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Abstract

An option provides a bundle of economic characteristics, including
leverage, exposure to the underlying asset, exposure to a particular dy-
namic trading strategy, and exposure to volatility and jumps. The wide
variety of traded options permits investors to choose particular economic
characteristics. We group exchange-traded equity options into delta- and
maturity-based buckets, which provide differential exposure to these eco-
nomic characteristics. We examine the determinants of volume, signed
volume, open interest, and gamma volume for these buckets. Option
activity is concentrated in out-of-the-money and at-the-money options.
Equity option activity is affected strongly by volume in the underlying as-
set, earnings announcements and dividend payments. Earnings announce-
ments in particular generate substantial increases in volume in near-term
at-the-money and out-of-the-money options, no increase in open interest,
and small additional negative gamma exposure for market-makers. Ex-
amination around earnings announcements of option trading by investor
categories finds that small customers are likely to be option buyers, with
large customers and firms supplying written options.
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1 Introduction

Option pricing has been well-studied since |Black and Scholes (1973)), but there
has been less attention paid to understanding how traders actually use options.
This paper uses data on signed daily option volume, the so-called open/close
data, to examine the questions of what generates option trading volume and
which kinds of options are traded in response to economic events. In this paper
we consider only individual equity options, since index options may be traded
for different reasons.

As emphasized out by |Liu and Pan| (2003), an option is a financial instru-
ment that provides a bundle of conceptually distinct economic characteristics.
There are not widely-accepted theories of why investors trade options, but there
are at least three considerations relevant for any explanation. First is that op-
tions represent a leveraged position in the underlying asset. For some investors,
leverage obtained by buying or selling an option could possibly be less expen-
sive than leverage obtained in other ways. The second is that owning an option
generates returns that are equivalent to a dynamic trading strategy in the un-
derlying stock and borrowing. Depending on the moneyness of the option, the
amount of trading in the underlying stock required to replicate the option can
be large or small. The greek measure gamma measure the amount of such trad-
ing. Generally, the option’s sensitivity to changes in volatility, vega, is large
when gamma is large and vice versa. Finally, the option provides exposure to
jumps in the stock price. A discrete change in the stock price is the percentage
amount by which the value of the position changes when the stock price jumps
discretely. (Gamma measures the effect of small changes.) We call the sensitiv-
ity to jumps kappa. A natural way to construct the buckets is to do so based
on differences in these economic characteristics of the option. We discuss this
in Section [2] This also provides a basis for discussing the results.

Because there is a wide array of options available with different strike prices
and times to expiration, an option trader can effectively choose the particular
economic characteristics of interest. One could imagine that options are valued
because they implicitly provide leverage, or valued because they provide an
implicit trading strategy (or a blend of the two). We find that, unconditionally,
trading volume is most concentrated in buckets where options have the greatest
gamma and jump risk. It is also concentrated in these options when investors
trade options around earnings announcements.

In practice, investors can also trade spread positions, simultaneously buying
and selling, in order to further isolate a particular characteristic. We observe
only data on a series by series basis (a series is defined as a put or call with
a particular ticker, expiration, and strike). We therefore have no information
about the particular strategies option traders are undertakingﬂ

One issue we study is the extent to which market-makers accommodate
option trading strategies. Market-makers buy and sell options to meet the de-

IThe clearinghouse will have complete information about option positions by trader, so the
information is potentially available. Papers that do have such information about strategies
include [Chaput and Ederington| (2003} |2005blla, |2008|) and |Fahlenbrach and Sandas| (2010)).



mands of investors. It is possible that market makers simply provide immediacy,
and that investors serve as counterparties to each other over the course of a day,
with market-makers temporarily holding inventory. Alternatively, market mak-
ers could end up satisfying a net investor demand for options, in which case they
would transform the option positions into shares by offseting the risk of the po-
sitions they acquire by trading the stock, a procedure known as delta—hedgingﬂ
Intuitively, to the extent that option trading simply reflects differences of opin-
ion, the transformative technology of market-makers is needed less than if option
investors generally are trying to implement a particular strategy.

