pre-2005 fails from the new close-out requirements of Regulation
SHO. One rationale for this exemption was that trades execute prior to enactment of Regulation SHO
should not be subject to ex post rule changes by the SEC. In addition, “The grandfathering provisions of
Regulation SHO were adopted because the Commission was concerned about creating volatility where
there were large pre-existing open positions.” See SEC (2005), “Grandfathering Under Regulation SHO.”
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focusing on the periods before and after a major rule change, I am better able to isolate
the causal effect of the Exception. Finally, Evans et al. (2009) lack borrow rate data and
infer price changes indirectly from put-call parity and for a time period prior to the
existence of regulation SHO. In contrast, I use actual stock borrow rates to assess the
price effects of institutional change.

2.4Hypotheses
Prices in the options market are determined by customer demand and the cost to
OMMs of opening and maintaining options positions. These costs include hedging
options by buying or selling short the underlying equity. The Options Market Maker
Exception to Regulation SHO allowed OMMs to avoid borrowing costs and delay
settlement in situations where the Exception applied. This may have kept the cost of
shorting through the options market lower than it otherwise would have been. As a result,
the removal of the Exception may have lowered the options market trading volume.
While the Exception applied to market makers in options and equities, theory
suggests that OMMs had an incentive to fail to deliver optionable stocks as opposed to
non-optionable stocks. Thus, I predict that the Exception removal affected optionable and
non-optionable stocks differently and led to a decrease in FTDs for optionable relative to
non-optionable stocks.

Hypothesis 1: Removal of the Options Market Maker Exception to Regulation SHO led
to fewer settlement failures in optionable stocks relative to non-optionable stocks.
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Settlement failures may be temporary, such as for a few days, or may persist for
many trading days. Short term FTDs can occur for many reasons including delayed
custodial transfers or operational errors. In general, there is no obvious reason why
settlement failures would systematically persist except intent. I adopt the SEC’s criterion
of persistent failure, i.e., whether a stock is on the Threshold List, and test Hypothesis 1
for both types of failures: temporary and persistent.

Hypothesis 2: The marginal effect of stock borrow prices on FTDs was larger for
optionable stocks than for non-optionable stocks while the Options Market Maker
Exception was in effect. After removal of the OMM Exception, settlement patterns in
optionable stocks became less sensitive to rebate changes.

Demand for short sales does not necessarily decrease when shorting costs
increase. For example, D’Avolio (2002) shows that negative rebates may encourage short
sales. Nevertheless, the incentive to borrow stock for covered short sales decreases if
borrow costs are high. When close-out is enforced, I predict no correlation between FTDs
and rebate rates because short sellers are not allowed to fail when borrowing becomes
costly.
When FTDs are permitted, however, the incentive to avoid close-out increases as
stock borrow costs rise. This consideration motivates Hypothesis 2. I predict that the
OMM Exception provided an incentive to naked short sell. I hypothesize that, while the
OMM Exception was in effect, higher borrow costs led to more FTDs in optionable
stocks, and I therefore predict a negative correlation between borrow prices and the

32

quantity of fails. Further, because non-optionable stocks were not exempt from the closeout requirement in early 2008, I predict that in early 2008 fails in optionable stocks are
more sensitive to borrow rate movements, than after the removal of the OMM Exception.

Hypothesis 3: Removing the OMM Exception to Regulation SHO increased the price to
borrow optionable stocks relative to non-optionable stocks.

I predict that the Exception had a direct effect on optionable stock borrow rates.
This is because short sellers can establish short positions either through the equity or the
options markets. By keeping the costs to short through the options market low,
Regulation SHO may have driven demand for short options positions. While I cannot
study stock borrow volumes directly, borrow rates are affected by the demand to borrow
stock.15 Thus, I test whether borrowing rates for optionable stocks are higher after the
removal of the Exception than before.
Hypothesis 3 follows from Hypothesis 1. If OMMs pay less to short stocks prior
to the removal of the exemptions, then they can offer better options prices to customers
and satisfy greater demand. This greater demand for short option positions, in turn, puts
downward pressure on rebate rates in the stock loan market. At the same time, the
Exception had no direct effect on the demand for borrowing non-optionable stock.

15

Short sale data for dates prior to August 2009 are generally unavailable, incomplete, and/or inaccurate.
No single source provides aggregate short sale activity per ticker across all exchanges, so one must gather
data from specific exchanges. Many SROs do not publish short sale data. Of those that do, there is often
double-counting of short trades. Finally, and perhaps most importantly, data do not allow us to tie specific
short sales to market makers (or other market participants) due to trade netting at the clearinghouse. Stock
borrow rates are, therefore, a superior measure of demand for borrow than actual short sale volume.
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Hypothesis 4: Removing the OMM Exception reduced the availability and thus liquidity
of option contracts.

Hypothesis 4 also follows from Hypothesis 1. Many commenters on the SEC's
proposal to eliminate the OMM Exception to Regulation SHO, such as Finadium (2007),
opined that the Exception improved options liquidity, i.e., the volume of trades, and that
the rule change would reduce options liquidity. Thus, I consider whether eliminating the
OMM Exception reduced options liquidity. The Exception was intended to provide
liquidity to the options market so that market makers could write or buy options from
customers and satisfy demand. If OMMs used the Exception to create markets, then
elimination of the Exception may have reduced the number of outstanding option
contracts. To test Hypothesis 4, I use a sample of optionable stocks and compare options
open interest volume while the Exception was in effect and after it was lifted. I compare
total options open interest volume, both puts and calls, as short positions may require the
buying and selling of both.

2.5Data
I use data from the Russell 3000 Index to test for differences between optionable
and non-optionable stocks before and after the elimination of the OMM Exception to
Regulation SHO. The Russell 3000 Index provides a broad sample of companies, and I
use stocks that were in the Index in 2008. I obtain price and volume data for stocks and
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options from FinancialContent. Data on shares outstanding come from Bloomberg.
Historical FTD data are available from the SEC Freedom of Information Act (FOIA)
Office.16 Data on which firms are on the SEC Regulation SHO Threshold List are from
websites for the NYSE, NASDAQ, NYSE ARCA, AMEX, and CHX.
My stock borrow data are from Finadium, a consulting firm for the financial
services and financial technology industries. Finadium provided stock borrow data from a
top-tier prime broker.17 As discussed above, stock borrow rates are quoted as a rebate on
collateral investment. My metric of interest is the spread between the federal funds rate
and daily rebate rates by stock. I use the daily opening federal funds rate, available
through Bloomberg, rather than the daily average rate, as stock borrow rates are also
quoted at the market open.
I compare data from one financial quarter prior to the proposal of the OMM
Exception elimination, which is the second quarter of 2008 (2008:Q2), to one financial
quarter after the OMM Exception was formally eliminated, which is the fourth quarter of
2008 (2008:Q4). The SEC opened comment on July 7, 2008 and formally eliminated the
rule on September 17, 2008; both SEC actions were in the third quarter. If rule change
seemed likely after the SEC opened the comment period, then it is possible that OMMs
reacted immediately to reduce outstanding FTDs during the third quarter of 2008.18 Since
it is not clear whether market participants changed behavior early or late in the third

16

SEC, Frequently Requested FOIA Document: Fails-to-Deliver Data,
http://www.sec.gov/foia/docs/failsdata.htm. Archival FTD data is available from 2004 onward.
17
Please visit www finadium.com for more information.
18
In fact, the SEC considered narrowing or eliminating the OMM Exception in 2007 and subsequently let
the comment period expire without changing or modifying the regulation. See SEC (2007a, 2007b).
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quarter, I do not include that quarter in my analysis. I address the question of whether my
results are sensitive to the inclusion of 2008:Q3, however, in the Robustness Tests.
In my empirical analysis, I first test whether removal of the OMM Exception led
to fewer FTDs in optionable stocks relative to non-optionable stocks. Next I test whether
eliminating the OMM Exception reduced the persistence of fails in optionable stocks. I
measure persistence by the number of days each stock is on the Threshold List over a
specific time period.19 Finally, I use stock rebate rates to test whether borrow prices for
optionable stocks increased after OMM Exception elimination.

2.6Empiricalmodelandresults
2.6.1Summarystatisticsandfigures
Table 2-1 shows summary statistics for Russell 3000 stocks before and after
elimination of the OMM Exception to Regulation SHO. My full sample contains data on
2,952 unique tickers from the second and fourth quarters of 2008. Membership on the
Russell 3000 Index is not static. Membership changes over time as companies are
acquired, merge with other companies, or exit the market. My Russell 3000 membership
list dates from the spring of 2009; I exclude tickers not traded in 2008.
Options exchange members or professional traders, and not equity issuers,
determine whether to list options in a stock, i.e., whether the stock is “optionable.” This
determination is based largely on the volume and volatility of the underlying equity

19

For example, between April 1, 2008 and June 30, 2008, stock CROX was on the Threshold List for 50
trading days. In contrast, between October 1, 2008 and December 31, 2008, CROX was on the list for 20
trading days.
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(Mayhew and Mihov, 2004). Stocks with more volume and more volatility tend to have
options traded, while thinly-traded stocks do not. In this sample, about 25% of stocks are
non-optionable while about 75% are optionable.
Panel A and Panel B in Table 2-1 present descriptive statistics for the second and
fourth quarters of 2008, respectively. The variable Fails-to-Deliver (FTDs) is aggregate
FTDs in excess of 10,000 shares on settlement date (T+3).20 FTDs are the net number of
shares traded that have failed to settle on a given day; this is the stock of existing fails,
plus new fails, minus old fails. Eighty-one percent of all observations have no settlement
failures. In the second quarter of 2008, average daily net settlement failures are 51,717
shares; this number falls to 15,386 shares in the last quarter of that year. I do not report
results for a subsample of stocks with settlement failures above zero, but I note that the
daily net fails in this group declined between the second and fourth quarter of 2008 from
an average of 198,827 shares per day to 124,035.
A similar pattern is present in the ratio of FTDs to shares outstanding. Here
settlement failures fall from 0.11% in the second quarter of 2008 to 0.02% in the last
quarter of 2008. For the subsample of stocks with settlement failures, this ratio falls from
0.44 to 0.18. These differences in the overall FTDs and FTDs as a percentage of shares
outstanding before and after the rule change are statistically different. Consistent with
these differences there is also a statistically significant drop in the average percentage of

20

For the time period examined in this paper, the SEC does not report daily net FTDs less than 10,000
shares. In July 2009, the SEC increased the frequency of FTD reporting from quarterly to bi-monthly and
expanded the data to include all daily net FTDs.
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stocks on the Threshold List from 0.05% to 0.01% per day. Some stocks were on the
Threshold List for every day in each quarter while others were never on the List.
Table 2-1 shows that daily trading volume in the fourth quarter of 2008 was
roughly 40% higher than in the second quarter. The mean stock borrow spread is 118
basis points in the second quarter of 2008 and 108 basis points in the last quarter of that
year. This indicates that it was generally more expensive to borrow stock in the fourth
quarter of 2008 than in the second quarter. Table 2-1 also shows that the average daily
options open interest is higher in the second quarter compared to the fourth quarter of
2008.

Table 2-1: Descriptive statistics for the Russell 3000 Index

38

Figure 2-1 shows the aggregate daily number of settlement failures in Russell
3000 stocks in 2008 for optionable and non-optionable securities. For an individual stock,
daily FTDs are the accumulated net FTDs by all market participants, including retail
investors, brokers, and market makers. Figure 2-1 also shows the dates when the OMM
Exception elimination was announced (July 7, 2008) and implemented (September 17,
2008). Over the entire time period, non-optionable stocks have significantly lower FTDs
than optionable stocks. There is a steady increase in optionable stock FTDs until the
elimination of the Exception, after which there is a sharp drop in settlement failures.

Figure 2-1: Daily settlement failures
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Figure 2-2 shows the ratio of optionable and non-optionable Regulation SHO
Threshold securities in the Russell 3000 Index to the total number of optionable and nonoptionable securities in the Russell 3000 Index. Figure 2-2 also shows that the number of
Threshold stocks increased until the third quarter of 2008. After elimination of the
Exception, the daily number of Threshold stocks dropped sharply. For almost all days in
2008, the ratio of optionable Threshold stocks to all optionable stocks was higher than the
corresponding ratio for non-optionable stocks.

Figure 2-2: Stocks on the Regulation SHO Threshold List
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The story these figures tell is complicated by additional SEC rulemakings
concurrent with OMM Exception elimination in September of 2008. First, the SEC
enacted Interim Temporary Final Rule 204T, which imposed a hard delivery requirement
for all stocks. A hard delivery requirement means that participants of a registered clearing
agency must close-out FTDs by one day after settlement date, or “T+4.” Participants that
do not comply with this close-out requirement will be in violation of the rule and “will
not be able to short sell the security for itself or for the account of another, unless it has
first arranged to borrow or borrowed the security, until the fail to deliver position is
closed out.”21
Second, the SEC also enacted Rule 10b-21, which “expressly targets fraudulent
short selling transactions” by “short sellers who deceive broker–dealers or any other
market participants. ”22 Rule 10b-21 clarified responsibility between broker–dealers and
their clients when FTDs occur. Both 204T and 10b-21 affected optionable and nonoptionable stocks equally.
Third, on September 19, 2008, the SEC used its emergency authority to impose an
outright ban on short selling for 799 financial stocks. The SEC later expanded this list to
include other issuers from the financial services industry; no non-financial stocks were in
the short sale ban. The SEC Emergency Order expired on October 8, 2008.
Although I cannot attribute the overall drop in FTDs in Figure 2-1 and Figure 2-2
to the repeal of the OMM Exception alone, additional SEC rulemaking during this period
21

Amendment to Regulation SHO to Adopt Exchange Act Rule 204T—A Small Entity Compliance Guide,
SEC, http://www.sec.gov/divisions/marketreg/tmcompliance/regsho204t-secg htm.
22
Adoption of “Naked” Short Selling Antifraud Rule, Exchange Act Rule 10b-21—A Small Entity
Compliance Guide, SEC, http://www.sec.gov/divisions/marketreg/tmcompliance/rule10b21-secg.htm.
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does not affect my analysis of whether the repeal had a differential effect on optionable
versus non-optionable stocks. This is because the other SEC rules in September 2008
affected optionable and non-optionable stocks equally. So while 204T, 10b-21, and the
short sale ban reduced the overall magnitude of FTDs, they did not affect optionable and
non-optionable stocks differently. In my analysis, I am concerned solely with the
difference in the changes in FTDs and borrow rates between optionable and nonoptionable stocks before and after elimination of the Exception.
The patterns observed in Figure 2-1 and Figure 2-2 are statistically significant in a
simple difference-in-difference framework. Table 2-2 presents these difference-indifference estimates of unconditional means for optionable and non-optionable stocks,
both before and after OMM Exception elimination. Mean comparisons show that the
natural logarithm of FTDs for optionable stocks relative to non-optionable stocks
declined 37% and FTD deliver as a percentage of shares outstanding declined by over 7
percentage points with the elimination of the OMM Exception (Table 2-2, Panels A and
B). Further, compared to the second quarter of 2008, an optionable stock was two
percentage points less likely than a non-optionable stock to be on the Threshold List
(Table 2-2, Panel C). These difference-in-difference estimates are statistically significant
using simple t-tests. Next I study whether these results hold up in a regression
framework, which adds control variables, allows for time and stock effects, and uses
clustered standard errors.
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Table 2-2: Difference in difference tables for OMM Exception elimination

2.6.2Hypothesis1:EliminatingtheOMMExceptionreducedFTDsin
optionablestocks
To test this hypothesis I estimate the following regression equation:

Equation 2-1

FTDit = ȕ12008:Q4 + ȕ2OMM Exception Eliminationit + ȕ3Volumeit + ȕ4Optionableit + Ȗi
+ İit

43

The dependent variable is FTDs for stock i on day t in the second and fourth
quarter of 2008. I employ three measures of FTDs: the natural logarithm of fails, fails as
a percentage of shares outstanding, and an indicator variable equal to one when a stock is
on the Regulation SHO Threshold List. The latter captures the persistence of FTDs.
The indicator variable 2008:Q4 equals one for each day of the fourth quarter of
2008 and zero otherwise. The indicators Ȗi are stock fixed effects and capture everything
that is constant to stock i (in 2008). For example, these fixed effects control for stockspecific characteristics, which may result in high or low average fails. I include a separate
indicator variable Optionableit, which equals one for optionable stocks.23 The variable
OMM Exception Elimination equals one for optionable stocks in the fourth quarter of
2008 and zero otherwise. To control for the possibility that FTDs are correlated with
trading activity, I include the natural logarithm of total daily trading volume, Volumeit, in
the regression equation. In all regressions I cluster standard errors by stock and trading
day (Thompson, 2011; Cameron et al., 2011). Consistent with Hypothesis 1, I predict that
ȕ2 will be negative.
I estimate Equation 2-1 with ordinary least squares (OLS). There are two reasons
for estimating my model with OLS rather than with Tobit, in which the dependent
variable would be FTDs (which includes zeros) or with probit, in which the dependent
variable would be an indicator equal to one if stock i is on the Threshold List and zero
otherwise. First, I have close to 3,000 stock fixed effects in my regressions. With this

23

For the time period of my analysis, very few stocks in my sample change from optionable to nonobtainable or vice versa.
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many regressors, non-linear estimators such as Tobit and probit do not converge. Second,
for practical purposes, the marginal effects from Tobit and probit estimates are very close
to OLS estimates (Angrist and Prischke, 2009).
Table 2-3 shows my regression results when the dependent variable is the log of
FTDs (columns 1 and 2).24 I exclude trade volume from the first column but include it in
the second column. In both specifications, the estimate for the fourth quarter is negative
and statistically significant, indicating that overall FTDs were lower in the fourth quarter
than in the second quarter of 2008.
Columns 1 and 2 in Table 2-3 show that the point estimate on the OMM
Exception elimination is negative and statistically significant regardless of whether the
specification controls for trade volume. Both point estimates show that eliminating the
OMM Exception led to 33%–37% fewer fails in optionable stocks relative to nonoptionable stocks. This finding provides support for my first hypothesis.
In Table 2-3, columns 5 and 6, the dependent variable is FTDs as a percentage of
shares outstanding. Relative to column 5, column 6 includes trade volume as an
additional control variable. In both specifications the point estimates on the effect of the
OMM Exception elimination are negative and statistically significant. They show that the
Exception elimination led to a 0.07 percentage point decrease in FTDs as a percentage of
shares outstanding. By comparison, the dependent variable in the fourth quarter of 2008
has a mean of 0.02. This implies that eliminating the OMM Exception reduced FTDs as a

24

I add one fail to each of the fails for each daily stock, so that the log of fails variable takes the value of
zero when no settlement failures occur.
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percentage of shares outstanding by a factor of 3.5 relative to the mean of the data. This
finding provides further support for Hypothesis 1.

Table 2-3: The impact of OMM Exception elimination on settlement failures

The regression shown in Table 2-4 repeats the specifications of Table 2-3 but
excludes all stocks affected by the SEC ban on the short selling of financial stocks in
September 2008. This allows us to test the sensitivity of my results to this related SEC
action.25 Roughly half of the stocks affected by the shorting ban were in the Russell 3000
25

The effect of the shorting ban on volatility, liquidity, stock prices, and the stock lending market has been
examined by Beber and Pagano (2013), Boehmer et al. (2013), Harris et al. (2009), and Kolasinski et al.
(2013a).
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Index. I find that the results in Table 2-4 are similar to those in Table 2-3, both in
direction and magnitude. The results show that eliminating the OMM Exception reduced
FTDs by 35%–39% for optionable stocks (Table 2-4, columns 1 and 2) and reduced
FTDs as a percentage of shares outstanding by 0.08 percentage points (Table 2-4,
columns 5 and 6). In both Table 2-3 and Table 2-4, I find that trading volume is
positively correlated with fails. For example, a one percentage point increase in volume is
associated with a statistically significant 0.48% increase in FTDs (Table 2-4, column 2).

Table 2-4: The impact of OMM exception elimination, short sale ban stocks excluded
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My final test of Hypothesis 1 is to determine whether eliminating the OMM
Exception reduced the likelihood that optionable stocks appear on the Regulation SHO
Threshold List. The number of days a stock is on the Threshold List measures FTD
persistence whereas previous specifications measure FTD magnitude. The Threshold List
has been used by policymakers to judge the efficacy of Regulation SHO (Kaufman,
2009).

Table 2-5: The impact of OMM Exception elimination on persistent settlement failures

All specifications in Table 2-5 contain the same explanatory variables as the
specifications in Table 2-3 and Table 2-4. Columns 1 and 2 use the entire sample whereas
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columns 5 and 6 present results from the subsample that excludes short sale ban stocks.
The specifications in these four columns of Table 2-5 show that the point estimate on the
OMM Exception elimination is negative and statistically significant, lending support to
Hypothesis 1. The point estimates show that the eliminating the Exception reduced the
likelihood of being on the Threshold List by 2%–3%.

2.6.3.Hypothesis2:EliminatingtheOMMExceptionremovedanincentivefor
marketmakerstoincurmoreFTDswhenstockborrowpricesincreased
To test this hypothesis, I augment Equation 2-1 by including the price to borrow
stock:

Equation 2-2

FTDit = ȕ12008:Q4 + ȕ2OMM Exception Eliminationit + ȕ3Spreadit + ȕ4Spreadit* OMM
Exception Eliminationit + ȕ5Volumeit + ȕ6Optionableit + Ȗi + İit

I calculate the price to borrow stock using the spread between the daily opening
Federal Funds rate and the daily rebate rate. I label this variable Spreadit. Increases in this
variable indicate higher stock borrow costs.
To test Hypothesis 2, my variable of interest is Spreadit*OMM Exception
Eliminationit, which is non-zero for optionable stocks in the fourth quarter of 2008. A
negative coefficient on ȕ4 indicates that, after the OMM Exception was eliminated in
September of 2008, market makers incurred fewer fails when the cost of borrowing stock
increased.
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In Table 2-3, columns 3 and 4 show my estimation results when the dependent
variable is the number of fails. Similarly, columns 7 and 8 show the results when the
dependent variable is FTDs as a percentage of shares outstanding. The resulting point
estimates on Spreadit are all positive and statistically significant. This implies that, prior
to elimination of the Exception, more fails occurred when the price of borrowing stock
increased. However, the sensitivity of fails to stock borrow costs vanishes once the
Exception was eliminated. This is because the coefficient on Spreadit*Exception
Eliminationit is negative, statistically significant, and roughly of equal magnitude as the
coefficients on Spreadit. The corresponding coefficient in column 3 of Table 2-3 indicates
that, when OMMs were exempt from the close-out requirement, a 100 basis point
increase in stock borrow costs led to a 43.7% increase in fails in optionable stocks
relative to when the Exception was in effect. Given that the coefficient on the interaction
term is –0.42, I find that the effect of spreads on fails is not statistically different from
zero after the elimination of the Exception.
Column 8 of Table 2-3 shows that a 100 basis point increase in stock borrow costs
led to a 0.13% increase in fails as a percentage of shares outstanding prior to the
Exception elimination. This estimate implies that a one standard deviation increase in
stock borrow costs led to a 0.38% (0.13 x 2.99) increase in FTDs as a percentage of
shares outstanding. After the elimination, the sensitivity of spreads to FTDs as a
percentage of shares outstanding goes to zero.
In Table 2-4, columns 3 and 7, where I omit financial stocks, my results are
similar to the corresponding columns in Table 2-3. To summarize, during the fourth
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quarter of 2008, higher optionable stock borrow costs led to fewer optionable stock
settlement failures relative to the first quarter of that year. In fact, my results show that,
after the exemption was eliminated, the sensitivity of stock borrow spreads with respect
to fails goes to zero.
In columns 4 and 8 of Table 2-3 and Table 2-4, I include a specification with an
interaction term between Spreadit and an indicator variable equal to one for optionable
stocks (and zero for non-optionable stocks). The coefficient indicates the extent to which
rebate rates affect FTDs in optionable stocks in all time periods, irrespective of the
settlement regime. The coefficients on this variable are negative in all specifications, but
they are only statistically significant when FTDs as a percentage of shares outstanding is
the dependent variable.26
In Table 2-5, the results in columns 3, 4, 7, and 8 are consistent with the
corresponding findings in Table 2-3 and Table 2-4. They show that, after OMM
Exception elimination, the sensitivity of optionable stocks to spreads goes towards zero.
The point estimates indicate that, prior to the OMM Exception elimination, a 100 basis
point increase in stock borrow costs decreases the likelihood of being on the Threshold
List between 3.6 and 3.7 percentage points. Given that 5% of the observations were on
the Threshold List in the fourth quarter of 2008, the point estimate suggests that the
Exception accounted for about 75% of the placement on the Threshold List.

26

In specifications 7 and 8 of both Table 2-3 and Table 2-4, the point estimate on OMM Exception
Elimination is positive. This, however, does not imply that the marginal effect is positive. This is because
these specifications include the interaction term between Spread and OMM Exception Elimination. Thus
the total effect OMM Exception Elimination on Spread is the point estimate on that variable plus the
negative term on the interaction multiplied by the mean value of Spread. The sum of this is negative, which
is consistent with my previous findings.
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2.6.4Hypothesis3:RemovaloftheOMMExceptionraisedstockborrowcosts
foroptionablestocks
I test Hypothesis 3 using a difference-in-difference framework similar to the
model above:

Equation 2-3

Spreadit = ȕ12008:Q4 + ȕ2OMM Exception Eliminationit + ȕ3Optionableit + ȕ4Volumeit+
Ȗi + İit

As in Equation 2-1 and Equation 2-2, OMM Exception Elimination equals one for
optionable stocks in the fourth quarter of 2008 and zero otherwise. I hypothesize that
optionable stocks were more expensive to borrow after the OMM Exception elimination.
Thus, I predict that ȕ2 will be positive, which means that the difference between the fed
funds rate and the rebate rate (for stock i) is higher after elimination. A positive ȕ2 is
consistent with the hypothesis that the OMM Exception led to increased “synthetic” short
selling through the options market and lower demand in the stock loan market.
Table 2-6 shows estimation results. The dependent variable is the stock borrow
spread. The first two columns are based on my entire sample and the next two columns
exclude short sale ban stocks. For each sample I estimate one specification where I
include trade volume and one where I do not.
The point estimate on the OMM Exception elimination variable is positive and
statistically significant at the 1% level. The results imply that the removal of the OMM
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Exception from the close-out requirement led to an increase in stock borrow spreads for
optionable stocks by between 35 and 36.5 basis points. The point estimate on the
Exception is similar across all specifications and is not sensitive to whether the regression
includes trade volume. These results are consistent with my hypothesis.

Table 2-6: The impact of OMM Exception elimination on stock rebate spreads

2.6.5Hypothesis4:EliminatingtheOMMExceptionreducedoptionsliquidity
I test this prediction by comparing the total outstanding options contracts written
on each optionable security in my sample during and after the Exception. Options
contracts are written and traded in lots of 100 shares. The net volume of outstanding
option contracts on any given day is called "open interest" (OI). By definition, I can only
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apply this test to optionable stocks; non-optionable stocks cannot have options contracts.
Open interest measures options market activity and, therefore, liquidity. As a stock
variable, open interest is the net result of the total opening and closing options volume at
the end of a trading day.
I therefore test Hypothesis 4 using the subsample of optionable stocks.

Equation 2-4

OIit = ȕ12008:Q4 + ȕ2Volumeit + Ȗi + İit

The dependent variable OIit in Equation 2-4 is the sum of put and call options
open interest for stock i on date t. As before, my sample is from trading days in the
second and fourth quarter of 2008. As in the previous specifications, Volume is log of
total stock trading volume. As before, 2008:Q4 equals one for the fourth quarter and zero
otherwise. A negative ȕ1 is consistent with the hypothesis that the options market was
more liquid while the OMM Exception was in effect. Following Lakonishok et al. (2007),
I normalize both OI and Volume by shares outstanding because changes in shares
outstanding can affect both stock trading volume and the volume of options contracts
written. I again cluster standard errors by stock and trading day.
Table 2-7 contains regression results that compare options open interest before
and after the rule change as a fraction of shares outstanding. The first column presents
results for the entire sample, and the second column presents results for the subsample
that excludes short sale ban stocks. For both specifications, the point estimate on the
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fourth quarter is negative and statistically significant at the 5% level, indicating that
options market trading volume declined after the OMM Exception was eliminated. The
point estimate suggests that options open interest as a fraction of shares outstanding was
about 3% higher while the Options Market Maker Exception was in effect.

Table 2-7: Open interest before and after OMM Exception elimination

2.7RobustnessTests
I test the robustness of the results using alternative specifications, samples, and
time periods. In so doing, I also address a potential concern that the timing of the repeal
of the OMM Exception, which affected only optionable stocks, coincided with changes in
regulations that affected all stocks.
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2.7.1DifferenceǦinǦdifferenceanalysisofalternatetimeperiods
My first robustness test adds data from the third quarter of 2008. Here I separate
the data periods by the rule change announcement date, September 17, 2008, and
compare the periods before and after that date. The results from this specification are
identical in direction and similar in magnitude to those when the third quarter is omitted.
For optionable stocks relative to non-optionable stocks, after the OMM Exception
elimination, FTDs are 30% lower and FTDs as a percentage of shares outstanding are
6.5% lower. The likelihood of optionable stocks being on the Threshold List declines by
2 percentage points relative to non-optionable stocks. After the Exception removal, the
cost to borrow optionable stocks is 26 basis points higher than the spread to borrow nonoptionable stocks.
My second robustness test compares the second quarters of 2008 and 2009. I do
this to test whether my results persist. In 2008, FTDs in optionable stocks are 65% higher
and FTDs as a percentage of shares outstanding are almost 9% higher than those in nonoptionable stocks in 2009. Further, I find a 3 percentage point drop in the mean
likelihood that an optionable stock will appear on the Threshold List relative to a nonoptionable stock. Finally, mean stock borrow costs for optionable stocks range between
21 and 23.5 basis points higher for optionable stocks in 2009. For the first robustness test,
which includes data from 2008:Q3, all results are statistically significant at the 1% level.
For the second robustness test, which compares data from 2008:Q2 and 2009:Q2, all
results are significant at the 1% and 5% levels.
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2.7.2Russell3000stocksthatchangedoptionability
I test the hypotheses that the trading pattern of optionable stock differs from that
of non-optionable stock due to the OMM Exception, using only the second quarter of
2008 data (when the OMM Exception was in effect). Here, I exploit variations in 82
Russell 3000 stocks that changed from being non-optionable to optionable in the second
quarter of 2008.
In this new specification, the point estimates are identified by the variation of
these 82 stocks. These stocks are my treatment group. My control group is Russell 3000
stocks whose options status did not change in the second quarter of 2008. Given that
there are relatively few stocks in my treatment group, I expect that the precision of the
estimates is much lower than those reported before. Using this subsample also likely
produces weaker results than those in previous specifications because many of the 82
stocks became optionable at the end of the second quarter, generating only a few
observations to estimate the effect of the option status.
Finally, I expect that both the magnitude and the persistence of the effects of
changes in the optionable stock status are smaller than in previous estimates. This is
because I analyze only a relatively short time period, and it takes several days for FTDs
to register at the clearinghouse and even longer for stocks to appear on the Threshold
List.
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Table 2-8: Effect of change in option status during the OMM Exception

Table 2-8 contains results from this new specification, using only data from the
second quarter of 2008 when the OMM Exception was in effect. As with previous
specifications, I include the stock borrow spread and the natural log of volume. The point
estimates of interest are the indicators for whether a stock is optionable and the
interaction of this variable with the stock borrow spread.
The dependent variables in Table 2-8 are log FTDs in columns 1 and 2, FTDs as a
percentage of shares outstanding in columns 3 and 4, and whether a stock was on the
Threshold List in the columns 5 and 6. For each dependent variable I estimate the base
specification first and then include the spread, trading volume, and an interaction term
between spread and optionability. In all base specifications, the coefficient on
optionability has the predicted positive sign. When a stock becomes optionable, log
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FTDs, FTDs as a percentage of shares outstanding, and the likelihood of being on the
Threshold List all increase.
The point estimates on optionable stock are statistically significant in the
regressions with log FTDs and FTDs as a percentage of shares outstanding as the
dependent variables. When I control for volume and spread, the point estimates on the
option status become insignificant. Further, when the dependent variable is FTDs as a
percentage of shares outstanding or presence on the Threshold List, the spread for
optionable stock has the predicted positive and statistically significant sign, lending
support to Hypothesis 2.
I also estimate specifications as in Table 2-8 using alternative reference groups in
just the second quarter of 2008. In one specification, I estimate the effects of the OMM
Exception using those stocks that had a change in their option status and only the subsample of stocks that were optionable throughout that quarter. In another, I estimate the
effects using the group of stocks that experienced a change in their option status and only
the sub-sample of stocks that were not optionable throughout that quarter. In a final
specification, I exclude stocks from the regression that did not incur a change in their
optionable status. As in Table 2-8, all of these specifications include ticker fixed effects.
The estimates for these alternate specifications are similar to those reported in Table 2-8.

2.7.3Dailyindicatorvariables
Another concern may be that daily overall market activity in the second and
fourth quarters of 2008 is correlated with the SEC rule change and that this daily activity
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may explain my results. Thus, I include an indicator variable for each trading day. This
allows for a functional form more flexible than a control for the overall market activity,
such as daily volatility or the Russell 3000 Index. When I include an indicator for each
trading day, I obtain results that are quantitatively and qualitatively similar to those
reported above.

2.7.4DollarvalueofFTDs
I have heretofore discussed FTDs in terms of shares that have failed to settle, both
as a logarithm and as a percentage of shares outstanding. An alternative is to analyze the
dollar value of daily net fails. I therefore re-estimate Equation 2-1 and Equation 2-2 using
the logarithm of the dollar value of fails as the dependent variable.
When I re-estimate Equation 2-1 using dollar values, the point estimates show
that eliminating the OMM Exception reduced the dollar value of fails by 57%–59%.
These results are statistically significant at the 1% level and provide additional support
for Hypothesis 1.27
When I re-estimate Equation 2-2 using the logarithm of the dollar value of fails,
the point estimate on Spread*OMM Exception Elimination is 0.53. This indicates that,
after the rule change, a 100 basis point increase in borrow rates decreases the value of
fails by 53%. Again, all point estimates are statistically significant at the 1% level. Thus,
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I omit results for an additional robustness test in which I shift FTDs back in time by three days to account
for the T+3 settlement cycle. The point estimates are identical in direction, and similar in magnitude and
statistical significance, to those reported in the tables. All non-reported results are available on request from
the author.
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my results hold regardless of whether I consider FTD quantities or dollar values for my
analysis.

2.7.5HardǦtoǦborrowstocks
I re-estimate Equation 2-3 to examine the effects of the Exception rule change on
hard-to-borrow stocks only. First, I limit the sample to threshold securities. For this
subsample, elimination of the OMM Exception increased stock borrow spreads by 157
basis points. This is about four times higher than the 35–36.5 basis point increase for the
full sample documented in Table 2-6. Next I re-estimate Equation 2-3 using the subsample of negative rebate stocks, which I characterize as hard-to-borrow. For this group,
elimination of the Exception increased stock borrow spreads by 530 basis points. All
results are significant at the 1% level.

2.8Conclusion
This chapter investigates how changes to financial market rules and institutions
affect incentives to trade stocks. I show that elimination of the OMM Exception to SEC
Regulation SHO’s trade close-out requirements changed traders' incentives to fail to
deliver optionable and non-optionable stocks differently. Optionable stocks incurred
smaller and less persistent FTDs than non-optionable stocks after the Exception
elimination was in effect, and FTDs in optionable stocks were less sensitive to changes in
stock borrow spreads.
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I also show that, after the Exception was eliminated, optionable stocks became
more expensive to borrow. This is consistent with the prediction that there was lower
demand to borrow optionable stocks while the Exception was in effect. These results
suggest that elimination of a market making close-out exception raised the cost to sell
short through the options market. Finally, I find that elimination of the Exception reduced
the quantity of outstanding options contracts. From this I conclude that the OMM
Exception elimination raised options prices and thus lowered options market liquidity.
Elimination of the Exception closed a loophole that allowed OMMs to incur fewer
costs by failing when the cost of borrowing stock for shorting purposes was high. These
results are consistent with SEC, SRO, FINRA concerns about abuses by market makers
who were not engaged in bona-fide market making. These abuses resulted in multiple
enforcement actions against OMMs including the Arensteins (AMEX, 2007a, 2007b) and
Wolfson (SEC, 2012). Though the Exception had reasonable origins, it ultimately
produced opportunities for misuse and fraud.
Due to the incomplete and imprecise nature of settlement data, however, little can
be known about trade origination from public data sources. Continuous net settlement
makes it impossible for parties other than the clearing firms to distinguish between trades
executed by market makers and customers or to associate fails with specific trades. As a
result, publicly available data regarding unsettled positions at the clearinghouse cannot be
linked to specific market makers or specific trades by investors or institutions.
Nevertheless, the AMEX (2007a, 2007b), SEC (2012), and other enforcement
actions suggest that OMMs may have played a role in the rise in FTDs between 2005 and
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2008. Moreover, the Wolfson case (SEC, 2012) shows that OMMs had an incentive to
naked short sell and continuously fail to deliver threshold stocks to provide inventory to
large prime brokers.
My analysis documents a tension between certain institutions that foster liquid
markets and the potential misuse of those institutions. Regulations designed to promote
liquidity may alter incentives, create new trading opportunities, distort prices, and
undermine prompt trade settlement. Thus, this chapter underscores the fact that wellintentioned regulations can have important unintended economic consequences.
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3. EXCHANGE-TRADED FUNDS, FAILS-TO-DELIVER, AND MARKET
VOLATILITY

3.1Introduction
Average daily ETF trading volume grew from $15 billion in 2004 to $75.6 billion
in 2011 and is now over one trillion dollars in asset value. As ETF trading volume has
grown, so have ETF trade settlement failures. In 2011, average daily net ETF fails-todeliver (FTDs) at the clearinghouse were $1.64 billion.28 Moreover, ETF tickers with
large and persistent FTDs are a large and growing portion of all FTDs (Office of
Economic Analysis, 2011). The size and persistence of ETF settlement failures is
puzzling given that SEC rules require timely trade close-out with few exceptions.
In this paper I explain why ETF FTDs remain large and persistent despite SEC
rules designed to reduce settlement failures. To that end, I test whether ETF short selling
and market making contribute to ETF FTDs. I focus on short selling because market
index ETFs are popular vehicles for hedging through short selling. Moreover, ETF short
interest often exceeds shares outstanding. An extreme example of this phenomenon is the
SPDR S&P Retail ETF (NYSE: XTR). This ETF was over “500% net short” in June
2009, meaning that five times more shares had been sold short than issued (Bogan et al.,
2010).
My research contributes to and stands apart from earlier studies on short selling,
options market making, and FTDs. Boni (2006) and Evans et al. (2009) find evidence that

28

Data on market valuations are from the Center for Research in Security Prices (CRSP). Data on
settlement failures are from the SEC Freedom of Information Act (FOIA) Office.
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market makers fail to deliver when it is expeditious to do so, but these findings pre-date
the current regulatory environment. The SEC enacted significant changes to short sale
close-out requirements by implementing Regulation SHO in 2005 and revising it in 2007,
2008, and 2009 to reduce so-called naked short selling and FTDs. I am the first to
demonstrate how and why FTDs persist long after Regulation SHO was enacted,
amended, and strengthened.
Different from the previous literature, I use panel data to determine whether, and
to what extent, ETF short selling has contributed to the rise in ETF FTDs. Using data
from 2009 through 2011, I document a positive and statistically significant relationship
between ETF daily short sale volume and ETF FTDs.
I am the first to analyze whether stock borrow costs contribute to ETF FTDs.
Using a proprietary stock lending database, I find that ETF FTDs increase as stock
borrow costs rise, while controlling for a number of other factors. This result is consistent
with the hypothesis that FTDs are caused by short sellers who fail to deliver to avoid
borrow costs.
I am also the first to document a statistical relationship between ETF put option
open interest and FTDs and to analyze whether ETF FTDs are related to quarterly “triple
witching” dates, dates when equity index futures and options expire. I find that ETF
FTDs spike on the third Friday of the third month of each financial quarter, a date
associated with quarterly triple witching. This result establishes that options market
activity increases ETF FTDs.
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I am then the first to document that ETF shares outstanding vary with ETF short
sale demand. I also demonstrate that positive changes in ETF FTDs predict higher market
index volatility. These results are linked by the fact that ETF share creation and
redemption impact component stock demand.
Thus, I hypothesize that increased volatility in major market indices six days after
an increase in ETF FTDs reflects close-out activity by ETF market makers. This is
because SEC rules require market makers to close-out FTD positions by trade date plus 6
days (“T+6”). To close-out unsettled ETF positions, market makers buy, borrow, or
create new ETF shares. To create new equity ETF shares, a market maker buys or
borrows shares of component stocks.
I use a vector autoregression (VAR) model to demonstrate that positive changes
in weekly mean ETF FTDs, including U.S. Equity ETF FTDs, Granger-cause higher
market index volatility in following weeks. I document this effect for three major market
indices for the period from August 2009 through July 2011. Given the large dollar value
of ETF trading relative to the rest of the market, my results explain, in part, the finding
that market index volatility has increased since the 2008 financial crisis (Sullivan and
Xiong, 2012).
In the next section of this paper, I discuss the institutions relevant to ETFs, short
selling, and clearance and settlement. I then review the relevant empirical literature.
Lastly, I present hypotheses, the empirical results, and conclude with a discussion of my
findings.
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3.2Institutions
3.2.1ExchangeǦtradedfunds
ETFs offer the liquidity of a stock and the investment characteristics of a mutual
fund. Like stocks, ETF shares can be bought and sold readily on securities exchanges.
Highly liquid ETFs have listed options and futures contracts. ETF shares can also be lent,
borrowed, and sold short through a margin account or, for hedge funds or large
institutions, through a prime broker. Thus, unlike mutual funds and other investment
companies, ETFs can be sold short.29
ETFs are registered with the SEC under the Investment Company Act of 1940 and
are legally classified as investment companies. There are three types of investment
companies: open-end funds, closed-end funds, and unit investment trusts (UITs). ETFs
were not foreseen by the 1940 Act and exist through an exception to the Act. 30
ETFs share many characteristics with open-end and close-end funds, but they
have unique features that set them apart.31 First, ETF providers or “sponsors” do not issue
shares directly to investors or institutions.32 Rather, ETF providers issue shares to
Authorized Participants (APs), who are market makers or brokerage firms, through the
exchange of “creation units.” An Equity ETF is made up of component stocks, and APs

29

Richard A. Ferri provides an excellent review of ETFs in The ETF Book (2009), Hoboken, NJ: John
Wiley & Sons.
30
“Exchange-traded funds have obtained exemptive relief to (1) allow them to register as mutual funds
under the Act even though their shares are not individually redeemable (ETFs are, however, prohibited
from referring to themselves as mutual funds.); (2) permit affiliated entities to purchase and redeem shares
in kind rather than in cash; and (3) enable their shares to trade at negotiated prices on an exchange rather
than at a current offering price described in the prospectus or at a price based on net asset value (NAV).”
Source: “Who Regulates ETFs?,” A Guide to Exchange-Traded Funds, Investment Company Institute,
http://www.ici.org/investor_ed/brochures/bro_etf.
31
“Exchange-Traded Funds (ETFs),” SEC, http://www.sec.gov/answers/etf htm.
32
ETF providers are firms like iShares, ProShares, State Street Global Advisors, and others.
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will buy or borrow a basket of the component stocks (commonly in lots of 50,000 shares)
to form one creation unit. APs then exchange this creation unit for the sponsor’s ETF
shares. APs are then the legal owners of the ETF shares, which they may sell into the
market.
ETFs are similar to traditional open-end funds, i.e., mutual funds, and to UITs in
that they issue redeemable shares. Unlike mutual funds and UITs, however, ETFs trade
on national securities exchanges. In that regard, ETFs are similar closed-end funds (SEC,
2004).
New ETF creation units, and thus ETF new shares, can be issued at any time. ETF
shares can be redeemed through a similar process of in-kind transfer between an AP and
the ETF provider. Redemption occurs when the AP sells the underlying basket of stocks,
which then leads to a corresponding reduction of ETF shares. ETF shares outstanding can
vary daily with the creation and redemption process.
Second, ETFs are priced in a unique way relative to other investment companies.
Open-end funds and mutual funds are priced every day at the market close based on the
market value of the fund assets minus the liabilities and expenses of the fund. There is no
discrepancy between the share price and the net asset value (NAV) of a mutual fund. In
contrast to mutual funds, ETFs may trade at any given moment at a premium or discount
relative to the fund NAV (Ferri, 2009). In this regard, ETFs are similar to close-end funds
in that both shares are priced by the market and may differ from the NAV of the
underlying component stocks or assets.
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For some ETFs, discrepancies between share price and NAV may be large and
persistent (Shin and Soydemir, 2010). Deviations from NAV are partly explained by
inefficiencies and time inconsistencies in the share creation and redemption process. ETF
NAV deviations may also result from sudden changes in component stock prices or stock
borrowing constraints that limit the ability of market makers or arbitrageurs to close price
gaps.

3.2.2Shortselling
Short selling in equity markets is a bet that a stock price will decline. In the
textbook short selling scenario, a short seller borrows a certain quantity of stock, sells
that stock, and hopes to buy the same quantity back later at a lower price for return to the
lender. On the trading floor, however, most short selling occurs with just a “locate” on
borrowable shares. A locate is the minimum standard required by SEC Regulation SHO.
Having a locate “requires a broker–dealer to have reasonable grounds to believe that the
security can be borrowed so that it can be delivered on the date delivery is due before
effecting a short sale order in any equity security.”33
The “reasonable grounds” standard has been met if a stock is on a so-called “Easy
to Borrow list” at a clearing firm. In other words, stock has been located to sell short if
that ticker is on an easy to borrow list on that day. According to the SEC, “if the

33

“Key Points About Regulation SHO,” SEC, http://www.sec.gov/spotlight/keyregshoissues htm.
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securities on the Easy to Borrow list have experienced delivery failures, it would not be
reasonable to rely on the list.”34
Regulation T and SEC Rule 15c6-1 mandate a T+3 settlement cycle for equity
securities. Thus, short sale execution and settlement are separated by up to three days
from trade date, both for retail trades and broker positions at the Depository Trust and
Clearing Corporation (DTCC). FTDs are not automatically illegal. According to the SEC,
“failure to deliver securities on T+3 does not violate Rule 15c6-1” (SEC, 2009a, fn 16).
Nevertheless, naked short selling, which the SEC defines as “intentionally failing to
deliver stock within the standard three-day settlement cycle,” is not permitted (SEC,
2007a, fn. 3–4). In other words, intentional FTDs are illegal.
The price to borrow shares to sell short is a stock rebate rate. A rebate is the
portion of collateral investment return that is given back to the short seller as agreed in
the stock lending agreement. Stocks with negative rebates are considered hard-to-borrow
because the short seller receives none of the collateral investment returns and additionally
pays an annualized fee.
For a short seller, investing the short sale collateral in an overnight account incurs
the opportunity cost of not being able to invest in other asset classes. Therefore, the true
cost of borrowing stock is commonly measured as the spread between the daily U.S.
Federal Funds rate and the rebate rate (Evans et al., 2009).

34

“4. Locate and Delivery Requirement – Rules 203(b)(1) and (2),” Responses to Frequently Asked
Questions Concerning Regulation SHO, SEC,
http://www.sec.gov/divisions/marketreg/mrfaqregsho1204 htm.
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Rebate rates are prices and are determined by supply and demand. High borrow
costs may reflect either that there is increased demand to borrow stock to sell short, that
broker–dealers have limited borrowable inventory available for borrowing, or both. Thus,
rebate rates may become negative. Negative rebate rates, however, do not necessarily
reflect an attractive short opportunity. Rebate rates only reflect the intersection of supply
and demand. In fact, high stock borrow costs may incentivize short sellers to use
investment substitutes such as put options.

3.2.3Clearanceandsettlement
The U.S. equity settlement system is designed to promote liquidity. T+3
settlement makes it possible to sell stock short without first borrowing that stock. In a
naked short sale, a short seller does not borrow stock to cover a short sale. A fail-todeliver (FTD) may occur if stock is not delivered to the clearinghouse by trade date plus
three days to close-out the short sale. As discussed above, the SROs and the SEC, not the
DTCC, enforce the T+3 settlement rules.
Common stock and ETF transactions settle through Continuous Net Settlement
(CNS). The CNS system is managed by the National Securities Clearing Corporation
(NSCC), a subsidiary of the DTCC. Because of net settlement, publicly available data do
not reveal the age or origin of an FTD position.35 Thus, one cannot know whether FTDs
are caused by market makers or customers.

35

According to the SEC, “The fails statistics of individual firms and customers is proprietary information
and may reflect firms' trading strategies.” Source: 11. Can I obtain fails information?, SEC Division of
Market Regulation:
Key Points About Regulation SHO, April 11, 2005, http://www.sec.gov/spotlight/keyregshoissues.htm.
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Furthermore, an unknown number of transactions settle outside the CNS system
via so-called “ex-clearing” trades. The DTCC recently introduced a new system, the
Obligation Warehouse, to track ex-clearing and non-CNS trades between brokers.36 There
is no public data on the size, age, or counterparties to FTD trades that occur outside of the
CNS system.
SEC Regulation SHO was enacted in 2005 to reduce outstanding FTDs and test
new short sale rules (SEC, 2004). Regulation SHO also standardized disparate rules on
short selling and market making that had evolved through self-regulatory organizations
(SROs), i.e., stock exchanges such as the NYSE and NASDAQ (SEC, 2003a). According
to the SEC Office of Economic Analysis (2008), Regulation SHO did not initially reduce
outstanding FTDs.
Regulation SHO required the SROs to publish daily Threshold Lists starting in
January 2005.37 These lists contain tickers with FTDs above a specified threshold that
persist for five or more days at the clearing corporation. Thus, longevity on the Threshold
List is one way to measure indirectly FTD persistence in a specific ticker. Regulation
SHO did not, however, reduce the persistence of FTD positions at the clearinghouse. This
is evidenced by the fact that many stocks were on the SEC Regulation SHO Threshold
List for hundreds of trading days.

36

Bari Trontz, “Obligation Warehouse Changes Landscape for Ex-Clearing Trades,” DTCC Corporate
Newsletter, 2011, http://www.dtcc.com/news/newsletters/dtcc/2011/dec/obligation-warehouse-changeslandscape.php.
37
Threshold List are published by five major exchanges: The New York Stock Exchange (NYSE), the
NASDAQ, NYSE Arca, NYSE Alternext, and the Chicago Stock Exchange (CHX).
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The number of FTDs grew until the third quarter of 2008 when the SEC
strengthened short sale locate and close-out requirements. In October 2008, the SEC
passed Interim Final Temporary Rule 204T to address “abusive ‘naked’ short selling in
all equity securities” (SEC, 2008a). Final Rule 204T was enacted on July 31, 2009 (SEC,
2009a). Concurrent with 204T and other regulatory actions, Threshold Lists and the
number of FTDs shrank significantly (Stratmann and Welborn, 2013).
SEC Rule 204T addressed concerns regarding large and persistent settlement
failures in all stocks including common stocks and ETFs.38 While common stock FTDs
fell sharply after 2008, ETF FTDs rose. ETFs are now a “significant portion” of the SEC
Regulation SHO Threshold List, and this indicates that ETF FTDs are persistent and large
in number (OEA, 2011).39 “Currently, ETF fails account for approximately 60 percent of
the nearly $2 billion of daily equity trading fails reported to the SEC, and on some days
they account for 90 percent of all exchange traded fails” (Bradley et al., 2011, p. 6).
Rule 204T modified Regulation SHO in several ways. First, the Regulation SHO
close-out requirements were expanded to include all equity securities, whereas prior
close-out rules applied only to stocks with “large and persistent level of fails to deliver,
i.e., threshold securities” (SEC, 2009a, p. 24). Second, 204T modified the statutory closeout period for both long and short sales to the start of trading hours on the day after
settlement date (T+4). The rule requires market participants with FTDs at the clearing

38

Angel (2008), in an open letter to the SEC, urges the Commission to address the “enormous settlement
failures in the ETF market.”
39
Regulation SHO Threshold Lists are published daily by five major market centers. See “3. Where Can I
Find Threshold Lists?,” Division of Market Regulation: Key Points About Regulation SHO, SEC,
http://www.sec.gov/spotlight/keyregshoissues htm.
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corporation to “close out the fail to deliver position by borrowing or purchasing securities
of like kind and quantity” (SEC, 2009a, p. 13).
Market participants who continue to fail after T+4 are subject to a pre-borrow
requirement for short sales and possible disciplinary action. For all market participants,
the rule imposed “a requirement to borrow or arrange to borrow securities prior to
accepting or effecting further short sales in that security” (SEC, 2009a, p. 30). Given that
a pre-borrow requirement and possible disciplinary action represent an additional cost for
short sellers, the rule effectively imposes a significant penalty.
A statutory pre-borrow requirement for failing to deliver existed prior to Rule
204T. Rule 203(b)(3)(iv) of Regulation SHO imposes a similar penalty on market
participants with outstanding FTDs in Threshold securities older than thirteen
consecutive settlement days. Rule 204T, however, expands the penalty to include all
equity securities, including ETFs, and shortens the close-out period to T+4 days. Rule
204T also permits the SROs or the SEC to impose monetary penalties for failing to close
out aged fail-to-deliver positions (FINRA, 2012).40
Final Rule 204T contains a key close-out exception for market makers.
Specifically, the Final Rule states that FTDs that result from “certain” bona fide market
making must be closed out by the “third settlement day after settlement date (i.e., T+6)”
(SEC, 2009a, p. 14). The purpose of this exception is to ensure market liquidity by
allowing market makers “to facilitate customer orders in a fast moving market” (SEC,

40
See also “SEC Charges optionsXpress and Five Individuals Involved in Abusive Naked Short Selling
Scheme,” SEC, April 16, 2012, http://www.sec.gov/news/press/2012/2012-66 htm.
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2009a, p. 37).41 Because Rule 204T concerns trading in all equities, the close-out
exception concerns ETFs as well.
The temporary market making close-out exception to Rule 204T may create
situations in which FTDs lead to more market volatility. Rule 204(a)(3) “permits a
borrow as well as a purchase to close out a fail to deliver position” (SEC, 2009a, p. 39).
This provision is relevant to my research because a significant and growing segment of
ETF trading concerns so-called “borrow-to-create” and “create-to-lend” transactions. The
former characterizes transactions where market makers or APs borrow and bundle shares
of ETF component stocks to obtain one creation unit (Welter, 2010). The latter concerns
transactions where ETF market makers create ETF shares for securities lending purposes
(Shastry, 2011). These transactions speak to the mechanism by which close-out of ETF
FTD positions contribute to market volatility at T+6.

3.2.4ETFsettlementfailures
ETF settlement failures have been a concern since Regulation SHO was drafted in
2004 when regulators “observed high levels of fails in some ETFs” (SEC, 2004). SRO
representatives from the NASDAQ and AMEX argued, however, that ETF FTDs were
not problematic “[b]ecause ETF shares can be continuously created and redeemed inkind, open clearing positions can be closed-out through the creation of ETFs and the
delivery of securities to the clearing corporation” (NASDAQ, 2004). Similarly, the

41

Also in October 2008, the SEC closed an options market making exception to the locate and close-out
provisions of Regulation SHO that had previously been abused (SEC, 2008b; Stratmann and Welborn,
2013).
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AMEX commented that ETF market makers should be exempt from locate and close-out
requirement in order to guarantee sufficient market liquidity (AMEX, 2004).
The SEC rejected both arguments and declined to exempt ETFs from the
Regulation SHO locate requirements (SEC, 2004). Nevertheless, neither Regulation SHO
nor Rule 204T has reduced ETF FTDs. In 2012, it was reported that the SEC was
conducting an ongoing investigation into “failed trades and ETFs.”42
The regulatory focus on naked short selling and FTDs in ETFs has prompted
responses from industry experts. Nadig (2011) argues that ETFs dominate the Regulation
SHO Threshold List because of a “timing mismatch.” That is, market makers have an
extra three days past settlement date to close-out FTDs, and they take advantage of this
“extra time” (Nadig, 2011, p. 9). This suggests that ETF FTDs are potentially an
opportunistic yet benign response to close-out exceptions.
Similarly, Morningstar, an ETF index licensor, suggests that “The ETF
creation/redemption mechanism, along with the very high velocity of many ETFs' share
bases, explains why settlement failures are more frequent in ETF shares than in common
equities” (Johnson, 2011). Morningstar also argues that the process of creating new ETF
shares to satisfy a settlement obligation may take as long as trade date plus 4 or 5 days.
They suggest that ETF FTDs are ultimately resolved, but not in time to accommodate the
T+3 settlement cycle.43
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Jessica Toonkel, Carrick Mollenkamp and Cezary Podkul, “SEC widens probe of exchange-traded
funds,” Reuters, February 17, 2012, http://www.reuters.com/article/2012/02/17/us-sec-probe-etfidUSTRE81G27020120217.
43
This explanation, however, does not address why ETF FTD levels may be high and persistent, only why
temporary FTDs may occur.
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Amery (2011) contends that ETF market makers have incentives to delay
settlement. First, it may be cheaper to borrow or create ETF shares via an AP rather than
buy them on the open market to cover a short sale. Second, time differences between ETF
rebate rates and financing rates may create arbitrage opportunities for market makers who
delay settlement.
A 2011 report for the Kauffman Foundation argues that ETF FTDs create
systemic risk.

Every fail introduces a cumulative and potentially compounding liquidity risk into the
orderly process of settling the $7.5 trillion of security transactions completed each day,
which could be especially dangerous during times when financial institutions are short of
liquidity (Bradley et al., 2011, p. 2).

An equity research report by Goldman Sachs speaks to the mechanism by which
this liquidity contraction could occur. Boroujerdi et al. (2012) explains that ETFs may
trade in excess of shares outstanding because short sellers borrow and re-lend shares
through “chained lending.” While the Goldman Report argues that chained lending does
not create systemic risk because ETF shares can be bought, borrowed, or created at any
time to unwind short position, “the overall liquidity and availability of an ETF in the
lending process will be directly impacted by that of the underlying securities”
(Boroujerdi, 2012, p. 14).
Similarly, the Goldman Report argues that ETF FTDs are predominantly a result
of heavy trading volumes coupled with AP share creation and redemption delays that last

77

longer than the settlement cycle. Nevertheless, the authors recognize “the potential for
economic loss … if one [is] not able to lend out shares given settlement postponements”
(Boroujerdi, 2012, p. 15). This suggests that ETF FTDs may create stock borrow
constraints that exacerbate market movements.

3.3PreviousresearchonexchangeǦtradedfunds,FTDs,andvolatility
The academic literature on ETFs has grown rapidly since the advent of this new
investment product in the 1990s. Gastineau (2001) provides an overview of the first
generation of ETFs. Elton et al. (2002) study the characteristics and performance of
Standard and Poor’s Depository Receipts (SPDRs, or “spiders”), which are ETFs that
mirror the S&P 500 Composite stock price. The authors conclude that SPDRs have
natural advantages over index mutual funds. Poterba and Shoven (2002) discuss how the
mechanics of ETF creation and redemption present tax advantages for investors.
Gastineau (2002) proposes the “self-indexing fund,” also known as an actively
managed ETF, an idea which the SEC recently approved for trading.44 Engle and Sarkar
(2002), Kostovetsky (2003), Gastineau (2004), Engle and Sarkar (2006) and Harper et al.
(2006) study ETF pricing, NAV discounts and premiums, and ETF performance relative
to index mutual funds. Birdthistle (2008) argues that ETFs are a “positive market
response to the shortcomings of mutual funds.” Guedj and Huang (2009) and Agapova
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In the Matter of iShares Trust et. al., SEC, Release No. 29571, January 24, 2011,
http://www.sec.gov/Archives/edgar/data/732126/999999999711001839/filename1.pdf. See also, “SEC
Concept Release: Actively Managed Exchange-Traded Funds,” http://www.sec.gov/rules/concept/ic25258.htm.
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(2011) determine that ETFs and mutual funds appeal to different investor types and the
two asset classes will continue to coexist.
Some research suggests that ETF pricing is less efficient than one may expect
from Efficient Market Theory. Shin and Soydemir (2010) present evidence that ETF
NAV tracking errors are significantly non-zero and persist over time. Petajisto (2011)
presents similar evidence and concludes that component asset illiquidity drives ETF
mispricing. The author suggests that ETFs comprised of domestic securities are priced
relatively efficiently as a result of higher liquidity. In contrast, ETFs with international or
illiquid components exhibit “nontrivial premiums relative to NAVs” (Petajisto, 2011, p.
22). Schlusche (2009) uses German data to show that index futures may determine ETF
pricing and price volatility.
Madura and Ngo (2008) use short interest data to demonstrate that there is more
short selling in ETFs than in common stocks. The authors claim that this is because ETFs
are a popular hedging and speculation vehicle. According to Christophe et al. (2010),
there is evidence that market makers account for the majority of short sales. Thus, it is
likely that market makers also account for the majority of ETF short selling, although I
cannot test for this given public data.
Wurgler (2010) reviews the index investing literature and speculates that large
capital flows into index funds, including ETFs, inflate component stock prices and
discount the true cost of risk. Similarly, Sullivan and Xiong (2012) demonstrate that
increased equity index trading has led to higher correlations and volatility among stocks.
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Aggarwal (2012) suggests that the increased complexity of ETFs requires significant
regulatory changes to increase transparency and mitigate systemic risk.
Bogan et al. (2012) provide evidence that ETF short selling in excess of shares
outstanding creates systemic risk. “As short interest builds in the ETF shares themselves,
the underlying index equities held by the ETF operator become a fraction of the implied
ownership of the ETF in the market—the rest is promised back by borrowers (short
sellers through their prime brokers). [Thus] the market value of the total ownership of the
ETF far outstrips the underlying assets held in index stocks by the ETF operator” (Bogan
et al., 2012, p. 79). The author argues that ETF values relative to component assets could
be driven to zero during a liquidity crisis such as May 6, 2010 “Flash Crash.” Further,
Bogan et al. (2012) hypothesize that unusually high ETF short interest and settlement
failures are signs of potential market instability.
A significant literature has emerged on the role of ETFs in the May 2010 Flash
Crash. Seventy percent of the equity trades broken by the SROs for price drops in excess
of 60% were in ETFs (CFTC and SEC, 2010a, p. 5). The final report by regulators notes
the “disproportionate impact the market disruption of May 6 had on ETFs” (CFTC and
SEC, 2010b, p. 6).
Borkovec et al. (2010) find that ETF price discovery failed during the Flash Crash
as a result of a sharp liquidity decline. In other words, investors and market maker
stopped trading when prices dropped rapidly. Evidence for this finding comes from the
fact that liquidity dropped in ETFs and their underlying securities prior to price drops for
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these securities. The authors conclude that neither stock market structure nor the
mechanics of ETF creation and redemption were to blame for the Flash Crash.
Conversely, Madhavan (2012) attributes liquidity crises such as the Flash Crash to
problems with market structure and higher market fragmentation. The authors find that
heterogeneity among competing trading venues, which include numerous stock
exchanges and dark pools, creates trading volume fragmentation as well as market maker
quote fragmentation. Madhavan (2012) concludes that asset prices in fragmented markets
are more sensitive to liquidity shocks. For example, on the day of the Flash Crash, market
fragmentation was relatively high.
Cespa and Foucault (2012) develop a theoretical model in which illiquidity in one
asset, like an ETF, can create a liquidity crisis in other assets such as stocks. The authors
use a rational expectations model to characterize the mechanism by which this resulting
liquidity crisis can occur. Ben-David et al. (2012) use a daily panel VAR analyses to
demonstrate that ETF price shocks predict component stock price shocks. The authors
also find that increased ETF ownership of common stocks leads to more volatility in
those stocks.
The literature on naked short selling has grown since the advent of the Regulation
SHO Threshold List in 2005 as well as the public release of FTD data in 2007. Angel and
McCabe (2009, p. 246) argue that “so-called ‘naked’ short selling involves an abuse of
the flexibility in the system for the settlement of stock trades.” PutniƼš (2010, p. 13)
concludes that “US clearing and settlement system does not provide any significant
disincentives for naked short selling.” Stokes (2009) explores legal and regulatory
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remedies for firms that claim to be victims of naked short selling and settlement failures.
Using pre-Regulation SHO data, Evans et al. (2009) demonstrate that market makers
choose to fail when stock borrow costs are high.
Edwards and Hanley (2010) study short selling and FTDs during initial public
offerings (IPOs). The authors find no evidence that naked short selling causes FTDs or
that short sellers earn abnormal returns during IPOs. Stratmann and Welborn (2013)
provide evidence that market makers took advantage of an options market making
exception to the short sale locate and close-out provisions of SEC Regulation SHO. This
led to higher FTDs in optionable stocks relative to non-optionable stocks.
A related literature looks at the relationship between the stock lending market and
prices. Asquith et al. (2005) find that stocks that are short sale-constrained tend to exhibit
abnormal negative returns. Avellaneda and Lipkin (2009) develop a theoretical model to
demonstrate how stock borrow constraints, such as low equity float or high borrow costs,
lead to overpricing and volatility.
Branson (2010) argues that high short sale demand, coupled with weak securities
lending regulation, has led to an opaque stock lending market that does not adequately
restrict manipulative naked short selling. Dive et al. (2011) explore the growing
importance of securities lending as a revenue source for major banks.
Boulton and Braga-Alves (2012) argue that naked short selling does not cause
abnormal negative returns because stocks that appear on the Regulation SHO Threshold
List tend to be overpriced. Lecce et al. (2012), however, reach the opposite conclusion
using data from the Australian Stock Exchange (ASX). The latter authors take advantage
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of a unique feature the ASX whereby certain stocks may be sold short without borrowing
on certain dates. They find that naked short selling leads to higher abnormal negative
returns, higher volatility, and lower liquidity in stocks with higher borrowing costs.

3.4Hypotheses
Short selling may lead to more FTDs for several reasons. First, a short sale may
occur with only a reasonable belief that shares can be borrowed by settlement date, and
thus it is possible that a short sale will fail to settle by T+3. FTDs, which are recorded
three days after trade date, are even more likely for market maker short sales for whom
the close-out requirement is T+6. In contrast, there is little chance that long sales will fail
to settle or remain unsettled because there are no long sale analogs for “locate” or “closeout” exceptions. A long seller represents that they have the shares to sell while a short
sellers represents that they may be able to obtain shares to sell.
Second, market makers are allowed a limited exception from trade close-out
requirements when engaged in bona fide market making. In contrast, it is nearly
impossible for retail customers to naked short sell. The extent to which hedge funds or
large institutional traders engage in naked short selling is unknown, but SEC disciplinary
actions indicate that some FTDs may be the result of institutional customer short sales
(SEC, 2007c).45
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In 2007, the SEC brought action against Goldman Sachs Execution & Clearing L.P. for allowing
improper short sales by clients that resulted in settlement failures. “Specifically, Goldman Clearing’s
records contained information that reflected the Selling Customers were repeatedly failing to deliver to
Goldman Clearing the securities that they purported to sell long” (SEC, 2007c, p. 5).
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Third, high stock borrow costs provide an incentive to naked short sell. This
incentive is strong for market makers, who have historically chosen to fail-to-deliver on
short sales when stock borrow prices were high (Boni 2006; Evans et al., 2009;
Stratmann and Welborn, 2013). Limited inventory of borrowable stock to sell short
provides additional incentive to naked short sell.
Fourth, many ETFs have short interest ratios that are many multiples of shares
outstanding. This discrepancy can lead to ETF FTDs, as there may not be enough shares
to borrow when short interest exceeds shares outstanding.
All of these mechanisms can lead to increased FTDs when short sale activity
rises. Therefore, I hypothesize that more ETF short selling leads to higher ETF FTDs. I
also hypothesize that ETF short selling leads to longer lasting FTDs as measured by the
appearance of an ETF on the Regulation SHO Threshold List. This is motivated by the
fact that the close-out dates for ETF market maker FTD positions can overlap. Thus,
while individual ETF FTDs may be closed out by T+6, the net FTD position for a given
ETF may never drop below the statutory threshold for a stock to drop off of the
Regulation SHO Threshold List.

Hypothesis 1. ETF short selling leads to larger and more persistent ETF FTDs.

Next I consider the relationship between ETF stock borrow rates and ETF FTDs.
Higher borrow rates reduce the demand to borrow stock for short sale purposes. As prices
increase, short sellers will seek substitutes for borrowing. One substitute is to execute a
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short sale without borrowing the stock and then fail to deliver. When stock borrow prices
are high, short sellers have an incentive to naked short rather than to borrow the security
(Stratmann and Welborn, 2013). This suggests that ETF FTDs are a consequence of
avoiding the cost of borrowing. I predict higher FTDs when borrow stock prices increase.

Hypothesis 2. Higher ETF stock borrow prices lead to larger and more persistent FTDs.

My third hypothesis posits that ETF put option trading leads to increases in ETF
FTDs. This is motivated by the substitutability of short sales and put options insofar as
both create an investment profile that provides a positive return when the underlying
stock price declines. If a short seller buys put options, then the options market maker will
generally take a short position to balance the “long” position created by selling a put
option.
All trades that fail to settle after T+3 days register as FTDs at the clearing
corporation, regardless of the whether the FTD originated with a retail customer, and
institution, or a market maker. Because market makers enjoy a T+6 close-out requirement
in the case of bona fide market making, however, I expect ETF FTDs to increase with
market maker short sales. I therefore predict that, as ETF put option open interest (OI)
increases, so will short selling by market makers to hedge those put options positions

Hypothesis 3. ETF put option trading leads to larger and more persistent ETF FTDs.
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My fourth hypothesis concerns the timing of ETF FTDs and whether they are
related to options and futures contract expiration dates. “Triple witching” dates are
quarterly calendar days when stock options, index options and index futures contracts
expire.46 This is the third Saturday of every March, June, September, and December. The
term “triple witching” stems from volatility created by simultaneous expirations of
options and futures as well as higher overall market volume.
Volatility created on triple witching dates derives partly from the buying of index
options contracts that are in-the-money. In a simple example, an options market maker
who sells put options on a specific ETF must short sell an equivalent amount of ETF
stock in order to maintain a “flat” position. When stock borrow prices are high, or
borrowable stock is unavailable, then some options market makers may choose not to
borrow ETF stock to close-out their trades.
Put option contracts that expire in-the-money require the buyer to sell shares to
the option writer, or make equivalent cash settlement, to settle the contract at expiration.
Thus, an ETF options market maker who sells ETF put options that expire in-the-money
on a triple witching date can expect delivery of shares or cash from the customer shortly
thereafter. In this position, an ETF option market maker has little incentive to borrow or
create ETF inventory to hedge the short put position. This is because the market maker
can expect customer delivery by T+6.
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“Triple Witching Days,” Bloomberg, http://www.bloomberg.com/portfolio-impact/2011-09-13/triplewitching-days html.
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Therefore, I predict that ETF market makers will temporarily fail to deliver on
short sales executed on triple witching dates. The effect of this will be that ETF FTDs
increase around triple witching days but decline thereafter as short positions are closed
out. For this reason, I predict that ETFs will not be more likely to appear on the
Threshold List on triple witching dates.

Hypothesis 4. ETF FTDs increase around quarterly “triple witching” days.

My fifth hypothesis addresses the effect of ETF short sale demand on ETF share
creation. ETF shares outstanding can vary daily and even intraday in response to demand
for share creation and redemption. I hypothesize that increased ETF short selling creates
demand for more ETF shares. This occurs in two ways. First, ETF short selling
corresponds to changes in ETF shares outstanding. Second, more ETF short selling
implies more demand for borrowable ETF shares. These shares can either be lent to ETF
short sellers to take new short positions, or they can be lent to ETF market makers to
close-out unsettled positions at T+6.

Hypothesis 5. ETF shares outstanding vary with ETF short sale demand.

My sixth hypothesis addresses the relationship between ETF FTDs and market
index volatility. Together, Hypotheses 1 through 5 suggest that ETF FTDs affect ETF
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share creation. First, Hypotheses 1 through 4 predict that increased ETF short selling
leads to higher ETF FTDs. Second, Hypothesis 5 predicts that ETF shares outstanding
vary with ETF short sale demand. Thus, I predict that ETF share creation increases with
ETF FTDs. Given that ETF share creation involves buying or borrowing component
stock shares, I therefore predict that ETF FTDs contribute to higher demand for
component stocks and thus higher market volatility.
In Hypothesis 6, I investigate whether SEC close-out rules drive a relationship
between ETF FTDs and market volatility. SEC Regulation 204T mandates that all retail
investors and institutions close out FTD positions at the clearing corporation by noon on
trade date plus four days (“T+4”). Market makers have until trade date plus six days
(“T+6”) to settle trades.47
I predict that positive changes in ETF FTDs will be followed by increased trading
activity by market makers at T+6 to satisfy close-out obligations. Market makers are
allowed to buy, borrow, or create ETF shares in order to close-out unsettled FTD
positions, and that process will create volatility. ETF creation/redemption and market
index volatility are thus linked by the buying and selling of ETF component assets. I
therefore predict that positive changes in ETF FTDs lead to increased volatility in major
market indices.
In addition, I predict that the relationship between ETF fails and volatility is most
evident in U.S. Equity ETFs. This is because market indices are composed of stocks and
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As discussed above, the Continuous Net Settlement system makes it impossible to determine whether
FTDs are caused by retail investors, institutions, or market makers.
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not bonds or commodities. Moreover, U.S. market indices are dominated by stocks
domiciled in the U.S. Thus, changes in U.S. Equity ETF fails are even more likely to
predict market volatility
A growing academic literature focuses on the relationship between ETF trading,
liquidity crises, and market volatility. Borkovec et al. (2010), Madhavan (2012), and
Cespa and Foucault (2012) cite the May 2010 Flash Crash as evidence of this
relationship. I focus exclusively on the liquidity effects of ETF FTDs which, for market
makers, represent a liability that must be realized on or before T+6. I predict that the
aggregate effect of buying, borrowing and creating ETF shares to close-out FTD
positions affects the volatility of market index returns.

Hypothesis 6. ETF FTD covering contributes to market index volatility.

3.5Data
Table 3-1 contains daily summary statistics for the 1,209 ETFs traded on U.S.
exchanges between August 2009 and July 2011.48 I use daily data starting in August 2009
because the SEC, FINRA and the SROs started to publish short sale trade data in that
month. August 2009 also follows enactment of the final version of Rule 204T of
Regulation SHO on July 31, 2009.

48

“Complete ETF List,” MasterDATA, http://www.masterdata.com/helpfiles/etf_list htm.
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My sample ends in July 2011. I choose this end date because of the significant
market volatility in August 2011. This volatility was largely a result of economic turmoil
in European credit markets as well as the downgrading of U.S. debt by Standard & Poor’s
(Goldfarb, 2011). Moreover, some data are not available after the third quarter of 2011.
I obtained daily trading data from the Center for Research in Security Prices
(CRSP).49 The mean market capitalization per ETF is $934 million with a standard
deviation of over $4 billion and maximum of $95.9 billion. While most ETFs are valued
under a billion dollars, some ETFs have large market values. Trading volume shows a
similar degree of variability in my sample. Average daily ETF trading volume is $72.8
million with a maximum of $72.6 billion and a standard deviation of $824 million. I
measure all l dollar amounts in real 2010 dollars.
I obtained daily short sale volume data from FINRA, which compiles these data
from various exchanges and market centers.50 Table 3-1 shows that ETF short sale
volume is a significant portion of total ETF trading volume. Roughly half of all ETF
trading volume is due to short selling. In a few cases, reported short sale volume exceeds
total reported volume, which can occur because short sale volume data also account for
after-hours trading, while volume data accounts only for normal trading hours. Mean
short interest is $112 million, or 6% of shares outstanding. Maximum short interest is
$47.6 billion, or 4,875% of shares outstanding.51
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Wharton Research Data Services (WRDS), http://wrds-web.wharton.upenn.edu/wrds/ds/crsp/index.cfm.
“Reg SHO Daily Files,” FINRA, http://regsho finra.org/regsho-Index.html.
51
Shares outstanding data are from Compustat, http://wrdsweb.wharton.upenn.edu/wrds/ds/comp/index.cfm. The SPDR S&P Retail ETF (NYSE Arca: XRT), which
accounts for this data point, has some of the highest FTDs in the data set. XRT was on the Regulation SHO
Threshold List for 850 trading days from June 2006 through December 2011, the longest of any ETF ticker.
50
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Table 3-1: Summary statistics for all exchange-traded funds (ETFs)
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There are at least two possible explanations for the unusually high ratio of short
interest to shares outstanding. First, the normal process of lending, short selling, and relending can lead to a situation in which total shares sold short exceed the number of
shares issued. Second, high FTDs may indicate that short sellers are not borrowing shares
to sell short, which may lead to more short positions than issued shares.52
Daily CNS FTD data is available through the SEC Freedom of Information Act
(FOIA).53 The dollar value of ETF FTDs exhibit the same skewness as market
capitalization data. Mean daily FTDs per ETF are $1.36 million while maximum FTDs
are almost $4.26 billion, with a standard deviation of $21.8 million. While FTDs are, on
average, 1% of shares outstanding, in some extreme cases FTDs are 1200% of shares
outstanding.
SEC Regulation SHO Threshold Lists are posted daily by the NYSE, NASDAQ,
NYSE ARCA, NYSE AMEX and the Chicago Stock Exchange (CHX). A Threshold
stock has FTDs that exceed 10,000 shares and 0.5% of issued shares for at least five days
at the clearing corporation.54 On average, 5% of all ETFs are on the Regulation SHO
Threshold List on any given day with a standard deviation of 22%. Again, the data are
skewed. On some days, 100% of the ETFs in my sample are on the Threshold List.

52

These effects may be exacerbated in stocks with low float, where the ratio of short interest to shares
outstanding appears high but the magnitude of these individual quantities is low. For example, an ETF
ticker may have only 200 shares outstanding on a given day but a bi-weekly short interest of 2000, which
would produce a short interest to shares outstanding ratio of 10.
53
“Frequently Requested FOIA Document: Fails-to-Deliver Data,” SEC,
www.sec.gov/foia/docs/failsdata htm.
54
“Division of Market Regulation: Key Points About Regulation SHO,” SEC,
http://www.sec.gov/spotlight/keyregshoissues htm. These daily lists of Threshold stocks must be
downloaded from each of the five major exchanges, sorted by ticker, and aggregate through time.
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I use proprietary stock rebate data from Finadium, a financial services research
firm. The average ETF stock rebate rate is –1.13 percent, which shows that many ETFs
are hard-to-borrow. Negative rebates indicate that a short seller is obliged to pay an
amount to the lender in addition to posting collateral. In my data set, the “highest”
negative rebate, i.e., the most negative, is –88.79. In this case, the short seller pays the
lender 88.79% of the value of the short position (on a marked-to-market basis).
Instead of stock rebates, my measure for the cost of borrowing is the stock borrow
spread, which is the difference between the daily Federal Funds Rate and the rebate rate.
Interest rates were close to zero for much of the period from 2009 through 2011. Thus,
the spread is very close to the negative of the rebate rate.
In some rare cases, the data show a negative spread. This is due to the fact that the
daily Federal Funds rate is a composite of rates on trades executed throughout a given
day by different broker–dealers.55 Thus, on a few days, the Federal Funds rate is lower
than the quoted rebate rate for some ETFs. Given that the stock lending market is opaque
and rebate rates vary among prime brokers, the daily composite Federal Funds rate is the
appropriate metric for most of my rebate data but not all. When I compute spreads that
are the difference between the daily high in the federal funds market and the quoted
rebate, there are no negative spreads.
Options open interest (OI) data are from DeltaNeutral.com. Table 3-1 shows that
the mean daily put option OI is just under 130,000 shares. The standard deviation is
55

“The daily effective federal funds rate is a volume-weighted average of rates on trades arranged by major
brokers. The effective rate is calculated by the Federal Reserve Bank of New York using data provided by
the brokers and is subject to revision.” Source: “Federal Funds Data,” Federal Reserve Bank of New York,
http://www newyorkfed.org/markets/omo/dmm/fedfundsdata.cfm.
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750,000 and the maximum is 16.6 million shares. These descriptive statistics indicate that
a few ETFs have much higher put option open interest than the average ETF. The number
of observations with put option open interest is 161,892. This is less than half of all
observations, which are about 460,000. This difference in sample sizes reflects the fact
that not all ETFs have listed options.
I include institutional ownership in my analysis as a measure of stock lending
liquidity. My measure of institutional ownership comes from public SEC form 13F
holdings filed by institutions holding stock in ETFs. I obtained those data through
Thomson Reuters via the Wharton Research Data Services (WRDS).56 I downloaded
quarterly 13F filing data for the ETF tickers and then aggregated institutional holdings by
financial quarter. My variable “Institutional Ownership Ratio” measures the ratio of
quarterly institutional holdings to shares outstanding per ETF.
The average ratio of institutional ownership to shares outstanding per ETF is 0.49.
In a few cases, the maximum ratio of institutional ownership to shares outstanding is over
80. This ratio can be greater than one for several reasons. First, the institutional
ownership data are quarterly whereas the shares outstanding data are daily. This can lead
to a data mismatch in which changes to shares outstanding are not reflected in
institutional ownership. Second, ETF lending and re-lending for short sales can create
more beneficial owners than issued shares. Some of those short sales may result in FTDs
that are not close-out, which will magnify the effect.
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“Thomson Reuters Institutional (13f) Holdings - s34 Master File,” WRDS, http://wrdsweb.wharton.upenn.edu/wrds/ds/tfn/sp34/index.cfm.
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Table 3-2: Summary statistics for exchange-traded funds (ETFs) by category
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Table 3-2 contains summary statistics for ETF category. U.S. Equity ETFs are
35.6% of the total and Global Equity ETFs are 27.3% percent of the total. Mean market
capitalization for a U.S. Equity ETF is $1.19 billion, with a maximum of $95.9 billion.
Global Equity ETFs have a mean market capitalization of $914 million and a maximum
of $50.2 billion. Commodity Based ETFs, which are 19.5% of the total sample, have a
mean market capitalization of $597 million and a maximum of $63.3 billion.
Fixed income ETFs have a mean market cap of $1.11 billion and a maximum of
$21 billion. The final two categories, Asset Allocation ETFs and Uncategorized ETFs,
have mean market capitalizations of $25.8 million and $69.2 million, respectively.
Relative to other ETFs, equity ETFs have high fails. U.S. Equity ETFs have mean
FTDs of $2.26 million and a maximum of $4.26 billion, and Global Equity ETFs have
mean FTDs of $700,000 and a maximum of $839 million. Fixed Income ETFs and
Commodity Based ETFs both have mean fails around one million dollars and their
maxima are several hundreds of millions of dollars. The remaining two ETF categories
have low fails.
There are some interesting differences in stock borrow rates between the ETF
categories. Equity ETFs, for example, have the greatest range of rebate rates, with
negative rebates higher than 80% of the principal. While Global Equity ETFs have the
highest mean rebate rates, –1.43, Fixed Income ETFs and Commodity ETFs also have
mean negative rebate rates greater than 130 basis points. U.S. Equity ETFs, the largest
ETF category, have the least negative mean rebate rate, –0.78, next to Uncategorized
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ETFs, –0.17. U.S. Equity ETFs are not necessarily hard to borrow on average, but the
large range of rebates shows that some U.S. Equity ETFs are very hard to borrow.

Figure 3-1: Number of stocks on the Regulation SHO Threshold List

Next, I present descriptive statistics for my key variables and dates in graphical
form. Figure 3-1 contains daily Regulation SHO Threshold List totals from August 2009
through July 2011. The Threshold List contains stocks with FTDs that persist for at least
5 days at the clearing corporation. I measure the totals as the number of stocks on the
Threshold List on a given day. The figure shows that ETFs are a significant percentage of
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the daily Threshold List, indicating that ETFs have persistently high FTDs. I also graph
the number of Russell 3000 stocks on the Threshold List. The Russell 3000 is comprised
entirely of common stocks and contains no ETFs. Figure 3-1 shows that Russell 3000
Threshold stocks are near zero on most days. Regulation SHO Threshold stocks that are
neither ETFs nor Russell 3000 stocks either trade on the OTC Bulletin Board (OTCBB)
stocks or the Pink Sheets.

Figure 3-2: Daily total CNS fails-to-deliver
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Figure 3-2 contains daily FTD dollar values for all stocks, ETFs, and Russell
3000 stocks. Again, daily ETF FTDs are a significant portion of all FTDs, which are
regularly in the $1 to $3 billion range. Fails, measured in dollars, are relatively low for
Russell 3000 stocks. ETF FTDs increase steadily over the time period shown, while
Russell 3000 FTDs remain flat.
ETF FTDs are highly variable and have regular quarterly spikes around so-called
“triple witching” dates, when monthly and quarterly stock options, index options and
index futures contracts expire.57 The spikes are more dominant in Figure 3-2 than Figure
3-1. This indicates that high value ETF triple witching fails are closed out sufficiently
quickly so that the ETFs do not appear on the Threshold List, which contains only stocks
with fails aged five days and longer.
Figure 3-3 and Figure 3-4 contain daily volume and short sale volume for all
stocks, ETFs, and Russell 3000 stocks. These figures show two trends. First, both volume
and short sale volume are relatively flat for all three series. These two figures suggest that
the increases in ETF fails that I documented in the previous two figures are not driven
solely by an increase in ETF trading volume. Second, Figure 3-3 and Figure 3-4 show
that Russell 3000 trading is a higher fraction of total volume and total short sale volume
than the corresponding ETF trading. In contrast, Figure 3-1 and Figure 3-2 show that ETF
FTDs are a higher fraction of total fails than the corresponding Russell 3000 FTDs.

57

“Triple Witching Days,” Bloomberg, http://www.bloomberg.com/portfolio-impact/2011-09-13/triplewitching-days html.
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Figure 3-3: Daily total trading volume

Figure 3-4: Daily total short sale volume
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Figure 3-5 shows spikes in ETF FTDs around triple witching dates. To generate
this figure, I numbered the trading days from the first to the last trading day in a financial
quarter. I did so for each quarter in my sample and then summed fails over each day in
each financial quarter. Then I computed the daily average over all 7 quarters in my
sample. The red graph represents average fails per ETF in each quarter and the green
graph represents average total ETF fails by day in each quarter. The graphs show that,
toward the end of each quarter, ETF FTDs spike. This pattern provides preliminary
support for Hypothesis 6.

Figure 3-5: The triple witching effect

101

Figure 3-6 shows a series of changes in ETF FTDs and a series of index volatility.
The red graph is the change in the weekly average of daily aggregate ETF fails, based on
all ETFs. The green graph is the change in weekly average U.S. Equity FTDs. The blue
graph is the weekly standard deviation of daily Russell 3000 market index returns. Figure
3-6 indicates that there is a positive correlation between changes in ETF FTDs and
market index volatility. Red and green spikes, which reflect positive ETF FTD changes,
tend to preceded blue spikes, which represent increases in market index volatility. Thus,
Figure 3-6 provides some support for Hypothesis 6.

Figure 3-6: Russell 3000 Index volatility and mean change in aggregate ETF FTDs
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3.6Empiricalmodelandresults
3.6.1Hypothesis1:IncreasedETFshortsellingleadstolargerandmore
persistentETFFTDs.
To test this hypothesis I estimate the following equation:

Equation 3-1

FTDit = ȕ1 Short Volumeit + ȕ2 Volumeit + ȕ3 Market Capit + ȕ4 Inst Ownit + Ȗi + İit

I have four measures for my dependent variable. My first measure is the logarithm
of FTD dollar values and my second the logarithm of FTD quantities. For my third
measure, I normalize the number of FTDs by shares outstanding. My fourth measure is an
indicator variable equal to one when ETF i is on the Regulation SHO Threshold List on
day t. This latter variable measures the persistence of ETF FTDs.
In all specifications I include three control variables. The variable Volumeit,
measures the value of shares traded in ETF i on day t and controls for the possibility that
FTDs may increase with volume. The variable Market Capit, measures ETF i’s market
capitalization day t. I include this variable because Madura and Ngo (2008) find that the
level of ETF short interest is higher in ETFs with lower market capitalization. The
variable Inst Ownit is the ratio of shares owned by institutions to shares outstanding for
ETF i on day t. I obtained institutional ownership data from the quarterly 13F filings.
Thus my institutional ownership variable varies by quarter.
Institutional ownership has played an important role in prior empirical short sale
models. D’Avolio (2002), for example, finds that stock borrow rates decline as
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institutional ownership increases. Asquith et al. (2005) use institutional ownership as
proxy for shares available to borrow. These authors hypothesize that Inst Ownit is a
measure of lower of stock borrow constraints. According to this hypothesis, the
coefficient on this institutional ownership is predicted to be negative in Equation 3-1.
In my sample, however, where most ETF rebate rates are negative, I predict that
institutional ownership enters positively in Equation 3-1. I base this prediction on the
incentives of institutional ETF holders and lenders, from whom securities lending is an
important revenue source (Shastry, 2011). When rebate rates are negative, large
institutional ETF holders have market power over potential stock borrowers. Thus, higher
institutional ownership may represent a borrowing constraint for ETFs. This
consideration indicates that the point estimate on institutional ownership in Equation 3-1
is negative.
Equation 3-1 includes indicators Ȗi, which are fixed effects that capture unique
properties of ETF i that are constant over time. Following Thompson (2011) and
Cameron et al. (2011), I cluster my standard errors in two dimensions, that is, by ETF and
by trading day. Clustering in two dimensions accounts for the possibility that FTDs for a
given ETF may be autocorrelated over time as well as for the possibility that, on some
trading days, FTDs tend to increase or decrease on average. Not accounting for clustering
would likely overstate my degrees of freedom.
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Table 3-3: The effect of short selling, spreads, triple witching and put option activity on ETF FTD levels
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Table 3-4: The effect of short selling, spreads, triple witching and put option activity on ETF FTD ratios and persistence
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Table 3-3 and Table 3-4 show regression results when the dependent variable is
the logarithm of daily ETF FTDs. In Table 3, ETF FTDs is measured in dollars and
number of shares. Table 3-4, columns 12 through 17, ETF FTDs are measured as a
fraction of shares outstanding. In columns 18 through 28, the dependent variable is an
indicator for whether ETF i appears on the Regulation SHO Threshold List on day t. In
all regressions, I shift FTDs forward three days in time to account for the settlement
cycle. Thus, FTDs that appear at T+3 are compared to trading that occurs at trade date T.
Table 3-3, the dependent variable for columns 1 through 6 is the dollar value of
log FTDs. For each of the dependent variables, the first four columns are from
regressions that include only the explanatory variables central to each of my hypotheses,
and the flowing two columns include all of these variables plus some control variables.
The last two columns differ in that one includes short sale volume and the other column
uses put option open interest instead. Since market makers hedge put options risk by
shorting the underlying stock, both variables are highly correlated and to a large degree
measure the same trading activity.
The estimated coefficients in Table 3-3 on ETF short sale volume show that a 100
percent increase in short sales increases the dollar volume and the number of fails by
between 33.6 and 45.3 percent. All results are statistically significant at the one percent
level. These findings support my hypothesis that ETF short selling drives ETF settlement
failures, both in dollar values and share quantities.
Table 3-4, columns 13 and 17 show that an increase in the ratio of short interest to
shares outstanding does not lead to a statistically significant increase in the ratio of FTDs
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to shares outstanding. If the number of ETF shares outstanding changes in response to
short sale demand, as I hypothesize, then the lack of statistical significance in this result
is not surprising. Thus, this finding provides indirect support for Hypothesis 5, which I
test directly below.
Finally, I find that a 100 percent increase in log short sale volume increases the
likelihood of an ETF being on the Regulation SHO Threshold List by roughly 8
percentage points (Table 3-4, columns 19 and 23). The point estimates are statistically
significant at the 1 percent level. This finding lends supports to my hypothesis that ETF
short selling contributes both to FTDs and FTD persistence.58
The bottom rows of Table 3-3 and Table 3-4 include point estimates for my three
control variables: volume, market capitalization, and the institutional ownership ratio.
The estimated coefficient on Volumeit indicates that a 100 percent increase in volume
leads to an increase in FTDs of between 14 and 80 percent. As predicted, the point
estimate on Market Capit suggests an inverse relationship between ETF size and FTD
levels. According to the data, if ETF market cap doubles, then log FTDs decline by 25 to
75 percent. All regression coefficients for these two explanatory variables are statistically
significant at the one percent level.
Contrary to the findings of D’Avolio (2002) and Asquith et al. (2005), the
estimated coefficients on the institutional ownership ratio are positive. The bottom rows
of Table 3-3 shows that a 100 percent increase in institutional ownership leads to an
58

I shift the Threshold List data forward by eight days to account for the time it takes from trade date for a
stock with persistent fails to appear on the Threshold List. That is, T+3 plus five days of FTDs at the
clearing corporation. In doing this, I compare trade date to the date when a stock subsequently appears on
the Threshold List.
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increase in ETF FTDs of between 4.8 and 11.1 percent. Depending on the specification,
the coefficient on the institutional ownership ratio is statistically significant at the one,
five, or ten percent level. This result is consistent with the hypothesis that higher
institutional ownership acts like a stock borrow constraint.
In specifications that include put option open interest, however, the coefficient on
the institutional ownership ratio is not statistically significant. This may be because, in
those specifications, the sample contains only optionable stocks. Put options are a near
substitute for short sales, so ETF short sellers have the option of buying put options in
lieu of shorting. Thus, for optionable ETFs, institutional ownership may not act as a
borrowing constraint.

3.6.2Hypothesis2:HigherETFborrowspreadsleadtolargerandmore
persistentETFFTDs.
To test my second hypothesis, I estimate the following equation:

Equation 3-2

FTDit = ȕ1 Spreadit + ȕ2 Volumeit + ȕ3 Market Capit + ȕ4 Inst Ownit + Ȗi + İit

In Equation 3-2, the spread between a given rebate rate and the daily Federal Funds rate
is more positive for harder to borrow stocks. Thus, consistent with the law of demand, I
predict a positive coefficient on Spreadit. A positive estimate of ȕ1 indicates that an
increase in ETF borrowing costs results in higher ETF FTDs.
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The point estimates on Spreadit in Table 3-3 indicate that a 100 basis point
increase in ETF spreads lead to an increase in ETF FTDs of between 8.6 and 14.4
percent. These results are statistically significant at the one and five percent levels and
show that higher stock borrow costs lead to more FTDs. I also find support for the
hypothesis that higher stock borrow costs increase the persistence of FTDs. This is
because the estimated coefficients on Spreadit in columns 19 through 24 of Table 3-4
show that a 100 basis point increase in spreads raises the likelihood that an ETF will
appear on the Threshold List by 6 percentage points. All of these point estimates are
statistically significant at the one percent level.
Table 3-4 shows that stock borrow costs do affect the ratio of FTDs to shares
outstanding, but the effect is quantitatively small. In Table 3-4, columns 13 and 17
indicate that a 100 basis point increase in spreads corresponds to a 0.05 percentage point
increase in the ratio of FTDs to shares outstanding. In these specifications, which include
optionable and non-optionable stocks, the coefficients on Spreadit are statistically
significant at the five percent level. Nevertheless, the small size of the coefficient lends
indirect support to Hypothesis 5, in which I hypothesize that ETF shares outstanding vary
with short sale demand. Column 18, which includes only optionable stocks, shows no
relationship between spreads and the ratio of FTDs to shares outstanding.

3.6.3Hypothesis3:IncreasedETFputoptiontradingleadstolargerandmore
persistentETFFTDs.
Equation 3-3 is identical to Equation 3-1 except that I replace Short Volumeit with
Put OIit, which is the log of put option open interest for ETF i on day t.
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Equation 3-3

FTDit = ȕ1 Put OIit + ȕ2 Volumeit + ȕ3 Market Capit + ȕ4 Inst Ownit + Ȗi + İit
My specifications associated with Equation 3-3 have fewer observations than the
previous regressions because not all ETFs are optionable.
The point estimates on Put OIit in Table 3-3 indicate that a 100 percent increase in
put option open interest leads to an increase in FTDs of between 5.7 and 12.3 percent. All
point estimates are statistically significant at the one percent level. This result supports
my hypothesis that increases in options market making leads to higher ETF FTDs.
The point estimates on Put OIit in Table 4, however, show that changes in put
option OI do not affect the ratio of FTDs to shares outstanding. As stated above, the
mechanism that links put option trading and settlement failures is short selling. If
Hypothesis 5 is correct, then this result is consistent with the fact that ETF shares
outstanding vary with short sale demand.
Similarly, the point estimates in Table 3-4 show that increases in ETF put option
trading does not increase the likelihood of an ETF appearing on the Threshold List. This
suggests that any FTDs that result from short selling tied to put option market making are
temporary. This is consistent with my reasoning that led to Hypothesis 4, which I discuss
next.
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3.6.4Hypothesis4:ETFFTDsincreasearoundtriplewitchingdates.
To test this hypothesis I include a Triple Witchingt indicator variable in my
regression. This variable equals one for the last Friday before a quarterly triple witching
date and zero otherwise. I estimate

Equation 3-4

FTDit = ȕ1 Triple Witchingt + ȕ2 Volumeit + ȕ3 Market Capit + ȕ4 Inst Ownit + Ȗi + İit

In Table 3-3, the coefficients on Triple Witchingt indicate FTDs increase by between 37
and 90 percent on the Friday before a triple witching date. All coefficients are statistically
significant at the one and five percent level when the dependent variable is either the ETF
FTD dollar value, the ETF FTD share quantity, or the ratio of ETF FTDs to shares
outstanding.
The coefficients on Triple Witchingt in Table 3-4, columns 21, 23 and 24, indicate
no increase in the likelihood that an ETF will appear on the Threshold List following a
triple witching date. This is explained by the fact that FTDs increase on a triple witching
date but decline immediately following that date. Since SHOit captures FTD persistence, I
did not predict a relationship between triple witching and whether an ETF is on the
Threshold List.
The results above show strong support for Hypotheses 1 through 4. First I
established that increase short sale volume, stock borrow spreads, and put option trading
lead to higher and ETF FTDs. Next I established that ETF FTDs increase sharply around
quarterly triple witching dates, but these fails are not persistent. Together these results
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suggest that options market making is associated with ETF settlement failures. Next I
retest Hypothesis 1 through 4 using a subsample of U.S. Equity ETFs.

3.6.5U.S.EquityETFsubsample
In Table 3-5 and Table 3-6, I present results when I retest Hypotheses 1 through 4
using a subsample of U.S. Equity ETFs. Table 3-5 and Table 3-6 use the same regression
variables as Table 3-3 and Table 3-4. I estimate separate regressions for this subsample
because U.S. Equity ETFs have the highest levels of both short selling and FTDs. The
point estimates in Table 3-5 and Table 3-6 have the same signs as those in Table 3-3 and
Table 3-4 and similar statistical significance levels. These results provide support for my
previous findings that greater short sale demand and options market making leads to
higher FTDs in U.S. Equity ETFs.
In Table 3-3 and Table 3-5, the differences in the estimated magnitudes of the
coefficients on Spreadit and Triple Witchingt provide an interesting comparison. In Table
3-5, a 100 basis point increase in stock borrow spreads leads to an increase in U.S. Equity
ETF FTDs of between 14.3 and 26.8 percent. These estimates are almost twice the
corresponding estimates in Table 3-3.
Similarly, the point estimates on Triple Witchingt in Table 3-5 are larger for the
U.S. Equity ETF sample than for the full sample in Table 3-3. U.S. Equity ETF FTDs
increase by between 45 and 100 percent on quarterly triple witching dates. These results
are statistically significant at the one percent level and almost double the results for the
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full sample. Moreover, the coefficients on Spreadit and Triple Witchingt are more
precisely estimated than the corresponding coefficients in Table 3-3.
I also estimate separate regressions for subsamples of the other ETF categories,
including Fixed Income (e.g., bond) and Commodity ETFs. While I do not report these
results, several findings are worth noting. First, in a subsample of only Commodity ETFs,
I find no relationship between changes in stock borrow spreads and FTDs. Another
interesting finding concerns a subsample of Fixed Income ETFs. Here I find no
relationship between quarterly triple witching dates and increases in ETF FTDs. This
result supports the hypothesis that ETF FTD spikes around triple witching dates are a
consequence of equity index option arbitrage. In that case, I predict no relationship
between Fixed Income ETF FTDs and index derivatives.
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Table 3-5: The effect of short selling, spreads, triple witching and put option activity on U.S. Equity ETF FTD levels
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Table 3-6: The effect of short selling, spreads, triple witching and put option activity on U.S. Equity ETF FTD ratios and persistence
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3.6.6Hypothesis5:ETFsharesoutstandingvarywithETFshortsaledemand
To test Hypothesis 5, I estimate three separate relationships

Equation 3-5

Shares Outstandingit = ȕ1 Short Volumeit + Ȗi + İit
Equation 3-6

Shares Outstandingit = ȕ1 Spreadit + Ȗi + İit
Equation 3-7

Shares Outstandingit = ȕ1 Put OIit + Ȗi + İit

As before, the equations above include indicators Ȗi, which are ETF fixed effects
that capture every unique characteristic of ETF i that is constant over time. I also cluster
standard errors in two dimensions, by ETF i and by trading day t. Due to high
correlations among regressors, I do not estimate the joint relationship of short volume,
spreads, and put OI on shares outstanding.
Table 3-7 contains results for Hypothesis 5, both for the full ETF sample and for
U.S. Equity ETFs only. The coefficient on Short Volumeit indicates that a 100 percent
increase in short sale volume leads to a change in ETF shares outstanding of between 3.9
and 4.5 percent. Similarly, a 100 basis point increase in spreads leads to an increase in
shares outstanding of between 4.8 and 6 percent. Finally, a 100 percent increase in put
option open interest leads to an increase in ETF shares outstanding of 2.9 percent, but
only in the full ETF sample.
All but one of these results is statistically significant at the one percent level.
From this I conclude that increased short sale demand has a direct effect on shares
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outstanding in ETFs. I consider short sale volume, stock borrow spreads, and put option
OI as direct and indirect measurements of short sale demand. These results support
Hypothesis 5 and explain why my variables of interest appear to have no effect on the
ratio of FTDs to shares outstanding.
Column 6 of Table 3-7 shows that, in the subsample of U.S. Equity ETFs,
increases in put option OI do not affect shares outstanding. This finding is consistent with
the results in Table 3-6 and the related discussion above. The subsample in column 6
contains only optionable U.S. Equity ETFs for which put options are an alternative to
short selling and ETF share creation. Thus, this subsample does not face a short sale
liquidity constraint.

Table 3-7: The effect of short selling, spreads and put option activity on ETF shares outstanding
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3.6.7Hypothesis6:ETFFTDcoveringcontributestoincreasedmarketindex
volatility.
The previous findings suggest that ETF FTDs are not due to random operational
errors but are associated with short sale demand, borrowing costs, and triple witching
dates. It is an open question, however whether FTDs matter for the functioning of
markets. If FTDs do not have negative effects on markets, then FTDs may not represent a
concern other than the fact that some market participants avoid paying borrowing costs.
In fact, one may argue that FTDs help market liquidity by offering flexibility to market
makers and institutional market participants. I address these issues by testing whether
changes in ETF FTDs contribute to market volatility.
I calculate volatility using the standard deviation of daily market index returns
over a given period (Foucault et al., 2011). While Foucault et al. (2011) uses the monthly
standard deviation of daily returns, I use weekly standard deviations. This is in part
motivated by the fact that there are 104 trading weeks between August 2009 and July
2011 but only 24 months. More importantly, by focusing on weeks, I can better capture
the timing between fail date, T+3, and the expected volatility at close-out date, T+6.

3.6.8Volatilitydata
Table 3-8 presents weekly average summary statistics for the period from August
2009 through July 2011. The ETF data in Table 3-8 are weekly means of daily data for all
ETFs, whereas the means in Table 3-1 are calculated across all individual ETFs using the
daily data. The weekly average ETF market value is $862 billion with a maximum of
$1.07 trillion. Average total FTDs are $1.24 billion with a standard deviation of $485
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million and a maximum of $2.6 billion. The fractional change in the weekly mean of
daily average ETF FTDs is 0.13.

Table 3-8: Weekly summary statistics for ETFs and major market indices
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U.S. Equity ETFs account for roughly half of all traded ETFs in market
capitalization and volume. Mean total U.S. Equity ETF market cap is just under $400
billion, with a maximum of just under $500 billion. Mean U.S. Equity ETF FTDs is $754
million and a maximum of $1.94 billion. The mean weekly change in U.S. Equity ETF
FTDs is 28 percent.
The mean daily market cap of the Russell 3000 market index is $12.7 trillion.
This quantity has a standard deviation of $1 trillion and a maximum of $14.6 trillion
during my test period. The mean weekly standard deviation of daily Russell 3000 market
index returns is 0.01. This volatility measure has a maximum of 0.054 and a standard
deviation of 0.007. Mean Russell 3000 FTDs, which, by definition contains no ETFs, are
$372 million, with a standard deviation of $129 million and a maximum of $1.3 billion.
For robustness, I include similar summary statistics for the NASDAQ Composite
Index and the S&P 500 Index. While the NASDAQ and the S&P are smaller indices,
their mean volatility, maximum volatility, and standard deviation are nearly identical.

3.6.9VARModel
I test Hypothesis 5 using two VAR models. The first VAR model uses the weekly
percent change in the daily sum of ETF FTDs (ǻ ETF FTDs). Because FTDs are a stock
variable, I use the change in FTDs to approximate the flow of FTDs in and out of the
CNS system. Both VAR models contain the weekly standard deviation of daily Russell
3000 Index returns (R3K volatility). This is my measure of index volatility.
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The second VAR model is nearly identical to the first except that I substitute
changes in U.S. Equity ETF FTDs for all ETF FTDs. I estimate both VAR models with
one lag using the standard information criteria. The Akaike information criteria (AIC),
the Bayesian (Schwarz) information criteria (SBIC), and the Hannan-Quinn information
criteria (HQIC) all recommend a lag order of one. This is consistent with theory given
that I predict that increases in ETF FTDs lead to FTD covering by market makers at T+6,
which is the following week.
The formal one lag VAR model takes the following form:

Equation 3-8

xt = c+ ȕ1xt-1 + İt
xt Ł (R3K Volatilityt , ǻ ETF FTDst)
The variable ǻ ETF FTDst indicates either the change in all ETF FTDs or a subsample
U.S. Equity ETF FTDs. The ȕi’s are a 2x2 matrix of estimated VAR model coefficients,
and E(İt İt’) = Ȉ is the 2x2 variance-covariance matrix of contemporaneous error terms.

3.6.10GrangerCausality
I estimate Equation 3-8 and test the relationship among the model’s variables.
Granger causality does not imply causation. Rather, Granger causality tests whether lags
of certain variables predict future changes in other variables. As noted above, the
standard information criteria indicate that one lag is the optimal structure for my VAR
analysis. Thus, my Granger causality test will determine whether changes in total ETF
FTDs in one trading week predict market index volatility in the following trading week.
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Table 3-9: VAR and Granger-causality test using weekly aggregate ETF data

Table 3-9 presents the Chi-squared test statistics and statistical significance levels
that correspond to Hypothesis 6. In Equation 1 in Table 3-9, Panel A, the dependent
variable is the weekly volatility of the Russell 3000 Index and the explanatory variable is
lagged changes in net ETF FTDs. The Chi-squared statistic of 9.997, and the p-value of
0.002, indicate that lagged positive changes in weekly average ETF FTDs Granger-cause
higher market index volatility in the following week. Thus, I cannot reject Hypothesis 6.
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Table 3-9, Panel B, contains results when I replace the change in all ETF FTDs
with the change in a subsample of U.S. Equity ETF FTDs. A relationship between ETF
FTD covering and stock market index volatility should be most evident in ETFs that are
explicitly equity based. The results for this U.S. Equity ETF subsample show higher
levels of statistical significance. Specifically, in Equation 1 of Table 3-9, Panel B, the
Chi-squared statistic on the change in weekly average U.S. Equity ETF FTDs is 10.144
with a p-value of 0.001.

3.6.11ImpulseResponseFunctions
I measure the magnitude of changes in market index volatility using a cumulative
orthogonalized impulse response function (COIRF). A COIRF represents the cumulative
impact of shocks to one variable on changes in another variable through time. Figure 3-7
shows the response of Russell 3000 Index volatility and 95 percent confidence intervals
when ǻ ETF FTDs experiences a one-standard deviation shock. The COIRF indicates that
changes to ETF FTDs in one week have a statistically significant effect on market index
volatility in the next week. The magnitude of this effect on volatility is 0.0011. The
standard deviation of weekly Russell 3000 Index volatility is 0.007, so the effect of a
change in ETF FTDs on volatility is 15.7 percent of one standard deviation or 11 percent
of mean volatility.
Figure 3-8 plots the COIRF and 95 percent confidence intervals of Russell 3000
Index volatility when changes in U.S. Equity ETF settlement failures experience a one
standard deviation shock. The figure shows that a one standard deviation change in U.S.
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Equity ETF FTDs increase market index volatility by .0012. This quantity is 17 percent
of the standard deviation of Russell 3000 Index volatility and 12 percent of the mean. The
COIRF indicates that positive changes in U.S. Equity ETF FTDs during week one have a
statistically significant effect on stock market index volatility in week two.
These findings are consistent with Hypothesis 6. The weekly lag between changes
in ETF FTDs and an increase in stock market index volatility suggests that market
participants are buying and/or borrowing shares of common stocks to cover ETF FTD
positions created one week prior. Market makers are the only market participants who
can lawfully delay close-out until T+6. Thus, the data support the notion that market
maker activity is driving the relationship shown in the impulse response functions

Figure 3-7: COIRF of Russell 3000 Index volatility to changes in aggregate ETF FTDs
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Figure 3-8: COIRF of Russell 3000 Index volatility to changes in aggregate U.S. Equity ETF FTDs

3.6.12ForecastErrorVarianceDecomposition
Forecast error variance decomposition (FEVD) quantifies the extent to which
exogenous shocks to the variables in the VAR system contribute to the forecast error
variance. The FEVD is equal to the fraction of forecast error variance attributable to the
shock associated with each time period. Figure 3-9 and Figure 3-10 plot the FEVD for the
effect of ETF FTDs changes on Russell 3000 market index volatility. The estimates
indicate that, from week one to week two, time variation in changes to ETF and U.S.
Equity ETF FTDs contribute to between 5.6 and 6.3 percent of the variation in Russell
3000 Index volatility.

126

Figure 3-9: FEVD for Russell 3000 Index volatility and changes in aggregate ETF FTDs

Figure 3-10: FEVD for Russell 3000 Index volatility and changes in U.S. Equity ETF FTDs

3.7.RobustnessTests
3.7.1.Dailyindicatorvariables
I re-estimate all specifications in Table 3-3 through Table 3-6 and include daily
indicator variables for each day in the sample period. This addresses a potential concern
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that daily overall market activity in the period from August 2009 through July 2011,
including changes in ETF FTDs and short selling, is correlated with exogenous market
factors that may explain my results. The resulting functional form is more flexible than
one variable that measures overall market activity.
When I include an indicator for each trading day, I obtain results that are similar
in direction, magnitude, and statistical significance to those reported in Table 3-3 through
Table 3-6. For example, a doubling in ETF short selling increases ETF FTDs by between
35 and 45 percent. Furthermore, a 100 basis point increase in spreads results in an
increase in ETF FTDs of between 11 and 16 percent. I cannot re-test Hypothesis 4, which
concerns triple witching dates, by adding daily indicators because these indicators are
perfectly collinear with the triple witching indicators.

3.7.2.UsingtheFederalFundsdailyhightocalculatespreads
Due to the imperfect match between the daily composite Federal Funds rate and
stock borrow rebate rate data, a few of the spreads in my data set are negative. This may
be a cause for concern. I therefore test whether my findings regarding Hypothesis 3 are
affected by use of the composite daily Federal Funds rate. For this modified test, my
measure of spreads is the difference between the daily high federal funds rate and the
daily stock rebate rate. I find that, in these specifications, the coefficients on Spreadit are
all very similar to those reported in Table 3-3 through Table 3-6 and remain statistically
significant at the one percent level.
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3.7.3.Usingalternatemarketindicestotestvolatility
I re-test Hypothesis 6 using two alternative market indices, the NASDAQ
Composite Index and the S&P 500 Index. Compared to the Russell 3000 Market Index,
these two alternative equity indices are smaller and less comprehensive. Nevertheless, as
noted before, the summary statistics for weekly volatility are nearly identical. When I use
VAR analysis I find that changes in ETF FTDs and U.S. Equity ETF FTDs Grangercause volatility in the NASDAQ Composite Index and S&P 500 Index. The COIRF and
FEVD are nearly identical in shape and magnitude to the results when I use the Russell
3000 Index. This suggests that ETF FTDs matter for the functioning of all U.S. Equity
markets and all major market indices.

3.7.4.Usingalternatetimeperiodstotestvolatility
In my test of Hypothesis 6, I used weekly means and standard deviations for the
104 weeks from August 2009 through July 2011. One potential concern regarding my
results may be that weekly data lack the specificity required to test a precise relationship
between trade date T, fail date T+3, and market maker close-out date T+6. I therefore retest Hypothesis 6 using the 166 successive 3-day periods from August 2009 through July
2011. In this test, I calculate the change in aggregate mean ETF FTDs for 3-day periods.
Similarly, market index volatility is the standard deviation of daily returns over these 3day periods.
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Table 3-10: 3-day summary statistics for ETFs and major market indices

Table 3-10 contains summary statistics for the 3-day time series data. The mean
and standard deviation of 3-day ETF FTD levels and percent changes are similar to the
weekly data reported in Table 3-8. In addition, the mean and standard deviation of 3-day
market index returns for all indices remain 0.01 and 0.007, respectively. These values are
similar to those for the weekly data.
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Table 3-11 shows that my 3-day results are nearly identical in magnitude and
direction to the weekly results. In Equation 1 of Table 3-11, Panel A and B, the
dependent variable is the 3-day volatility of the Russell 3000 Index. In Table 3-11, Panel
A, the explanatory variable in Equation 1 is lagged changes in net ETF FTDs. The Chisquared statistic of 8.421 and the p-value of 0.015, indicate that lagged positive changes
in 3-day average ETF FTDs Granger-cause increased market index volatility. The results
are similar in Equation of Table 3-11, Panel B, where the explanatory variable is lagged
changes in net U.S. Equity ETF FTDs.

Table 3-11: VAR and Granger-causality test for 3-day aggregate ETF Data
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For both samples of all ETFs and U.S. Equity ETFs, the information criteria tests
suggest a lag order of two. This is consistent with my hypothesis that positive changes in
FTDs as a result of trading at T+0 predict market volatility at T+6, or two 3-day periods
in the future. This finding provides additional support for Hypothesis 6.

3.8.Conclusion
My research establishes several facts about the causes and consequences of ETF
settlement failures. First, the size and persistence of ETF FTDs are in part the result of
ETF short selling. Second, ETF FTDs increase as ETF stock borrow costs increase.
Third, ETF FTDs increase with put option open interest. Finally, ETF FTDs increase on
quarterly triple witching dates. These findings are quantitatively and statistically
significant and robust to the use of alternate specifications and subsamples. The sum of
this evidence suggests that ETF FTDs are neither temporary nor random.
I also show that ETF shares outstanding increase with ETF short sale volume. I
interpret this finding to mean that market makers create ETF shares either to satisfy their
own short sale requirements or for loan to others. Either way, the fact that short sale
demand affects ETF shares outstanding indicates a mechanism by which ETF FTDs
affect market volatility.
I then find that positive changes in aggregate ETF FTDs Granger-cause higher
market index volatility at close-out. I suggest that the ETF share creation and redemption
process is the mechanism by which ETF fails lead to increased market volatility. The
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buying and borrowing of component ETF assets, including stocks, to satisfy FTD
delivery and close-out obligations at T+6 affects the entire market. While I cannot know
for sure whether market making activity leads to higher ETF FTDs, the lag between trade
date and volatility suggests a T+6 relationship.
In the May 2010 Flash Crash, rapid stock price declines made it difficult for ETF
market makers and APs to create or redeem new ETF shares (CFTC and SEC, 2010a and
2010b). Due to net settlement and the three day settlement cycle, it is difficult to test
whether ETF FTDs exacerbate intraday liquidity shocks like the Flash Crash.
Nevertheless, ETF FTDs may engender systemic risk when short positions and ownership
claims exceed shares outstanding, a market condition akin to the game of “musical
chairs.”
If ETF FTDs represent liabilities that must be satisfied through buying or
borrowing stock, then an external shock such as the Flash Crash may force market
participants to realize the costs of those liabilities. These costs can be large, particularly
when stock is expensive or unavailable for purchase or borrow.
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4. FAILS-TO-DELIVER AND ABNORMAL RETURNS

4.1Introduction
From 2004 through 2008, the Securities and Exchange Commission (SEC)
enacted and amended a series of new short sale regulations. These rules were designed to
promote short selling, which provides liquidity and information to the market, but deter
naked short selling. Securities regulators assert that abusive naked short selling can
depress stock prices (SEC, 2009a). If a naked short seller does not borrow shares to
deliver to a broker or the clearinghouse by the end of the three-day settlement cycle, then
a fail-to-deliver (FTD) occurs. Despite new SEC regulations that require prompt closeout, FTDs grew from 2004 through 2008 (OEA, 2009).
The relationship between naked short selling and returns is difficult to estimate
because public trade data do not reveal whether short sales are covered or naked. Net
FTDs, however, can be used as a proxy for naked short sale volume (Edwards and
Hanley, 2010). Historical FTD data are available through the SEC Freedom of
Information Act (FOIA) Office.
Contrary to concerns expressed by policy makers, the academic short sale
literature views FTDs as a symptom of constraints in the stock lending market. Thus,
stocks with high FTDs may be overpriced because short sale volume is below
equilibrium levels. The following analysis supplements the short sale literature by
determining whether high FTDs predict abnormal returns.
Using data on Russell 3000 Index stocks from 2004 through 2008, I find that high
FTD stocks experience abnormal negative returns in both an event study and a portfolio
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analysis using a Fama-French four-factor model. This finding is consistent with other
research that shows that high short interest stocks with nonbinding short sale constraints
experience abnormal negative returns. Thus, FTDs are evidence of a nonbinding short
sale constraint that does not restrict informed short selling. While this research does not
determine whether FTDs depress stock prices, it does demonstrate that stocks with high
FTDs are not short sale constrained.

4.2PreviousResearch
The short sale literature has established two key relationships between short
interest and stock returns. First, in almost all cases, high short interest predicts abnormal
negative returns. Second, short sale constraints may lead to stock overvaluation. A stock
is said to be short sale constrained if shorting is costly or if shortable supply is limited. If
the constraint is binding, then short sellers may not be able to take a short position. If the
constraint is not binding, however, then informed short sellers may be willing to pay
extra to initiate a short position.
Desai et al. (2002) find strong support for the first relationship. They use monthly
short interest data for individual NASDAQ stocks to show that short interest predicts
abnormal negative returns. This relationship is positive and increasing, so stocks with
higher short interest experience more negative abnormal returns in the future.
Angel et al. (2003) find that short selling is concentrated in stocks with positive
returns and high volatility. This is consistent with the view that short sellers are
contrarian investors who short overvalued stocks. Using aggregate data, however,
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Lamont and Stein (2004) find that total market NASDAQ short interest is not a signal of
overall market overvaluation. From 1995 through 2002, total short interest decline when
the NASDAQ market index peaked.
Christophe et al. (2004) demonstrate that short selling increases before negative
earnings announcements. This informed shorting appears to be related to private
information held by some short sellers and not public information about firm
fundamentals, such as high book-to-market valuation. Similarly, Christophe et al. (2010)
find evidence of short selling prior to analyst downgrades in NASDAQ stocks between
2000 and 2001. These authors’ evidence is consistent with a narrative that short sellers
“tip” stock analysts rather than successfully predict downgrades through public
information.
Christophe et al. (2007) analyze both customer and market maker short sale data
from the NASDAQ’s Automated Confirmation Transaction Service (ACT). The authors
find evidence of abnormal negative returns when customer short selling exceeds 10% of
shares outstanding. They also find that market makers short selling is concentrated in
stocks with positive abnormal returns. Boehmer at al. (2010) show that, while heavily
shorted stocks experience negative abnormal returns, lightly shorted stocks experience
positive abnormal returns. The authors state that their results “challenge traditional views
of market efficiency” (Boehmer et al., 2010, p. 97).
A second key finding of the short sale literature is that short sale constraints can
lead to overvaluation. A short sale constraint may exist when stock is too expensive to
borrow and/or unavailable. Figlewski (1981) develops a theoretical model of constrained
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and unconstrained demand for short sales. This model predicts that, in the presence of a
short sale constraint, the short sellers’ equilibrium position size will be reduced but not
eliminated.
When not binding, short sale constraints can actually improve the information
content of short interest. Diamond and Verrecchia (1987) find that short sale constraints
affect the speed with which prices adjust to new negative information but do not result in
abnormal positive returns. The Diamond and Verrecchia (DV) model implies that short
sale constraints that limit only “uninformed” trades may improve the informational
efficiency of short selling. In other words, short sale constraints may “filter out”
uninformed short selling.
Using data from the Australian Stock Exchange, Aitken et al. (1998) find
empirical support for the DV model. The authors show that short sale restrictions
discourage “liquidity-motivated trades” but do not prevent informed short selling. Nagel
(2005) finds that stocks with low institutional ownership are more short sale constrained,
as low institutional ownership may reflect the higher limits supply of loanable stock.
Asquith et al. (2005) offer further support for the DV model. Using a FamaFrench four-factor model, they find that high short interest portfolios underperform the
market. The authors also find that abnormal returns are more negative for stocks with
lower institutional ownership, but only when they analyze equal-weighted (EW)
portfolios. From this finding, the authors conclude that short sale constrained stocks
experience more negative abnormal returns.
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Boehme et al. (2006) find that stocks with both short sale constraints and
divergent investor opinions are overvalued. They use stock borrow costs to determine
whether a stock is short sale constrained. They also assume that firms with exchangetrade options are less constrained relative to non-optionable stocks. This is consistent
with research by Figlewski and Webb (1993) and Danielsen and Sorescu (2001), who
show that the options market acts as a substitute for short sales, and thus the options
market can alleviate overpricing associated with short sale constraints.
Kolasinski et al. (2013a) test the prediction of the DV model that certain short
sale constraints may actually increase the information content of short sales. The authors
find that shorting restrictions imposed during the 2008 SEC short sale ban reduced
uninformed short selling but increased the proportion of informed short selling. Evidence
for this finding comes from changes to the composition of traders in the stock loan
market as well as from the new volume of synthetic short positions in the options market.
The structure of the stock lending market has important consequences for short
sale demand and supply. The price to borrow stock for the purpose of short selling is
measured in rebates. Using proprietary stock lending data, D’Avolio (2002) shows that
the probability of being “special,” e.g., having a negative rebate, decreases with firm size
and institutional ownership. Both firm size and institutional ownership reflect stock loan
supply.
Geczy et al. (2002) assess whether short sale constraints, and thus the profitability
of short selling strategies, differ across sectors, including mergers, IPOs, and high-tech
companies. Jones and Lamont (2002) use NYSE stock loan data from the 1920s and
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1930s to show that stocks that are expensive to short subsequently earn negative
abnormal returns. The authors find that stocks become overpriced when shorting is
difficult. Using daily panel data on stock loan rebates and stock lending volume, Cohen et
al. (2007) find that high short sale demand predicts mean abnormal negative returns of –
2.98% in subsequent months.
Boehmer et al. (2008) analyze propriety short sale flow data from 2000–2004.
Their data allow them to distinguish among different types of short sellers, including
individuals, institutions, proprietary trading firms, and algorithms. The authors find that
the short selling strategies employed by all groups are successful in generating positive
returns, and thus short sellers are generally well informed. Boehmer and Wu (2013) use
intraday NYSE data to demonstrate that stock prices are more accurate when short sellers
are more active. The authors also show that higher short sale flow, e.g. volume, reduces
the time required to incorporate new information into stock prices.
Recent research has focused on the effects of regulations that impose short sale
constraints. Boehmer et al. (2013) demonstrate that the SEC’s 2008 ban on short selling
of roughly 1,000 financial stocks led to reduced market quality and increased intraday
volatility. The authors measure market quality by the size of bid-ask spreads quoted by
market makers. Beber and Pagano (2013) find that short sale bans imposed globally
during the 2008 financial crisis led to lower market liquidity and greater pricing
inefficiency. Boulton and Braga-Alves (2010) demonstrate that restrictions on naked
short selling in 19 financial firms during the 2008 financial crisis led to positive abnormal
returns and lower market quality for those stocks.
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The literature on naked short selling and FTDs has developed only recently, in
part because limited FTD data was not published by the SEC until 2007. Boni (2006)
analyzes pre-Regulation SHO settlement fail patterns using NSCC FTD data from three
dates in 2003 and 2004. That paper provides evidence that market makers strategically
fail-to-deliver when stock borrow costs are high. Boni also predicts that Regulation SHO
will reduce liquidity and increase short sale constraints for hard-to-borrow stocks by
reducing the ability to fail-to-deliver.
Short sellers can establish short positions through options, and thus options prices
and stock borrow rates are related. Evans et al. (2009) show that, when it is cheaper for
options market makers to fail-to-deliver instead of borrowing stock to cover short sales,
the relationship between stock borrow costs and options prices is weak. An options
market maker who writes a put option must short an equivalent amount of stock to
maintain a “flat” position. At the time, SEC regulations that allowed options market
makers to fail in lieu of paying to borrow stock were meant to lower short sale constraints
and improve options market liquidity.
Culp and Heaton (2008) develop a theoretical model in which short selling and
naked short selling are economically equivalent. Fotak et al. (2009) find that naked short
selling reduces the volatility of stock price returns. Devos et al. (2010) study naked short
selling in a small sample of 116 Real Estate Investment Trusts (REITs) from 2007 to
2008. They find evidence that, while most FTD positions are temporary, large and
persistent FTDs predict small but statistically significant abnormal negative returns.
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Autore et al. (2011) study abnormal returns around threshold events, e.g., when a
stock appears on the Regulation SHO Threshold List. They find evidence that stocks that
appear on the Threshold List experience immediate positive abnormal returns, which
subside over time. The authors conclude that stocks appear on the Threshold List when
short sale constraints are binding, which contributes to overvaluation, and “fails are the
most appropriate publicly available variable to assess the extent to which short sale
constraints are binding” (Autore et al. 2011, p. 4). The authors also find that stocks in the
top quartile of FTDs as a percentage of shares outstanding underperform the market in
future time periods.
Boulton and Braga-Alves (2012) find that naked short selling and FTDs are
correlated with positive abnormal returns. They interpret this result to mean that naked
short sellers are contrarian investors who trade on perceived stock overvaluation. The
authors also find that their results are consistent with the hypothesis that naked short
selling is a bullish signal for investors because stock buying associated with covering
naked short sales can create short squeezes in hard-to-borrow stocks.
Lecce et al. (2012) use an event study methodology to analyze the effect of naked
short selling on returns and volatility for stocks traded on the Australian Stock Exchange
(ASX), which allows naked short selling in certain equity issues. The authors find that
stocks with high short sale constraints experience negative abnormal returns when naked
short sales are allowed.
In sum, the short sale literature has focused on fails-to-deliver as evidence of
binding short sale constraints. By this logic, stocks with high FTDs may be overvalued.
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In the next section, I will develop an alternative hypothesis regarding FTDs and short sale
constraints. I hypothesize that high FTDs predict abnormal negative returns similar to
high short interest. This is because fails-to-deliver are evidence of nonbinding short sale
constraints. FTDs may occur when shorting is costly, but those costs only deter
uninformed shorting. The resulting short positions and prices fully incorporate all
available information from informed short sellers.

4.3Hypotheses
The short selling literature finds that short sale constraints lead to positive
abnormal returns because stock prices do not fully incorporate all available negative
information. The naked short selling literature suggests that FTDs are the result of short
sale constraints, and thus Regulation SHO Threshold stocks will experience abnormal
positive returns. Absent from the short sale literature, however, is an analysis of returns
in stocks in the highest percentiles of FTDs relative to shares outstanding. Below I model
the effect of high FTD ratios on abnormal returns to test whether short sale constraints
are binding. This model generates novel predictions.

Hypothesis 1: High FTDs indicate informed short selling in presence of a nonbinding
short sale constraint. Thus, high FTDs predict abnormal negative returns.

Short interest reflects market demand to short a given security (Asquith et al.,
2005). FTDs, however, contain information about both short sale supply and demand.
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FTDs occur when short sale demand exceeds shortable supply and short sellers are
willing to accept additional cost and risk. FTDs indicate that a short sale constraint is
non-binding because a short position has been realized, and high FTDs indicate that short
selling is occurring in large quantities.
Regulation SHO imposed uniform standards for short sale locate and close-out
that make FTD positions costly and risky, in terms of both monetary cost and risk of
enforcement action. Diamond and Verrecchia (1987), Asquith et al. (2005) and
Kolasinski et al. (2013a) find evidence that short sale constraints may improve the
information content of short sales. Similarly, high FTDs indicate that informed short
sellers are willing to accept both high cost and risk in order to sell short a hard-to-borrow
security. Thus, high FTDs predict abnormal negative returns.
In most cases, FTDs result when a short seller fails to deliver shares by T+3.
Regulation SHO, enacted in 2005, was designed to reduce FTDs by requiring prompt
close-out of unsettled positions by trade date plus 13 days (“T+13”). Nevertheless, from
2005 through Q3 2008, FTDs increased as did the number of stocks on the Regulation
SHO Threshold List. This suggests that Regulation SHO did not impose a binding short
sale constraint.
SEC Regulation SHO did not reduce FTDs because Regulation SHO’s short sale
locate and close-out requirements were not binding. Rather, short sellers used exceptions
to Regulation SHO to establish short positions in securities that would otherwise be
prohibited. Large and persistent FTD positions indicate that informed short sellers used
trading strategies to create and maintain short positions in hard-to-borrow stocks.

143

For example, the so-called Options Market Maker (OMM) Exception to
Regulation SHO allowed OMMs to delay close-out of FTD positions connected with
bona fide market making. The Exception was designed to promote market liquidity by
lowering costs for market makers, who traditionally did not pay to borrow stocks (Evans
et al., 2009). For optionable securities, the Exception lowered the cost of put options and
increased the supply of loanable shares, thus reducing short sale constraints.
The Exception reduced the cost of creating synthetic short positions through
options. Costs were lower because via this trading strategy, OMMs did not have to pay to
borrow stock to hedge options sales. For example, the Exception allowed an OMM
engaged in bona fide market making to hedge the sale of put options by naked short
selling and failing to deliver an equivalent quantity of stock. Furthermore, an OMM
could postpone close-out of this FTD position for the life of the option, though not in
Threshold securities. Stratmann and Welborn (2013) find evidence that the cost of buying
put options increased after OMM elimination, meaning that short sale constraints
increased.59
Thus, high FTDs are not necessarily evidence of binding short sale constraints.
Rather, high FTDs indicate that short sale constraints were avoided by shifting regulatory
burdens associated with short sale locate and close-out to options market makers. The
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The OMM Exception also reduced short sale constraints by increasing the supply of shortable stock in
hard-to-borrow securities. In an enforcement action against one options market maker, the SEC (2012)
found that the Exception was used to increase supply of loanable stock in hard-to-borrow optionable
securities for prime brokerage firms. “The brokerage firm could then loan out the shares of the threshold
securities and received fees from the borrowers. Those loan fees can be quite significant when the stock is a
threshold security, because threshold securities are generally hard to borrow and therefore command large
fees in the stock loan market” (SEC, 2012, pp. 4–5). Other enforcement actions by the AMEX (2007) and
the SEC (2009b and 2012) support the allegation that the OMM Exception was used unlawfully.
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SEC eliminated the Exception in 2008 when it became clear that OMMs were responsible
for large and persistent FTD positions as well as potentially abusive naked short selling
(SEC, 2008b). Soon thereafter, FTDs in optionable stocks fell relative to non-optionable
stocks (Stratmann and Welborn, 2013).

Hypothesis 2: Short interest is correlated with large and persistent FTDs.

My second hypothesis is a corollary to Hypothesis 1. If high FTDs do not
represent a binding short sale constraint, as stated Hypothesis 1, then short interest will be
increasing with FTDs. Consider a situation in which a short seller initiates a short
position, fails-to-deliver stock to a prime broker or clearing broker by T+3, and
subsequently fails to close-out. In this example, the FTD is evidence that a short position
has been established, albeit in an unconventional manner. Thus, I predict FTDs to
increase monotonically with short interest.

Hypothesis 3: Put option open interest is correlated with large FTDs.

Hypothesis 3 is a corollary of Hypotheses 1 and 2. Short sellers can trade options
to create positions that are economically equivalent to short sales. In addition, for the
time period examined in this paper, options market makers had opportunity and incentive
to sell put options on hard-to-borrow stocks, short sell an equivalent amount of the
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underlying equity, and then fail to deliver to avoid borrow costs. If short sale constraints
are not binding when shortable stock is expensive to borrow or in limited supply, then
FTDs will increase with put option open interest. Thus, for the period for when the SEC
did allow some fails, which is prior to 2008, Hypothesis 3 predicts that higher FTDs
predict increased put option OI.

Hypothesis 4: Higher institutional ownership varies positively with FTDs.

The fourth hypothesis is an extension of the existing short sale constraint
literature. The prevailing finding in this literature is that higher institutional ownership
increases the supply of shortable stock and therefore lowers stock borrow costs. D’Avolio
(2002) demonstrates that, as institutional ownership increases, stock borrow rates decline.
Relatedly, Asquith et al. (2005) find that stocks with lower institutional ownership have
higher abnormal returns because this nonbinding short sale constraint deters uninformed
short selling.
From a securities lending perspective, however, institutions have strong
incentives to participate in the stock loan market, particularly when securities are hard-toborrow. If a stock is “special,” e.g., has a negative rebate rate for short sale collateral,
then the lender receives a fee in addition to all returns on the collateral posted by the
short seller. Kolasinski et al. (2013b) find that the securities lending market is opaque and
search costs are high, particularly when there is high demand to short, and “the
magnitude of the lending fee … is increasing in lenders’ bargaining power” (Kolasinski
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et al., 2013b, p. 562). This means that, as institutional ownership in certain hard-toborrow securities is more concentrated, borrowing costs will rise accordingly. In other
words, “specialness” should increase with institutional ownership. And since high FTDs
stocks are usually special, then institutional ownership will rise with FTDs.
Evidence for Hypothesis 1 provides additional support for a positive relationship
between FTDs and institutional ownership. According to Hypothesis 1, short sale
constraints imposed by Regulation SHO were not binding because institutional traders
avoided the close-out of FTD positions. For example, the SEC (2012) describes one
motive for this behavior. According to this SEC enforcement action, an OMM used
complex options strategies to create shares of valuable hard-to-borrow securities. Prime
brokers then bought these shares in order to obtain inventory for loan to short selling
clients.60 From an ownership perspective, these trades resulted in higher institutional
ownership in high FTD stocks. This framework predicts that borrow rates increase with
the market power of the stock lender, for which institutional ownership is a proxy.

Hypothesis 5: FTD vary inversely with market capitalization.

D’Avolio (2002) demonstrates that stock borrow costs tend to fall as firm size
increases. This is because firms with smaller market capitalization, and therefore smaller
equity float, are less liquid than large firms. This constraint directly affects prices in the

60

See footnote 1 for references to related SEC enforcement actions.
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stock lending market. For example, Kolasinski et al. (2013b) find that specialness varies
inversely with firm size.
Additionally, small cap stocks experience more short selling. Asquith et al. (2005)
find stocks in the 99th percentile of short interest are small-cap. Furthermore, Boulton and
Braga-Alves (2012) find that firms that appear on the Threshold List multiple times tend
to have smaller market capitalization, and lower per-share prices, than firms that appear
on the Threshold List just once. In other words, smaller firms tend to experience more
persistent FTDs.

4.4Data
Table 4-1 contains daily summary statistics for the 4,149 equity issues that were
part of the Russell 3000 Index from April 1, 2004 through June 30, 2008. The data begin
in April 2004 because that is the start of the SEC FOIA FTD data set. The SEC initiated
discussion of amendments to Regulation SHO in 2008:Q3. Thus, to ensure regulatory
consistency in the analysis, the data set ends on June 30, 2008.
Table 4-1 contains daily summary statistics for the Russell 3000 Index tickers.
Panel A contains daily average results for the full sample, and Panel B contains daily
averages for stocks in the 99th percentile of FTDs. FTD data are from the SEC FOIA
Office and Threshold List data are from the SROs. Short interest, 13F institutional
ownership, options open interest (OI), and daily trading data are from the Center for
Research in Security Prices (CRSP) via Wharton Research Data Services (WRDS).
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Table 4-1: Summary statistics for Russell 3000 Index stocks, 2004:Q2 through 2008:Q2
Thes a mpl ei s defi nedby4,149ti ckers tha ta reorwerepa rtoftheRus s el l 3000Index.Da i l y
da ta begi nonApri l 1,2004,thes ta rtoffa i l ͲtoͲdel i ver(FTD)da ta fromtheSECFreedomof
Informa ti onAct(FOIA)offi ce(s ec.gov/foi a /docs /fa i l s da ta .htm).Theda ta endonJune30,2008,
whentheSECbega ntocons i derma jorcha nges toRegul a ti onSHO.Thres hol dLi s ts a repos ted
da i l ybytheNYSE,NASDAQ,NYSEARCA,NYSEAMEXa ndChi ca goStockExcha nge(CHX).Stock
pri ce,vol ume,s horti nteres t,s ha res outs ta ndi ng,opti ons openi nteres t,a ndi ns ti tuti ona l 
owners hi pda ta a refromtheCenterforRes ea rchi nSecuri tyPri ces (CRSP)vi a Wha rton
Res ea rchDa ta Servi ces (WRDS).Al l dol l a ra mounts a rei nrea l 2010dol l a rs .
Variable

N
Mean
PanelAͲFullSample
Fa i l s ͲtoͲDel i ver($;mi l l i ons )
3,192,840 0.69
Ra ti oofFTDs toSha res Outs ta ndi ng
3,192,840 0.00
FrequencyontheRegul a ti onSHOThres hol d 3,188,967 0.02
Ma rketCa pi ta l i za ti on($;mi l l i ons )
3,195,747 5,340.00
Vol ume($;mi l l i ons )
3,195,747 42.30
Ra ti oofVol umetoSha res Outs ta ndi ng
3,195,747 0.01
ShortInteres t($;mi l l i ons )
2,996,233 139.00
Ra ti oofSItoSha res Outs ta ndi ng
2,996,233 0.06
Ins ti tuti ona l Owners hi p(mi l l i ons )
2,833,231 97.80
2,833,231 0.72
Ra ti oofIOtoSha res Outs ta ndi ng
PutOpti onOpenInteres t(thous a nds )
2,126,577 29.76

Std.Dev Min

Max

9.88
0 7,910.00
0.006
0 0.63
0.13
0 1.000
20,100.00 0.91 548,000.00
163.00
0 18,000.00
0.02
0 3.04
267.00
0 6,690.00
0.06
0 1.13
292.00
0 6,120.00
0.27
0 4.79
99.55
0 2,925.64

PanelBͲ99thFTDPercentile
Fa i l s ͲtoͲDel i ver($;mi l l i ons )
32,417 29.10
Ra ti oofFTDs toSha res Outs ta ndi ng
32,417 0.03
FrequencyontheRegul a ti onSHOThres hol d 32,257 0.74
Ma rketCa pi ta l i za ti on($;mi l l i ons )
32,417 895.00
Vol ume($;mi l l i ons )
32,417 36.40
Ra ti oofVol umetoSha res Outs ta ndi ng
32,417 0.04
ShortInteres t($;mi l l i ons )
29,471 190.00
Ra ti oofSItoSha res Outs ta ndi ng
29,471 0.25
Ins ti tuti ona l Owners hi p(mi l l i ons )
26,264 31.60
26,264 0.71
Ra ti oofIOtoSha res Outs ta ndi ng
PutOpti onOpenInteres t(thous a nds )
26,783 61.31

89.90
0 7,910.00
0.04
0 0.63
0.44
0 1.00
1,980.00 1.07 99,600.00
138.00
0 7,230.00
0.09
0 3.04
261.00
0 3,850.00
0.16
0 1.13
49.70 0.01 2,210.00
0.41
0 4.79
108.91
0 981.92

Panel A shows that, for the full sample, mean daily FTDs are $690 thousand with
a standard deviation of $9.88 million. Maximum daily FTDs are $7.91 billion. Most
tickers have zero FTDs on any given date. Similarly, the average stock is on the
Threshold List for 2% of the days in the sample, but this statistic has a standard deviation
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of 13% and a maximum of 100%. This means that most Russell 3000 Index tickers never
appear on the Threshold List.
Panel B shows that, for the 99th percentile, mean daily FTDs are $29.10 million
with a standard deviation of $89.90 million. The average stock in this sample is on the
Threshold List for 74% of the total time period with a standard deviation of 44%. The
summary statistics suggest that, within stocks in the 99th FTD percentile, there are a
handful of stocks with large and persistent FTDs relative to the mean.
Mean daily market capitalization is $5.34 billion for the full sample and $895
million for the 99th FTD percentile. Thus the summary statistics provide some support for
Hypothesis 5, that FTDs are concentrated in small cap stocks. Average daily volume for
high FTD stocks his higher than in the full sample, but the maximum dollar value of
volume is lower. This may be because high FTD stocks experience more trading and
price volatility than the average equity issue.
The mean ratio of short interest (SI) to shares outstanding is 6% for the full
sample and 25% for the 99th percentile. The maximum SI ratio is 113%. One explanation
for this is that different short interest reporting periods (monthly or bi-monthly) and
shares outstanding reporting (monthly or quarterly) may create a timing mismatch that
temporarily distorts the ratio. Alternatively, “chained lending” through repeated short
selling of the same quantity of stock may create more ownership claims than issued
shares, a scenario which is likely with high FTDs.
The dollar value of mean institutional ownership (IO) is higher for the full sample
than for the 99th FTD percentile, but mean IO ratios to shares outstanding are roughly
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equivalent at 0.72 and 0.71, respectively. The standard deviation of the IO ratio, however,
is much higher in the 99th percentile. This suggests that a subset of stocks within the 99th
percentile have high IO ratios. The maximum IO ratio is 479%, which may be driven by
factors similar to those discussed above for short interest, such as chained lending and
high FTDs.
Mean daily put option open interest (OI) is higher in the 99th percentile than in the
full sample. For high fails stocks, mean daily put OI is 61.31 thousand, or put contracts
on 6.131 million shares, compared 29.76 thousand for the full sample. Maximum put OI
in the full sample is 2.925 million compared to 981 thousand for the 99th FTD percentile.
The full sample has higher maximum put option OI because stocks in the full sample are
larger on average and have higher float and liquidity.
Figure 4-1 illustrates the relationship between the aggregate daily dollar value of
FTDs and volume for Russell 3000 Index stocks during the period from 2004:Q2 through
2008:Q3. Even though FTDs are a stock variable and volume is a flow variable,
aggregate volume and FTDs are highly correlated. At the end of 2008:Q3, aggregate
Russell 3000 FTDs were roughly $5 billion dollars on any given day. This is 2.5% of
$200 billion in aggregate daily Russell 3000 volume.
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Figure 4-1: Daily Russell 3000 Index trading volume and net FTDs

Figure 4-2 illustrates the trajectory of the Russell 3000 stocks on the Regulation
SHO Threshold List. Between January 2005 and June 2008, the number of Russell 3000
stocks on the Threshold List grew from roughly 100 per day to between 200 and 300. As
discussed before, these are stocks with FTDs that persist for five days at the clearing
corporation. Given the T+3 settlement cycle, a stock with persistent FTDs will appear on
the list seven days after trade date.
To qualify for the list, FTDs must exceed with 10,000 shares or .5% of shares
issued and outstanding. I discuss later why this Threshold is relatively low and many
Russell 3000 stocks appeared on the Threshold List at least once during this period. Note
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that a number of Threshold List stocks are not part of the Russell 3000 Index, and I do
not include them in the totals in Figure 4-2. These include stocks on Pink Sheets and
OTC Bulletin Boards.

Russell3000Index

Russell3000StocksontheRegSHOThresholdList
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Figure 4-2: Daily Russell 3000 Index level and Regulation SHO Threshold totals

Figure 4-3 shows daily 50th, 90th, 95th, and 99th percentiles for FTD to shares
outstanding ratios for Russell 3000 stocks. The 50th percentile is zero everywhere. The
99th percentile grows from an FTD ratio of 1% to 2.5% in 2008:Q3. The 90th and 95th
percentiles are closer to zero than they are to the 99th percentile. Together with Figure 4-1
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and Figure 4-2, the data illustrate that FTDs are highly concentrated in a few Russell
3000 stocks, and those FTDs are large and persistent. In subsequent sections, I will test
whether stocks with high FTD ratios experience abnormal negative returns. I focus on the
subsample with FTD ratios even higher than the 99th percentile.
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0.015
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Figure 4-3: Daily FTD to shares outstanding ratio percentiles for Russell 3000 Index stocks
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4.5EmpiricalModelandResults
4.5.1Hypothesis1:HighFTDsareevidenceofanonbindingshortsale
constraint.
I test Hypothesis 1 in two ways. First, I use an event study methodology to test
whether stocks that cross a high FTD threshold relative to shares outstanding experience
cumulative abnormal negative returns. I focus on stocks that cross and remain above the
high FTD threshold for 1, 2, and 3 consecutive days.
Second, I follow Asquith et al. (2005) and calculate time series abnormal returns
using a Fama-French regression model. I use daily, weekly, and monthly data to calculate
returns for five FTD ratio portfolios: 2.5% & <5%, 5% & <10%, >10%, 95th
percentile & <99th percentile, and >99th percentile. The factor returns are provided by
Kenneth R. French.61

4.5.2EventstudyofstockswithhighFTDRatios.
I estimate normal firm performance in two ways. First, I follow the market model
suggested by Brown and Warner (1980, 1985) and Campbell et al. (1997). For each
equity issue that crosses a high FTD threshold, I estimate normal firm performance
during the thirty day period that begins sixty days prior to the threshold event.

Equation 4-1

Rit = Įi + ȕi Russellmt + İit

61
“U.S. Research Returns Data,” Kenneth R. French,
http://mba.tuck.dartmouth.edu/pages/faculty/ken french/data_library html.
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In Equation 4-1, Rit are daily returns for security i on date t and Russellmt are daily
returns for the Russell 3000 Index. For each Russell 3000 ticker i, I obtain ȕi, which is the
portion of daily returns that are “normal” relative to market returns. I consider only the
first “event” for each firm, as it may be difficult to re-calculate normal firm performance
after a high FTD event.
Second, for robustness, I estimate normal firm performance using the four-factor
model suggested by Fama and French (1993) and Carhart (1997):

Equation 4-2

Rit -RFt = Įi + ȕ1i (Russellt -RFt ) + ȕ2i SMBt + ȕ3i HMLt + ȕ4i UMDt +İit

In Equation 4-2, the dependent variable, Rit -RFt, represents daily returns for
ticker i minus the risk free rate. Similar to the market model, I obtain ȕ1i which captures
the normal performance of firm i relative to the Russell 3000 Index minus the risk free
rate, Russellt -RFt.
The factor returns are calculated by Kenneth R. French. SMBt is the return on a
portfolio of small cap stocks minus the return on a portfolio of large cap stocks on day t.
HMLt is the return on a portfolio of high book-to-market value stocks, or “growth”
stocks, minus the return on a portfolio of low book-to-market value stocks, or “value”
stocks. UMDt is a momentum factor based on the return on a portfolio of “winners”
minus the return on a portfolio of “losers” as calculated by Kenneth R. French.
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My first approach is similar to that used by Autore et al. (2011), who calculate
cumulative abnormal returns for stocks that appear on the Regulation SHO Threshold
List. As discussed above, however, this threshold is arguably low. In fact, “(f)irms move
on and off the threshold lists with great regularity” (Autore et al., 2011, p. 5). While I
include calculations of abnormal returns for stocks that appear on the Threshold List, I
focus on the performance of firms that achieve much higher FTD Thresholds as these
may be less short sale constrained.
I report results for the high FTD ratio events in Table 4-2. Panel A shows mean
cumulative abnormal returns (CARs) for high FTD event stocks for which I estimate
normal performance using the market model. Panel B shows mean CARs when I estimate
normal performance using a Fama-French four-factor model. I report CARs for stocks
that remain above the high FTD ratio for 1, 2, and 3 consecutive days.
There are five event categories. “SHO” denotes stocks that appear on the
Regulation SHO Threshold List, “ 2.5%” denotes stocks for which FTDs exceed 2.5% of
shares outstanding, and “ 5%” and “ 10%” are similarly defined. “ 99th” represents
stocks in the highest FTD ratio percentile. These are the same thresholds used by Asquith
et al. (2005) for stocks with high short interest relative to shares outstanding. For this
event study, I do not use truncated samples because only a few stocks achieve very high
FTD ratios, and truncation would reduce statistical power. Thus, successive high FTD
ratio events may include the same stocks.
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Table 4-2: High FTD ratio event study for Russell 3000 Index stocks
Thi s ta bl ereports mea nreturns forevents tudi es ofda i l yreturns whenthera ti oofFTDs to
s ha res outs ta ndi ngcros s es a percenta gethres hol d.Da i l yRus s el l 3000ti ckerda ta a reforthe
peri odfromApri l 1,2004throughJune30,2008.InPa nel A,norma l ti ckerperforma ncei s 
es ti ma tedus i ngthema rketmodel wi tha 30da yes tima ti onwi ndow30Ͳda ys pri ortotheevent.
InPa nel B,norma l ti ckerperforma ncei s es ti ma tedus i ngtheFa ma ͲFrenchfourfa ctormodel .
Theda i l yfa ctorreturnrea l i za ti ons a reprovi dedbyKennethFrench.TheSHOportfol i oi s 
compos edofs tocks tha ta ppea rontheRegul a ti onSHOThres hol dLi s tforthefi rs tti me.The
ш2.5%portfol i oi s compos edofa l l Rus s el l 3000Indexs tocks whos era ti oofFTDs tos ha res 
outs ta ndi ngexceeds forthefi rs tti me.Theш5%,ш10%,a ndш99thpercenti l eportfol i os a re
s i mi l a rl ydefi ned.Sta nda rderrors a rei npa renthes i s ;***p<0.01,**p<0.05,*p<0.1.

1Da y
2Da ys
3Da ys

1Da y
2Da ys
3Da ys

PanelAͲEstimationusingthemarketmodel
SHO
ш2.5%
ш5%
ш10%
Mea n N
Mea n
N
Mea n
N
Mea n
Ͳ0.0069 749
Ͳ2.120** 464
Ͳ3.899** 160
Ͳ7.867**
(0.174)
(0.842)
(1.588)
(3.779)
0.480* 743
Ͳ2.209** 462
Ͳ3.851** 160
Ͳ9.584**
(0.260)
(0.859)
(1.685)
(4.109)
0.874** 743
Ͳ0.998 456
Ͳ2.48 160
Ͳ8.403*
(0.354)
(0.980)
(1.849)
(4.641)
PanelBͲEstimationusingaFamaͲFrenchFourFactorModel
SHO
ш2.5%
ш5%
ш10%
Mea n N
Mea n
N
Mea n
N
Mea n
0.224 749
Ͳ2.288*** 464
Ͳ4.201*** 160
Ͳ8.251**
(0.181)
(0.848)
(1.604)
(3.835)
0.698** 743
Ͳ2.509*** 462
Ͳ4.120** 160
Ͳ10.18**
(0.273)
(0.872)
(1.733)
(4.220)
1.088*** 743
Ͳ1.288 456
Ͳ2.579 160
Ͳ9.053*
(0.370)
(0.993)
(1.889)
(4.729)

N
55
55
54

N
55
55
54

ш99th
Mea n
N
Ͳ0.779** 1082
(0.360)
Ͳ0.875** 1081
(0.373)
Ͳ0.823** 1080
(0.411)

ш99th
Mea n
N
Ͳ0.827** 1082
(0.363)
Ͳ0.945** 1081
(0.381)
Ͳ0.776* 1080
(0.413)

For some FTD ratio categories, sample sizes for the 2 and 3 day estimations are
smaller than the 1 day estimations. This is because high fail ratios are not necessarily
persistent. Also, as noted above, for each ticker I consider only the first high FTD event
during the period from 2004 through 2008. This controls for the fact that, once a stock
experiences high FTDs, estimating normal performance may be subjective. Thus, these
CAR estimates are conservative because the same small sample of stocks experience
repeated high FTD events.

158

Table 4-2 illustrates three important trends among high FTD event stocks. First,
stocks that cross a high FTD ratio threshold have progressively higher CARs during the
event period. For example, mean CARs for stocks that cross the 2.5% ratio have CARs
over –2%. Similarly, stocks that cross the 10% FTD ratio have mean CARs of between –
7.8% and –10.18% during the event period. The 99th percentile has mean CARs of
between –.77% and –.945%, which indicates how FTDs are concentrated in a few stocks
that are further to the right of the 99th percentile. In most cases, mean CARs are
significant at the 5 percent level.
Second, consistent with Autore et al. (2011), stocks that appear on the Regulation
SHO Threshold List experience positive abnormal returns. This is especially true as
stocks approach three consecutive days on the Threshold List. For example, SHO
Threshold stocks experience mean positive CARs of between .87% and 1.088% two to
three days after the event. This is consistent with the existing short sale literature, which
finds that low levels of settlement fails indicate a liquidity constraint in the stock lending
market that contributes to stock overvaluation.
Third, Table 4-2 also indicates that the high FTD effect may decline after 3 days.
For high FTD event stocks in the 2.5% and 5% range, mean CARs are not statistically
significant from zero after 2 days. For the 10% range and the 99th percentile, mean CARs
are negative but statistically significant at the 10 percent level. This suggests that the
market quickly incorporates new information associated with high levels of short selling,
both naked and covered.
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4.5.3PortfolioanalysisofhighFTDratiostocksusingFamaǦFrenchfactors.
I follow Asquith et al. (2005) and calculate daily, weekly, and monthly portfolio
returns using the four-factor model discussed above:

Equation 4-3

Portit -RFt = Įit + ȕ1 (Russellt -RFt ) + ȕ2 SMBt + ȕ3 HMLt + ȕ4 UMDt +İit

The dependent variable, Portit -RFt, is the return on a portfolio i on date t. In
Equation 4-3, the variable of interest is the intercept, Įit, which represents the abnormal
return on portfolio i during period t. I employ the four-factor model differently in the
portfolio analysis as compared to the event study. In the event study, I used the fourfactor model to obtain a more accurate estimate of normal firm performance relative to
the market, or ȕ1. In contrast, I use a four-factor model in the portfolio analysis to
estimate abnormal returns through time.
Portfolios are defined as in the event study but are truncated so that no stocks are
counted twice. On a given day, the “SHO” portfolio contains only those stocks on the
Regulation SHO Threshold List.62 Similarly, the “ 2.5% & <5%” portfolio contains only
those stocks whose FTD ratio is greater than or equal to 2.5% and less than 5%. The
portfolios labeled “ 5% & <10%,” “ 10%,” “ 95th & <99th percentile” and “ 99th
percentile” are similarly defined.

62

To qualify for the Threshold List, a stock must have persistent FTDs at the clearing corporation for at
least 5 days, including settlement date, or seven days after trade date. Thus, the sample size for the “SHO”
portfolio may be smaller than the sample size for portfolios of stocks with higher FTD ratios. This is
because the high FTD ratio portfolios have no persistence requirement.
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I estimate Equation 4-3 using daily, weekly, and monthly data. I calculate equalweighted (EW) and value-weighted (VW) returns for daily, weekly, and monthly
portfolios and report time series regression results in Table 4-3, Table 4-4, and Table 4-5,
respectively. Weekly data use a three-factor model as Kenneth R. French does not
provide a weekly momentum factor. In all tables, the variable of interest is the Intercept,
which indicates the mean abnormal return for a given portfolio of across time.
Table 4-3 contains four-factor model results for daily data. The results indicate
that the one-day effect of high FTDs is negative for equal-weighted portfolios of very
high FTD ratio stocks. In column 7 of Table 4-3, the coefficient on the intercept indicates
that mean daily abnormal returns for an equal-weighted portfolio of stocks with a 10% or
greater FTD ratio is –0.359%. The mean coefficient on equal-weighted portfolios of SHO
stocks, 2.5% to 5%, and 5% to 10%, and 99th FTD ratio percentile stocks are negative but
not statistically significant.
In contrast, coefficients on the intercept for value-weighted portfolios are positive
and statistically significant. For column 12 in Table 4-3, the coefficient on the intercept
indicates that stocks in the 99th FTD ratio percentile experience 0.19% abnormal returns.
This result is consistent with Autore et al. (2011) and Boulton and Braga-Alves (2012),
who find that stocks with low FTDs experience positive abnormal returns due to binding
short sale constraints.
Another explanation for positive and statistically significant coefficients on the
daily intercepts is that high FTDs are a result of short selling in response to
overvaluation, e.g., positive abnormal returns. By this logic, stocks with positive
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abnormal returns that experience a sudden increase in FTDs will subsequently experience
negative abnormal returns. A third explanation is that low FTDs are not binding enough
to filter out uninformed short selling. I look at weekly and monthly returns for the same
portfolios to determine which explanation is correct.
I report results for weekly and monthly four-factor time series regressions in
Table 4-4 and Table 4-5. I calculate weekly and monthly EW and VW returns for high
FTD ratio stocks. A stock qualifies for a weekly or monthly FTD ratio portfolio when its
maximum FTDs are within the portfolio bounds. Thus, a stock whose maximum FTDs
are between 5% and 10% during a given week or month would qualify for the “ 5% &
<10%” portfolio.
Table 4-4 shows that monthly portfolios of high FTD stocks subsequently
experience negative abnormal returns. While all of the coefficients are negative, the 10%
and 99th percentile FTD ratio portfolios are statistically significant at the one percent
level. Stocks whose maximum FTDs exceed 10% in a given month experience between –
8.57% and –8.69% abnormal negative returns. Similarly, stocks whose FTD ratios are in
the 99th percentile experience –2.5% to –2.7% abnormal negative returns.
I report weekly results for high FTD ratio portfolios using a Fama-French threefactor model in Table 4-5.63 The weekly results are similar to the monthly results in that
the coefficients are negative across all portfolios. Only the 10% and greater FTD ratio
portfolio, however, is statistically significant. Columns 7 and 8 indicate that weekly
returns for stocks with FTDs ratios above 10% are between –1.767% and –1.949%.

63

As mentioned above, Kenneth R. French does not calculate a weekly momentum factor.
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Table 4-3: Daily Fama-French four-factor model parameters
Da i l yda ta a refortheperi odfromApri l 1,2004throughJune30,2008.Ina l l ti mes eri es regres s i ons wi throbus ts ta nda rderrors ,the
dependentva ri a bl ei s Ma rketͲRF,theexces s da i l yreturnovertheri s kͲfreera teonei thera nequa l l ywei ghted(EW)orva l ueͲwei ghted
(VW)portfol i o.SMBi s theda i l yreturnona portfoli oofs ma l l s tocks mi nus theda i l yreturnona portfol i oofbi gs tocks .HMLi s theda i l y
returnona portfol i oofhi ghbookͲtoͲma rket(va l ue)mi nus l owbookͲtoͲma rket(growth)s tocks .UMDi s theda i l yreturnona portfol i oof
pri orwi nners mi nus thereturnona portfol i oofpri orl os ers .Theda i l yfa ctorreturnrea l i za ti ons a reprovi dedbyKennethFrench.TheSHO
portfol i oi s compos edofa l l Regul a ti onSHOThres hol dStocks ona gi venda te.Theш2.5%&<5%portfol i oi s compos edofa l l Rus s el l 3000
Indexs tocks wi tha ra ti oofFTDs tos ha res outs ta ndi nggrea tertha n2.5%butl es s tha n5%.Theш5%&<10%,ш10%,ш95th&<99th
percenti l e,a ndш99thpercenti l eportfol i os a res i mi l a rl ydefi ned,a ndportfol i os a reupda tedda i l y.Sta nda rderrors a rei npa renthes i s ;
***p<0.01,**p<0.05,*p<0.1.
SHO
ш2.5%&<5%
ш5%&<10%
ш10%
ш95th&<99th
ш99th
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
Ma rketͲRF 1.234*** 1.200***
(0.033) (0.038)
SMB
1.045*** 0.957***
(0.073) (0.081)
HML
0.287** 0.267**
(0.113) (0.132)
UMD
Ͳ0.467*** Ͳ0.438***
(0.049) (0.058)
Intercept Ͳ0.0392 0.136***
(0.030) (0.033)
N
R Ͳs qua red

870
0.70

870
0.64

1.568*** 1.493***
(0.10)
(0.12)
0.713*** 0.778***
(0.22)
(0.23)
0.506
0.556
(0.31)
(0.36)
Ͳ0.607*** Ͳ0.592***
(0.14)
(0.18)
Ͳ0.103
0.172*
(0.08)
(0.09)
1049
0.23

1049
0.18

1.170*** 0.967***
(0.12)
(0.10)
1.322*** 1.239***
(0.23)
(0.22)
0.15
Ͳ0.154
(0.34)
(0.30)
Ͳ0.508*** Ͳ0.410***
(0.14)
(0.14)
Ͳ0.128
0.0354
(0.09)
(0.09)
1018
0.17

1018
0.16

1.272*** 1.031***
(0.23)
(0.21)
1.031* 1.257**
(0.56)
(0.49)
1.299* 0.475
(0.70)
(0.63)
Ͳ0.821** Ͳ0.609**
(0.34)
(0.27)
Ͳ0.359* Ͳ0.262
(0.20)
(0.19)
894
0.05

894
0.05

1.239*** 1.210***
Ͳ0.0243 Ͳ0.0302
1.184*** 0.912***
Ͳ0.0455 Ͳ0.0591
0.147** 0.253***
Ͳ0.0637 Ͳ0.0943
Ͳ0.429*** Ͳ0.362***
Ͳ0.0327 Ͳ0.0443
0.0511*** 0.171***
Ͳ0.0162 Ͳ0.0216
1051
0.87

1051
0.76

1.320*** 1.251***
(0.05)
(0.06)
1.042*** 0.974***
(0.11)
(0.11)
0.456** 0.421**
(0.18)
(0.20)
Ͳ0.562*** Ͳ0.511***
(0.09)
(0.10)
Ͳ0.0657 0.191***
(0.04)
(0.05)
1051
0.52

1051
0.42
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Table 4-4: Monthly Fama-French four-factor model parameters
Monthl yda ta a refortheperi odfromApri l 1,2004throughJune30,2008.Ina l l ti mes eri es regres s i ons wi throbus ts ta nda rderrors ,the
dependentva ri a bl ei s Ma rketͲRF,theexces s monthl yreturnovertheri s kͲfreera teonei thera nequa l l ywei ghted(EW)orva l ueͲwei ghted
(VW)portfol i o.SMBi s themonthl yreturnona portfol i oofs ma l l s tocks mi nus themonthl yreturnona portfol i oofbi gs tocks .HMLi s the
monthl yreturnona portfol i oofhi ghbookͲtoͲma rket(va l ue)mi nus l owbookͲtoͲma rket(growth)s tocks .UMDi s themonthl yreturnona 
portfol i oofpri orwi nners mi nus thereturnona portfol i oofpri orl os ers .Themonthl yfa ctorreturnrea l i za ti ons a reprovi dedbyKenneth
French.TheSHOportfol i oi s compos edofa l l Regul a ti onSHOThres hol dStocks i na gi venmonth.Theш2.5%&<5%portfol i oi s compos ed
ofa l l Rus s el l 3000Indexs tocks wi tha ra ti oofFTDs tos ha res outs ta ndi nggrea tertha n2.5%butl es s tha n5%.Theш5%&<10%,ш10%,
ш95th&<99thpercenti l e,a ndш99thpercenti l eportfol i os a res i mi l a rl ydefi ned,a ndportfol i os a reupda tedmonthl y.Sta nda rderrors a re
i npa renthes i s ;***p<0.01,**p<0.05,*p<0.1.
SHO
ш2.5%&<5%
ш5%&<10%
ш10%
ш95th&<99th
ш99th
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
Ma rketͲRF 1.240***
(0.305)
SMB
1.263***
(0.367)
HML
Ͳ0.309
(0.293)
UMD
Ͳ0.570**
(0.259)
Intercept
Ͳ0.67
(0.706)
N
R Ͳs qua red

42
0.69

1.229***
(0.206)
1.062***
(0.358)
Ͳ0.172
(0.311)
Ͳ0.426**
(0.173)
Ͳ0.341
(0.649)
42
0.67

1.122*** 1.292***
(0.28)
(0.36)
0.534 1.094**
(0.55)
(0.53)
0.626
0.593
(0.59)
(0.61)
Ͳ0.526* Ͳ0.641*
(0.29)
(0.36)
Ͳ1.884** Ͳ1.401
(0.89)
(1.07)
51
0.30

51
0.39

1.228**
0.852
(0.58)
(0.52)
2.713*** 2.603***
(0.94)
(0.73)
Ͳ1.041
Ͳ1.375
(1.03)
(1.09)
Ͳ1.846*** Ͳ1.513***
(0.47)
(0.50)
0.929
0.474
(1.88)
(1.94)
51
0.35

51
0.30

1.918** 1.296
(0.85)
(0.81)
1.934 2.907**
(1.20)
(1.24)
1.565
0.531
(1.29)
(1.27)
Ͳ0.0216 0.0243
(0.64)
(0.66)
Ͳ8.689***Ͳ8.569***
(2.25)
(2.51)
51
0.24

51
0.18

1.273***
Ͳ0.181
1.200***
Ͳ0.271
0.205
Ͳ0.209
Ͳ0.360**
Ͳ0.136
Ͳ0.762*
Ͳ0.417

1.234***
Ͳ0.169
1.294***
Ͳ0.273
0.341
Ͳ0.245
Ͳ0.479***
Ͳ0.146
Ͳ1.028**
Ͳ0.431

51
0.78

51
0.77

1.392*** 1.401***
(0.35)
(0.27)
0.975** 1.254***
(0.45)
(0.34)
1.253*** 0.897**
(0.42)
(0.36)
Ͳ0.702*** Ͳ0.456**
(0.23)
(0.20)
Ͳ2.708*** Ͳ2.518***
(0.64)
(0.69)
51
0.60

51
0.57

Table 4-5: Weekly Fama-French three-factor model parameters
Weekl yda ta a refortheperi odfromApri l 1,2004throughJune30,2008.Ina l l ti mes eri es regres s i ons wi throbus ts ta nda rderrors ,the
dependentva ri a bl ei s Ma rketͲRF,theexces s weekl yreturnovertheri s kͲfreera teonei thera nequa l l ywei ghted(EW)orva l ueͲwei ghted
(VW)portfol i o.SMBi s theweekl yreturnona portfol i oofs ma l l s tocks mi nus theda i l yreturnona portfol i oofbi gs tocks .HMLi s the
weekl yreturnona portfol i oofhi ghbookͲtoͲma rket(va l ue)mi nus l owbookͲtoͲma rket(growth)s tocks .Theweekl yfa ctorreturn
rea l i za ti ons a reprovi dedbyKennethFrench.TheSHOportfol i oi s compos edofa l l Regul a ti onSHOThres hol dStocks i na gi venweek.The
ш2.5%&<5%portfol i oi s compos edofa l l Rus s el l 3000Indexs tocks wi tha ra ti oofFTDs tos ha res outs ta ndi nggrea tertha n2.5%butl es s 
tha n5%.Theш5%&<10%,ш10%,ш95th&<99thpercenti l e,a ndш99thpercenti l eportfol i os a res i mi l a rl ydefi ned,a ndportfol i os a re
upda tedda i l y.Sta nda rderrors a rei npa renthes i s ;***p<0.01,**p<0.05,*p<0.1.
SHO
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EW
(1)
Ma rketͲRF 1.221***
(0.097)
SMB
0.856***
(0.202)
HML
0.139
(0.311)
Intercept
Ͳ0.116
(0.168)
N
R Ͳs qua red

181
0.57

VW
(2)

ш2.5%&<5%
EW
VW
(3)
(4)

ш5%&<10%
EW
VW
(5)
(6)

1.129***
(0.100)
0.709***
(0.196)
Ͳ0.00574
(0.275)
Ͳ0.0968
(0.169)

1.332*** 1.175***
(0.18)
(0.22)
0.12
0.24
(0.32)
(0.36)
0.151
0.0416
(0.45)
(0.45)
Ͳ0.348
Ͳ0.237
(0.33)
(0.31)

1.520*** 1.387***
(0.24)
(0.21)
0.569
0.731*
(0.47)
(0.40)
Ͳ0.00209 Ͳ0.143
(0.65)
(0.63)
Ͳ0.647
Ͳ0.682
(0.47)
(0.44)

181
0.52

221
0.20

221
0.19

214
0.16

214
0.16

ш10%
EW
(7)

VW
(8)

1.827*** 1.677***
(0.48)
(0.39)
1.527
1.414
(1.12)
(1.07)
1.586
1.674
(1.15)
(1.05)
Ͳ1.767** Ͳ1.949**
(0.78)
(0.86)
203
0.13

203
0.10

ш95th&<99th
EW
VW
(9)
(10)
1.044*** 1.021***
Ͳ0.0877 Ͳ0.102
0.557*** 0.324*
Ͳ0.173
Ͳ0.195
0.33
0.334
Ͳ0.233
Ͳ0.234
Ͳ0.0773
Ͳ0.13
Ͳ0.144
Ͳ0.149
221
0.50

221
0.45

ш99th
EW
(11)

VW
(12)

1.356*** 1.216***
(0.14)
(0.14)
0.518**
0.337
(0.26)
(0.25)
0.503
0.202
(0.35)
(0.33)
Ͳ0.379* Ͳ0.334
(0.22)
(0.23)
221
0.40

221
0.33

The daily, weekly and monthly portfolio returns reveal several important trends.
First, only EW portfolios of high FTD ratio stocks experience negative abnormal returns
over a daily time horizon. Daily VW portfolios experience positive abnormal returns,
which is consistent with the short sale constraint results from Autore (2011) and Boulton
and Braga-Alves (2012). Alternatively, the daily results reflect the fact that short sellers
are contrarian investors and profit from negative abnormal returns over a weekly or
monthly time horizon.
Monthly and weekly data provide evidence for the latter narrative. Portfolios with
FTD ratios greater than 10% experience negative and statistically significant abnormal
returns on a weekly and monthly basis. This indicates that high FTDs do not represent a
binding short sale constraint. Rather, high FTDs indicate that informed short sellers are
able to initiate short positions that subsequently achieve positive returns.
The R-squared statistics in Table 4-3, Table 4-4, and Table 4-5 decline as
portfolio FTD ratios increase. For example, I obtain the lowest R-squared in the daily
10% FTD ratio portfolio analysis, where R-squared statistics are 0.05 (Table 4-3,
columns 7 and 8). Declining R-squared statistics for high FTD ratio portfolios can be
explained by the design of the Fama-French model. The Fama-French factors are
calculated by using historical portfolio returns. Stocks with extremely high FTD ratios
are likely subject to frequent shocks, and these shocks produced daily returns that are
well outside of historical means. Thus the factors computed by Fama and French will do
a poorer job of explaining variation in high FTD portfolios, as opposed to portfolios with
very small shocks. Therefore, the R-squared statistics are lower as FTD ratios are higher.

166

Additional support for this explanation comes from the fact that R-squared
statistics for weekly and monthly portfolios are higher than for the daily portfolios. For
example, in Table 4-4, columns 7 and 8, the R-squared for the 10% monthly FTD ratio
portfolios are 0.24 and 0.18, respectively. The reason the Fama-French model explains
monthly returns better is that the averaging of daily returns by month tends to smooth out
shocks over time.

4.5.4PortfolioanalysisoffuturereturnsinhighFTDratiostocksusingFamaǦ
Frenchfactors.
I follow Asquith et al. (2005) and generate future returns for the high FTD
portfolios discussed above. To an extent, this test will determine whether short selling
strategies in high FTD stocks are successful. For daily data, I generate 20-day returns for
each daily portfolio. For weekly and monthly data, I generate 12-week and 6-month
returns, respectively.
Table 4-6, Table 4-7, and Table 4-8 report future returns for high FTD portfolios
using daily, monthly, and weekly data, respectively. The results provide strong support
for the success rate of short selling strategies in high FTD stocks. Table 4-6 contains
mean four-factor portfolio return results for daily data twenty days in the future. The
coefficients in almost all columns are negative and statistically significant at the one
percent level. For example, the results in columns 7 and 8 indicate that mean abnormal
negative returns for stocks with FTDs higher than 10% are subsequently between –2.6%
and –2.7%.
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Table 4-6: Daily Fama-French four-factor model parameters using 20-day future returns
Da i l yda ta a refortheperi odfromApri l 1,2004throughJune30,2008.Ina l l ti mes eri es regres s i ons wi throbus ts ta nda rderrors ,the
dependentva ri a bl ei s Ma rketͲRF,theexces s da i l yreturnovertheri s kͲfreera teonei thera nequa l l ywei ghted(EW)orva l ueͲwei ghted
(VW)portfol i o.SMBi s theda i l yreturnona portfoli oofs ma l l s tocks mi nus theda i l yreturnona portfol i oofbi gs tocks .HMLi s theda i l y
returnona portfol i oofhi ghbookͲtoͲma rket(va l ue)mi nus l owbookͲtoͲma rket(growth)s tocks .UMDi s theda i l yreturnona portfol i oof
pri orwi nners mi nus thereturnona portfol i oofpri orl os ers .Theda i l yfa ctorreturnrea l i za ti ons a reprovi dedbyKennethFrench.TheSHO
portfol i oi s compos edofa l l Regul a ti onSHOThres hol dStocks ona gi venda te.Theш2.5%&<5%portfol i oi s compos edofa l l Rus s el l 3000
Indexs tocks wi tha ra ti oofFTDs tos ha res outs ta ndi nggrea tertha n2.5%butl es s tha n5%.Theш5%&<10%,ш10%,ш95th&<99th
percenti l e,a ndш99thpercenti l eportfol i os a res i mi l a rl ydefi ned,a ndportfol i os a reupda tedda i l y.Sta nda rderrors a rei npa renthes i s ;
***p<0.01,**p<0.05,*p<0.1.
SHO
ш2.5%&<5%
ш5%&<10%
ш10%
ш95th&<99th
ш99th
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
Ma rketͲRF 1.040*** 0.975***
(0.306) (0.273)
SMB
0.956*
0.925*
(0.540) (0.515)
HML
Ͳ0.557
Ͳ0.527
(0.815) (0.751)
UMD
Ͳ1.373*** Ͳ1.184***
(0.342) (0.312)
Intercept Ͳ0.765*** Ͳ0.332
(0.233) (0.224)
N
R Ͳs qua red

851
0.04

851
0.04

1.035** 0.745*
(0.45)
(0.42)
1.703** 2.118**
(0.86)
(0.86)
0.53
1.252
(1.18)
(1.15)
Ͳ1.599*** Ͳ1.248**
(0.51)
(0.50)
Ͳ1.530*** Ͳ1.135***
(0.35)
(0.36)
1029
0.02

1029
0.02

0.904
0.901*
(0.57)
(0.48)
2.794** 2.798***
(1.14)
(0.93)
Ͳ1.886 Ͳ2.549*
(1.59)
(1.45)
Ͳ1.203
Ͳ0.578
(0.79)
(0.61)
Ͳ3.039*** Ͳ3.530***
(0.42)
(0.39)
999
0.02

999
0.03

1.607
0.698
(1.10)
(0.84)
0.966
1.645
(1.93)
(1.73)
2.403
2.259
(2.69)
(2.35)
Ͳ2.194* Ͳ0.899
(1.28)
(1.16)
Ͳ2.622***Ͳ2.729***
(0.77)
(0.70)
875
0.01

875
0.004

1.089*** 1.086***
Ͳ0.24
Ͳ0.223
1.161*** 0.713*
Ͳ0.436
Ͳ0.399
Ͳ0.665
Ͳ0.447
Ͳ0.643
Ͳ0.567
Ͳ1.208*** Ͳ1.095***
Ͳ0.296
Ͳ0.267
Ͳ0.245
0.139
Ͳ0.181
Ͳ0.167
1032
0.06

1032
0.05

1.333*** 1.120***
(0.35)
(0.29)
1.327** 1.507***
(0.61)
(0.55)
Ͳ0.3
Ͳ0.349
(0.88)
(0.79)
Ͳ1.599*** Ͳ1.142***
(0.41)
(0.35)
Ͳ0.670*** Ͳ0.505**
(0.25)
(0.24)
1032
0.05

1032
0.04
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Table 4-7: Monthly Fama-French four-factor model parameters using 6-month future returns
Monthl yda ta a refortheperi odfromApri l 1,2004throughJune30,2008.Ina l l ti mes eri es regres s i ons wi throbus ts ta nda rderrors ,the
dependentva ri a bl ei s Ma rketͲRF,theexces s monthl yreturnovertheri s kͲfreera teonei thera nequa l l ywei ghted(EW)orva l ueͲwei ghted
(VW)portfol i o.SMBi s themonthl yreturnona portfol i oofs ma l l s tocks mi nus themonthl yreturnona portfol i oofbi gs tocks .HMLi s the
monthl yreturnona portfol i oofhi ghbookͲtoͲma rket(va l ue)mi nus l owbookͲtoͲma rket(growth)s tocks .UMDi s themonthl yreturnona 
portfol i oofpri orwi nners mi nus thereturnona portfol i oofpri orl os ers .Themonthl yfa ctorreturnrea l i za ti ons a reprovi dedbyKenneth
French.TheSHOportfol i oi s compos edofa l l Regul a ti onSHOThres hol dStocks i na gi venmonth.Theш2.5%&<5%portfol i oi s compos ed
ofa l l Rus s el l 3000Indexs tocks wi tha ra ti oofFTDs tos ha res outs ta ndi nggrea tertha n2.5%butl es s tha n5%.Theш5%&<10%,ш10%,
ш95th&<99thpercenti l e,a ndш99thpercenti l eportfol i os a res i mi l a rl ydefi ned,a ndportfol i os a reupda tedmonthl y.Sta nda rderrors a re
i npa renthes i s ;***p<0.01,**p<0.05,*p<0.1.
SHO
ш2.5%&<5%
ш5%&<10%
ш10%
ш95th&<99th
ш99th
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
Ma rketͲRF 1.883** 2.022**
(0.718) (0.904)
SMB
1.115
1.034
(0.774) (0.899)
HML
2.065** 3.116***
(0.782) (0.982)
UMD
Ͳ2.405*** Ͳ3.375***
(0.610) (0.777)
Intercept Ͳ5.913*** Ͳ3.1
(1.866) (2.313)
N
R Ͳs qua red

36
0.47

36
0.45

0.868
(0.70)
0.202
(0.90)
3.698***
(1.26)
Ͳ0.266
(0.58)
Ͳ6.332***
(1.90)

1.065
(0.79)
1.614
(1.01)
4.168***
(1.34)
Ͳ0.54
(0.73)
Ͳ4.377*
(2.18)

Ͳ0.306
(1.94)
2.123
(2.01)
0.937
(2.67)
Ͳ1.693
(1.34)
2.506
(6.24)

Ͳ0.579
(2.02)
3.559
(2.18)
0.44
(2.72)
Ͳ1.503
(1.36)
2.223
(6.38)

51
0.20

51
0.24

51
0.04

51
0.05

Ͳ0.375 0.258
(1.39)
(1.69)
1.06
1.882
(2.89)
(2.82)
5.349
3.25
(4.27)
(2.70)
Ͳ0.637 Ͳ0.229
(0.92)
(0.91)
Ͳ10.07**Ͳ14.90***
(4.77)
(4.05)
51
0.06

51
0.04

0.42
0.848
Ͳ0.594
Ͳ0.74
1.486
1.576*
Ͳ0.946
Ͳ0.845
2.812*** 3.431***
Ͳ0.911
Ͳ0.889
Ͳ0.52
Ͳ0.864
Ͳ0.537
Ͳ0.689
Ͳ0.846
Ͳ0.745
Ͳ1.773
Ͳ1.763
51
0.24

51
0.34

0.973
1.452
(0.76)
(0.98)
0.152
1.533
(0.87)
(1.17)
3.935*** 3.754***
(1.09)
(1.15)
Ͳ0.314
Ͳ0.307
(0.61)
(0.67)
Ͳ5.220*** Ͳ3.098
(1.82)
(2.08)
51
0.27

51
0.28

170

Table 4-8: Weekly Fama-French three-factor model parameters using 12-week future returns
Weekl yda ta a refortheperi odfromApri l 1,2004throughJune30,2008.Ina l l ti mes eri es regres s i ons wi throbus ts ta nda rderrors ,the
dependentva ri a bl ei s Ma rketͲRF,theexces s weekl yreturnovertheri s kͲfreera teonei thera nequa l l ywei ghted(EW)orva l ueͲwei ghted
(VW)portfol i o.SMBi s theweekl yreturnona portfol i oofs ma l l s tocks mi nus theda i l yreturnona portfol i oofbi gs tocks .HMLi s the
weekl yreturnona portfol i oofhi ghbookͲtoͲma rket(va l ue)mi nus l owbookͲtoͲma rket(growth)s tocks .Theweekl yfa ctorreturn
rea l i za ti ons a reprovi dedbyKennethFrench.TheSHOportfol i oi s compos edofa l l Regul a ti onSHOThres hol dStocks i na gi venweek.The
ш2.5%&<5%portfol i oi s compos edofa l l Rus s el l 3000Indexs tocks wi tha ra ti oofFTDs tos ha res outs ta ndi nggrea tertha n2.5%butl es s 
tha n5%.Theш5%&<10%,ш10%,ш95th&<99thpercenti l e,a ndш99thpercenti l eportfol i os a res i mi l a rl ydefi ned,a ndportfol i os a re
upda tedda i l y.Sta nda rderrors a rei npa renthes i s ;***p<0.01,**p<0.05,*p<0.1.
SHO
ш2.5%&<5%
ш5%&<10%
ш10%
ш95th&<99th
ш99th
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
Ma rketͲRF

0.505
0.533
(0.366) (0.385)
SMB
1.149
0.833
(0.810) (0.869)
HML
Ͳ1.31
Ͳ0.697
(1.014) (1.069)
Intercept Ͳ3.754*** Ͳ2.255***
(0.708) (0.741)
N
R Ͳs qua red

181
0.04

181
0.02

0.0342
0.213
(0.56)
(0.57)
1.829*
1.22
(1.10)
(1.13)
Ͳ1.598
Ͳ1.013
(1.38)
(1.35)
Ͳ4.223*** Ͳ4.014***
(1.01)
(1.05)
221
0.03

221
0.01

0.0266
0.109
(0.66)
(0.66)
2.575** 2.663**
(1.30)
(1.24)
0.6
0.0867
(1.65)
(1.80)
Ͳ6.984*** Ͳ7.317***
(1.16)
(1.15)
214
0.02

214
0.03

1.412
1.301
(1.09)
(1.05)
2.961
2.749
(2.17)
(2.18)
6.997* 6.355*
(3.61)
(3.70)
Ͳ9.237***Ͳ10.01***
(2.16)
(2.13)
203
0.04

203
0.04

0.732**
Ͳ0.344
0.876
Ͳ0.674
Ͳ0.297
Ͳ0.983
Ͳ0.413
Ͳ0.632

0.729*
Ͳ0.372
0.852
Ͳ0.664
Ͳ0.0853
Ͳ1.008
0.469
Ͳ0.657

221
0.04

221
0.04

0.395
0.406
(0.44)
(0.39)
1.239
0.909
(0.84)
(0.87)
0.554
Ͳ0.264
(1.08)
(1.06)
Ͳ3.118*** Ͳ2.268***
(0.77)
(0.75)
221
0.02

221
0.02

The weekly and monthly future returns for high FTD portfolio indicate that
abnormal negative returns are even higher. According to columns 7 and 8 in Table 4-7,
portfolios of stocks that experience maximum FTD ratios of greater than 10% experience
abnormal negative returns of between –10% and –14.9% six months in the future.
Similarly, columns 7 and 8 in Table 4-8 indicate that 10% FTD ratio stocks experience
between –9.2% and –10% abnormal returns 12 weeks in the future. Thus, high FTD
ratios predict future abnormal negative returns.

4.5.5FrameworkforTestingHypotheses2through5
Hypotheses 2 through 5 establish certain important characteristics of high FTD
stocks. I test these hypotheses both individually and jointly by estimating the following
equation:

Equation 4-4

FTDit = ȕ1Short Interestit + ȕ2Put OIit + ȕ3InstOwnit + ȕ4Market Capit + ȕ5Volumeit + Ȗi +
İit

For all specifications, I measure the dependent variable in three ways. First, I use
the logarithm of daily FTD dollar values. Second, I use the ratio of FTDs to shares
outstanding. Third, I use an indicator variable equal to one when stock i is on the
Regulation SHO Threshold List during time period t. I test Equation 4-4 using daily data,
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weekly averages, and monthly averages. In all specifications, FTDs are shifted backward
three days in time to account for T+3 settlement.
Short Interestit is the net aggregate short position for ticker i on date t. Until June
30, 2008, short interest was reported monthly by broker–dealers to the SROs. Thus, with
the daily and weekly data, short interest for ticker i will remain the same within months.
Since then, short interest has been reported and published on a bi-weekly basis.64 I use
both the log of daily short interest and the ratio of short interest to shares outstanding.
Put OIit represents the total outstanding put options contracts for ticker i on date t.
This variable is a proxy for short sale demand insofar as put options are an economic
substitute for short sales. Like short interest, open interest is a stock variable and not a
flow variable. Thus daily changes to open interest obscure the magnitude of opening and
closing volume.
The variable Inst Ownit represents total institutional ownership (IO) for stock i on
day t as reported in quarterly 13F filings by investors. I use both the log of IO as well as
the ratio of IO to shares outstanding. 13F filings change quarterly so institutional
ownership variable varies by quarter. Market Capit represents stock i’s market
capitalization during time period t.
In the full specification, I include the variable Volumei, which is the value of
shares traded in stock i during time period t, and which controls for the possibility that
FTDs may increase with volume. Depending on the dependent variable, Volumeit, either

64
Short Interest Reporting, FINRA,
http://www finra.org/Industry/Compliance/RegulatoryFilings/ShortInterestReporting/.
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represents log volume or the ratio of volume to shares outstanding. Equation 4-4 includes
indicators Ȗi, which are fixed effects that capture the unique properties of stock i that are
constant over time. In all specifications, I use a panel OLS model and cluster standard
errors by ticker i.

4.5.6Hypothesis2:Shortinterestiscorrelatedwithlargerandmore
persistentFTDs
Table 4-9 shows the results when I test Hypothesis 1 using daily data. In
specification (1), the coefficient on Log Short Interest indicates that 100% increase in
short interest corresponds to a 34.8% increase in FTDs. When I regress all variables
jointly on Log FTDs, as in Table 4-9, column 5, the coefficient on Log SI shows that
daily Log FTDs are 23.2% higher when daily short interest doubles.
In Table 4-9, columns 6 through 10, the dependent variable is the ratio of FTDs to
shares outstanding. When the ratio of short interest to shares outstanding doubles, the
FTD ratio increases by 3.3%. In the joint specification, a doubling of the SI ratio
produces a 4.3% increase in the FTD ratio.
In the last five specifications in Table 4-9, the dependent variable is an indicator
equal to 1 when ticker i is on the Threshold List on day t. I shift this indicator backward
seven days in time to account for the T+3 settlement cycle and SEC’s requirement that
FTDs persist for five days at the clearinghouse for a stock to appear on the Threshold
List. Table 4-9, column 11 indicates that, when SI doubles, a ticker is 4 percentage points
more likely to appear on the Threshold List. In the joint specification, the increase is 2.78
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percentage points. In all specifications in Table 4-9, the coefficient on Short Interestit is
statistically significant at the 1 percent level.

4.5.7Hypothesis3:Putoptionopeninterestiscorrelatedwithlargerand
morepersistentFTDs
I test Hypothesis 3 both individually and jointly using Equation 4-4. In Table 4-9,
column 2, the coefficient on Log Put Option OI indicates FTDs increase by 47.4% when
put OI doubles. The same coefficient in the joint specification shows that FTDs increase
by 30% when put OI doubles. Table 4-9, column 7, shows that the FTD ratio increases by
0.04 percentage points when put OI doubles. Table 4-9, columns 12 and 15, show that a
stock is 1.25 to 1.33 percentage points more likely to appear on the Threshold List when
put OI doubles.
Other than the joint specification in column 10, all coefficients on Log Put OI are
statistically significant at the one percent levels. The coefficient in column 10 may not be
statistically significant because of interaction effects with the Log Market Cap variable.
Higher market cap stock will have higher options open interest.

4.5.8Hypothesis4:InstitutionalOwnershipvariespositivelywithFTDs
As before, I test Hypothesis 4 individually and jointly. I measure Inst Ownit using
both the log of Institutional Ownership (IO) and the ratio of IO to shares outstanding. All
coefficients on IO are positive and statistically significant at the one percent level. The
results indicates that stock with higher institutional ownership have higher FTDs.
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Table 4-9: The determinants of FTDs using daily data
Ins peci fi ca ti ons (1)through(3),thedependentva ri a bl ei s thel ogdol l a rva l ueofda il ynetCNSfa i l s ͲtoͲdel i ver(FTDs ).Ins peci fi ca ti ons (4)through(6),thedependentva ri a bl ei s the
ra ti oofFTDs tos ha res outs ta ndi ng.Ins peci fi ca ti ons (7)through(9),thedependentva ri a bl ei s thel i kel i hoodtha ta ti ckerwi l l a ppea rontheRegul a ti onSHOThres hol dLi s t.Da ta a refor
theperi odfromApri l 1,2004throughJune30,2008.Al l regres s i ons i ncl udes tockfi xedeffects a ndi na ll regres s i ons s ta nda rderrors a recl us teredbyti cker.Sta nda rderrors a rei n
pa renthes i s ;***p<0.01,**p<0.05,*p<0.1.Al l dol l a ra mounts a rei nrea l 2010dol l a rs .

(1)

LogShortInteres t

LogPutOpti onIO
LogIns ti tuti ona l 
Owners hi p

(2)

LogFTDs($)
(3)

0 348***
(0.033)

(4)

(5)

FTDs/SharesOutstanding
(7)
(8)
(9)

(10)

0 232***
(0.047)
0.474***
(0.023)
0.942***
(0.106)

(11)

RegulationSHOThresholdList
(12)
(13)
(14)

0.00408***
(0.001)

0 300***
(0.023)

0.000491***
(0.000)

0.0000216
(0.000)

(15)
0.00278***
(0.001)

0.0125***
(0.001)

0.0133***
(0.001)

0 374***
(0.126)

175

LogMa rketCa p

Ͳ1.101*** Ͳ3.270***
(0.084)
(0.110)

LogVolume($)

1 322***
(0.024)

ShortInteres t/
Sha res Outs ta ndi ng
Ins ti tuti ona l 
Owners hi p/Sha res 
Outs ta ndi ng

Ͳ0.00126*** Ͳ0.000233
(0.000)
(0.000)

Ͳ0.0389*** Ͳ0.0590***
(0.004)
(0.006)
0.00687***
(0.001)

0.0333***

0.0433***

(0.004)

(0.006)
0.00180***
(0.001)

Vol ume/Sha res 
Outs ta ndi ng

N
RͲ s qua red

(6)

Ͳ0.00458***
(0.001)

0.0464***
(0.008)

0.0201**
(0.010)

0.0429***
(0.006)
2,994,544 2,124,937 2,832,002 3,192,840 1,818,350
0.27 0.27 0.26  0.28  0.28

2,994,544 2,124,937 2,832,002 3,192,840 1,818,350
0.38  0 34 0.49 0.33 0.43

2,992,044 2,122,732 2,830,251 3,188,967 1,817,731
0 29 0.36 0 29  0.30 0.37

Table 4-9, column 3, shows that FTDs are 94.2% higher when IO doubles. This
effect is smaller in the joint specification in column 5, a 37.4% increase. Table 4-9,
column 8, shows that the FTD ratio is 0.18 percentage points higher when the IO ratio
doubles. In the joint specification, however, the coefficient on the IO ratio is negative.
This may be due to interaction with other variables such as the short interest ratio. Table
4-9, columns 13 and 15, indicate that stocks are 2 to 4 percent more likely to appear on
the Threshold List when institutional ownership doubles. This result is consistent with the
hypothesis that hard-to-borrow stocks are attractive for institutions to acquire and lend.

4.5.9Hypothesis5:FTDsvaryinverselywithmarketcapitalization.
As before, I test Hypothesis 5 both individually and jointly using Equation 4-4. In
almost all specifications in Table 4-9, the coefficient on Log Market Cap is positive and
statistically significant at the one percent level. Table 4-9, column 4, indicates that a
100% increase in market cap corresponds to a 110% decline in FTDs. The coefficient in
the joint specification in column 5 indicates that FTDs are 327% lower when market cap
doubles. The results demonstrate that FTDs vary inversely with market capitalization as
predicted.
Table 4-9, columns 14 and 15, show that a stock is between 3.89 and 5.9 % less
likely to appear on the Threshold List when its market cap doubles. The only
specification in which market cap does not vary statistically significantly with FTDs is
the joint specification in column 10 in which the dependent variable is the FTD ratio. As
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discussed above, this is likely because market cap is positively correlated with put option
OI in the regression specification.

4.6Robustnesstests
4.6.1DailyandmonthlyportfolioresultsusingathreeǦfactormodel
For robustness, I retest Hypothesis 1 for daily and monthly portfolios of high FTD
stocks using Fama-French factors but omit the momentum factor suggested by Carhart
(1997). The resulting three-factor model provides results that are similar indirection and
magnitude to those obtained using a four-factor model. Nevertheless, some important
differences emerge.
Table 4-10 shows that, for daily data using EW portfolios, low FTD stocks
experience negative and statistically significant abnormal returns. For daily data using
VW portfolios, however, returns are positive and statistically significant. This result
suggests that certain large cap stocks in the low FTD portfolios experience positive
abnormal returns, but this effect does not persist. Table 4-11 shows that, for monthly data
using both EW and VW portfolios, low and high FTD stocks experience negative and
statistically significant abnormal negative returns. Stocks in the 99th FTD percentile
experience returns of between –3% and –3.48%, and stocks with FTD ratios higher than
10% experience returns of –8.5% and –8.7%.
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Table 4-10: Daily Fama-French three-factor model parameters
Da i l yda ta a refortheperi odfromApri l 1,2004throughJune30,2008.Ina l l ti mes eri es regres s i ons wi throbus ts ta nda rderrors ,the
dependentva ri a bl ei s Ma rketͲRF,theexces s da i l yreturnovertheri s kͲfreera teonei thera nequa l l ywei ghted(EW)orva l ueͲwei ghted
(VW)portfol i o.SMBi s theda i l yreturnona portfoli oofs ma l l s tocks mi nus theda i l yreturnona portfol i oofbi gs tocks .HMLi s theda i l y
returnona portfol i oofhi ghbookͲtoͲma rket(va l ue)mi nus l owbookͲtoͲma rket(growth)s tocks .Theda i l yfa ctorreturnrea l i za ti ons a re
provi dedbyKennethFrench.TheSHOportfol i oi s compos edofa l l Regul a ti onSHOThres hol dStocks ona gi venda te.Theш2.5%&<5%
portfol i oi s compos edofa l l Rus s el l 3000Indexs tocks wi tha ra ti oofFTDs tos ha res outs ta ndi nggrea tertha n2.5%butl es s tha n5%.The
ш5%&<10%,ш10%,ш95th&<99thpercenti l e,a ndш99thpercenti l eportfol i os a res i mi l a rl ydefi ned,a ndportfol i os a reupda tedda i l y.
Sta nda rderrors a rei npa renthes i s ;***p<0.01,**p<0.05,*p<0.1.
SHO
ш2.5%&<5%
ш5%&<10%
ш10%
ш95th&<99th
ш99th
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
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Ma rketͲRF 1.257***
(0.043)
SMB
0.970***
(0.082)
HML
0.255*
(0.146)
Intercept Ͳ0.0696**
(0.031)
N
R Ͳs qua red

870
0.66

1.222***
(0.045)
0.886***
(0.091)
0.237
(0.163)
0.107***
(0.033)
870
0.61

1.590*** 1.514***
(0.11)
(0.13)
0.576*** 0.645***
(0.22)
(0.22)
0.37
0.423
(0.31)
(0.35)
Ͳ0.134
0.141
(0.08)
(0.09)
1049
0.21

1049
0.17

1.193*** 0.986***
(0.12)
(0.10)
1.206*** 1.146***
(0.23)
(0.22)
0.0577
Ͳ0.228
(0.35)
(0.32)
Ͳ0.156* 0.0134
(0.09)
(0.09)
1018
0.16

1018
0.15

1.316*** 1.064***
(0.23)
(0.21)
0.878 1.142**
(0.57)
(0.50)
1.166* 0.376
(0.70)
(0.63)
Ͳ0.413** Ͳ0.302
(0.20)
(0.19)
894
0.05

894
0.04

1.254***
Ͳ0.033
1.089***
Ͳ0.055
0.05
Ͳ0.0837
0.0283
Ͳ0.018

1.223***
Ͳ0.036
0.832***
Ͳ0.0632
0.172*
Ͳ0.104
0.152***
Ͳ0.0222

1051
0.83

1051
0.74

1.340*** 1.269***
(0.06)
(0.06)
0.917*** 0.860***
(0.11)
(0.11)
0.329*
0.305
(0.19)
(0.21)
Ͳ0.0954** 0.164***
(0.04)
(0.05)
1051
0.49

1051
0.39

Table 4-11: Monthly Fama-French three-factor model parameters
Monthl yda ta a refortheperi odfromApri l 1,2004throughJune30,2008.Ina l l ti mes eri es regres s i ons wi throbus ts ta nda rderrors ,the
dependentva ri a bl ei s Ma rketͲRF,theexces s monthl yreturnovertheri s kͲfreera teonei thera nequa l l ywei ghted(EW)orva l ueͲwei ghted
(VW)portfol i o.SMBi s themonthl yreturnona portfol i oofs ma l l s tocks mi nus themonthl yreturnona portfol i oofbi gs tocks .HMLi s the
monthl yreturnona portfol i oofhi ghbookͲtoͲma rket(va l ue)mi nus l owbookͲtoͲma rket(growth)s tocks .Themonthl yfa ctorreturn
rea l i za ti ons a reprovi dedbyKennethFrench.TheSHOportfol i oi s compos edofa l l Regul a ti onSHOThres hol dStocks i na gi venmonth.
Theш2.5%&<5%portfol i oi s compos edofa l l Rus s el l 3000Indexs tocks wi tha ra ti oofFTDs tos ha res outs ta ndi nggrea tertha n2.5%but
l es s tha n5%.Theш5%&<10%,ш10%,ш95th&<99thpercenti l e,a ndш99thpercenti l eportfol i os a res i mi l a rl ydefi ned,a ndportfol i os a re
upda tedmonthl y.Sta nda rderrors a rei npa renthes i s ;***p<0.01,**p<0.05,*p<0.1.
SHO
ш2.5%&<5%
ш5%&<10%
ш10%
ш95th&<99th
ш99th
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
EW
VW
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
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Ma rketͲRF 1.373***
(0.315)
SMB
1.043***
(0.337)
HML
Ͳ0.0665
(0.393)
Intercept Ͳ1.424**
(0.671)
N
R Ͳs qua red

42
0.62

1.329***
(0.221)
0.898**
(0.342)
0.00987
(0.349)
Ͳ0.905
(0.623)
42
0.63

1.240*** 1.436***
(0.29)
(0.27)
0.222
0.714*
(0.51)
(0.39)
0.769
0.766
(0.62)
(0.66)
Ͳ2.467** Ͳ2.112*
(0.95)
(1.09)
51
0.26

51
0.34

1.641*
(0.85)
1.621
(0.97)
Ͳ0.541
(1.13)
Ͳ1.117
(2.01)

1.191
(0.77)
1.707**
(0.74)
Ͳ0.965
(1.15)
Ͳ1.204
(1.94)

51
0.22

51
0.20

1.923** 1.29
(0.82)
(0.82)
1.922* 2.921**
(1.10)
(1.22)
1.571
0.524
(1.28)
(1.25)
Ͳ8.713***Ͳ8.542***
(2.09)
(2.60)
51
0.24

51
0.18

1.354*** 1.341***
Ͳ0.24
Ͳ0.192
0.987*** 1.010***
Ͳ0.271
Ͳ0.241
0.302
0.471*
Ͳ0.249
Ͳ0.27
Ͳ1.161** Ͳ1.559***
Ͳ0.447
Ͳ0.498
51
0.75

51
0.71

1.549*** 1.503***
(0.35)
(0.27)
0.56 0.984***
(0.43)
(0.32)
1.443*** 1.020***
(0.48)
(0.37)
Ͳ3.486*** Ͳ3.024***
(0.73)
(0.77)
51
0.52

51
0.54

4.6.2TestingHypotheses2through5usingweeklyandmonthlydata
I also retest the results for Hypotheses 2 through 5 using weekly and monthly
panel data. These news results, reported in Table 4-12 and Table 4-13, indicate an even
stronger relationship between short interest and FTDs, possibly due to a more accurate
timing match between monthly short interest reporting and mean daily FTDs per month.
Table 4-12 and Table 4-13 also show positive and statistically significant relationships
between FTDs and put option OI as well as FTDs and institutional ownership. The
negative and statistically significant relationship between FTDs and market cap also
persists using weekly and monthly averages.

4.7Conclusion
This paper explores the relationship between net settlement failures at the clearing
corporation and returns. In an event study framework, stocks whose FTD ratio crosses
10% experience 2–3 day abnormal negative returns of between 7 and 10 percent. Using a
Fama-French four-factor model, I find that daily high FTD portfolios experience
abnormal negative returns, but only for equal-weighted portfolios. Weekly and monthly
equal- and value-weighted high FTD portfolios experience large and statistically
significant abnormal negative returns. Thus, the negative abnormal returns associated
with FTDs may not be instantaneous.
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Table 4-12: The determinants of FTDs using weekly data
Ins peci fi cati ons (1)through(3),thedependentva ri abl ei s thel ogdol l arva l ueofweekl ya vera geCNSfa i l s ͲtoͲdel i ver(FTDs ).Ins peci fi cati ons (4)through(6),thedependent
va ri a bl ei s thera ti oofFTDs tos ha res outs ta ndi ng.Ins peci fi cati ons (7)through(9),thedependentva ri abl ei s thel i kel i hoodtha ta ti ckerwi l l a ppea rontheRegul a ti onSHO
Thres hol dLi s t.Da ta arefortheperi odfromApri l 1,2004throughJune30,2008.Al l regres s i ons i ncl udes tockfi xedeffects a ndi nal l regres s i ons s tanda rderrors a recl us teredby
ti cker.Sta ndarderrors arei npa renthes i s ;***p<0.01,**p<0.05,*p<0.1.Al l dol l a ramounts a rei nrea l 2010dol l ars .

(1)

LogShortInteres t
LogPutOpti onIO
LogIns ti tuti onal 
Owners hi p

(2)

LogFTDs($)
(3)
(4)

0 537***
(0.046)

(5)

FTDs/SharesOutstanding
(7)
(8)
(9)

(10)

0.269***
(0.054)
0.616***
(0.024)
1.463***
(0.127)

(11)

RegulationSHOThresholdList
(12)
(13)
(14)

0.00416***
(0.001)

0.266***
(0.023)

0 000489***
(0 000)

Ͳ0.00001
(0.000)

(15)
0.00267***
(0.001)

0 0126***
(0.001)

0.0129***
(0.001)

0.433***
(0.124)
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LogMarketCa p

Ͳ0.723*** Ͳ3.988***
(0.090) (0.107)

LogVol ume($)

2.336***
(0.037)

ShortInteres t/Sha res 
Outs ta ndi ng

Ͳ0.00126*** Ͳ0 000238
(0.000)
(0.000)

0 0421***
(0.006)
0.00177***
(0.001)

Vol ume/Sha res 
Outs ta ndi ng

Ͳ0.0389*** Ͳ0.0617***
(0.004)
(0.006)
0.00976***
(0.001)

0 0334***
(0.004)

Ins ti tuti ona l Owners hi p
/Sha res Outs ta ndi ng

N
RͲ s qua red

(6)

Ͳ0.00462***
(0.001)

0 0455***
(0.008)

0.0176*
(0.010)

0 0654***
(0.010)
631,231 447,953 596,694 673,036 383,120
0.33 0 30  0 32  0.33  0.34

631,231
447,953
596,694
673,036
383,120
0.40  0.35 0.50 0.34 0.45

630,661 447,452 596,294 672,149
382,979
0.31 0.38 0.31  0.32 0.39

Table 4-13: The determinants of FTDs using monthly data
Ins peci fi cations (1)through(3),thedependentva ri abl ei s thelogdol l arval ueofmonthl ya verageCNSfa i l s ͲtoͲdeliver(FTDs ).Ins peci fi cations (4)through(6),thedependent
va ri abl ei s thera ti oofFTDs tos ha res outs tandi ng.Ins pecifica ti ons (7)through(9),thedependentva ri a bl ei s thel ikeli hoodthata ti ckerwi l l a ppearontheRegul ationSHO
Thres holdLis t.Da ta a refortheperi odfromApri l 1,2004throughJune30,2008.Al l regres s i ons i ncl udes tockfi xedeffects andinal l regres s ions s ta nda rderrors a reclus teredby
ticker.Sta nda rderrors a rei npa renthes i s ;***p<0.01,**p<0.05,*p<0.1.Al l dol l ara mounts a reinrea l2010dol l a rs .

(1)

LogShortInteres t

LogPutOptionIO
LogIns titutional 
Owners hi p

(2)

LogFTDs($)
(3)
(4)

0.725***
(0.059)

(5)

FTDs/SharesOutstanding
(7)
(8)
(9)

(10)

0.262***
(0 056)
0.615***
(0.023)
1.702***
(0.129)

(11)

RegulationSHOThresholdList
(12)
(13)
(14)

0.00477***
(0.001)

0.222***
(0 024)

0.000488***
(0.000)

Ͳ6.05EͲ05
(0.000)

(15)

0 00274***
(0.001)
0.0130***
(0.001)

0.0133***
(0.001)

0.343***
(0.102)
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LogMarketCap

0.013 Ͳ3.154***
(0.083) (0.104)

LogVol ume($)

2.400***
(0 055)

ShortInteres t/Shares 
Outs ta nding

Ͳ0.00126*** Ͳ0.000192
(0.000)
(0.000)

0.0416***
(0.006)
0.00171***
(0.001)

Vol ume/Shares 
Outs ta nding

Ͳ0.0392*** Ͳ0.0649***
(0.004)
(0.007)
0.0117***
(0.002)

0.0334***
(0 004)

Ins ti tuti onal 
Owners hi p/Sha res 
Outs ta nding

N
RͲ s quared

(6)

Ͳ0.00472***
(0.001)

0.0435***
(0.008)

0.0126
(0.010)

0.0855***
(0.014)
146,967 104,327 138,700 156,659 89,105
0.42 0.37 0.42 0.41  0.40

146,967
104,327
138,700
156,659
89,105
0.43  0.37 0.53 0.36 0.47

146,949 104,259 138,689 156,553
89,105
0.38 0.44 0.38  0.39  0.45

The results indicate that FTDs are not evidence of a binding short sale constraint.
On the contrary, short sale constraints that produce FTDs filter out uninformed short
selling. These findings provide support for the hypothesis that informed short selling can
occur when short sale constraints are not binding (Diamond and Verrecchia, 1987;
Asquith et al., 2005). This is because informed short sellers are willing to pay extra to
realize short positions. Furthermore, regulatory enforcement actions and the academic
literature have found that exceptions to Regulation SHO provided opportunities for short
sellers to take short positions in hard-to-borrow securities that would otherwise be
prohibited (SEC, 2009a and 2009b; Stratmann and Welborn, 2013).
A topical question for policy makers is whether FTDs cause abnormal negative
returns. According to the SEC, “sellers that fail to deliver securities on settlement date
may attempt to use this additional freedom to engage in trading activities to improperly
depress the price of a security” (SEC, 2009a, pp. 5–7). While these results do not rule out
the possibility that FTDs depress prices, correlation does not constitute causation.
Furthermore, it is difficult to disentangle the predictive properties of informed short
selling from the manipulative effects of naked short selling. Future research should seek
to isolate the effects of FTDs on returns.
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