We follow |[Lakonishok et al.| (2007) and each day place each option into
one of nine categories based on the option moneyness and time to maturity.
Unlike |[Lakonishok et al.| (2007), our buckets are based on delta rather than
strike price. We then run pooled cross-section time-series regressions explain-
ing volume for these categories as a function of explanatory variables such as
stock volume, implied volatility (lagged), proximity to earnings announcements,
proximity to expiration, and other explanatory variables. Our time period al-
lows us to study the effect of the financial crisis, so we include as explanatory
variables the LIBOR-OIS spread and dummies for the periods around the Bear
and Lehman failures and the short-sale restrictions in September and October
2008.

By placing options into different buckets, we allow for differential trading
based on different economic characteristics of the options. Deep out-of-the-
money options, for example, are inexpensive, highly leveraged, and sensitive to
jumps in the stock price. In-the-money options, by contrast are expensive, less
leveraged, and less sensitive (as a percentage of the option price) to jumps in the
stock. Although deep in-the-money options are less leveraged than out-of-the-
money options, they provide “pure” leverage in that the exposure to the stock
is almost constant. For a given degree of moneyness, all of these characteristics
vary with maturity.

Many papers have examined research questions related to the topic in this
paper. Most closely related are papers that directly examine determinants of
option volume, including |[Anthony| (1988), Lakonishok et al.| (2007) and
. Related papers consider the use of options to implement particular
strategies, such as speculating on earnings. See, for example, [Patell and Wolfson|
(1979, [1981)), [Ni et al|(2008), |Chang et al| (2010). Second, a set of papers asks
whether option trading affects the pricing of options. These include
land Whaley| (2004) and |Garleanu et al.| (2009). Finally there are papers that
consider the economic implications of options trading, including questions such
as whether information about the stock is expressed differentially in stock and
options markets and how option trading affects the manner in which information
is expressed in the stock market (Jennings and Starks), [1986)).

The paper most closely related to ours is [Lakonishok et al.|(2007)), who ex-

“McDonald| (2006, Chapter 13) provides a detailed discussion of delta-hedging. Although

we cannot observe market makers delta-hedging, it is widely believed in the industry that
market makers do delta-hedge and it is natural that an accommodating counterparty would
try to hedge risk.




amine option volume. Almost all of their empirical work uses delta-weighted
volume, whereas we use unweighted volume or gamma volume. Delta-weighting
measures the “share-equivalent” of an option position, assigning the most weight
to in-the-money options (which have a delta large in absolute value) and little
weight to out-of-the-money options (which have a delta small in absolute value).
Thus, their explanatory equations will give little weight to out-of-the-money op-
tions. Their approach views options as a stock substitue, whereas we are inter-
ested in studying options as options. Also related is a series of papers, |[Chaput
and Ederington| (2003, |2005bla, 2008), which examine trading on Eurodollar
futures. Their data differs from ours in that they can identify specific trading
strategies. Also, eurodollar futures are largely used by corporations and banks
hedging interest rate risk rather than individual investors.

Other recent papers examing options include|Fahlenbrach and Sandas| (2010)),
who find using FTSE-100 data that trading in volatility-sensitive option strate-
gies predicts future volatility. |Ni et al.| (2008) use vega-weighted volume to
also examine trading in volatility-sensitive options positions. |[Roll et al.| (2010)
use aggregate data to study the time series behavior of U.S. option volume ag-
gregated by the underlying stock, but do not examine differential responses of
option buckets. [Roll et al.| (2009) examine the characteristics of firms on which
options are heavily traded, finding, for example, that firms on which options are
actively traded have a greater Tobin’s Q.

2 Option Characteristics

Standard option pricing theory (Black and Scholes, [1973)) implies that options
are redundant securities. However, in practice there are a number of reasons
why investors might prefer to trade either the stock or an option. In particular,
investors face transaction costs and options span risks (such as volatility) that
are not otherwise tradeable. Thus, there are multiple possible motives for option
trading:

e Options expire. An investor planning to own the stock for a long holding
period may thus prefer the stock, to minimize transaction costs.

e The stock receives dividends and carries voting rights while the option does
not. The investor may view receipt of dividends as either an advantage
or a disadvantage, but the point is that the option and stock differ in this
respect.

e The option is equivalent to a dynamically-adjusted position in the stock.
Delta measures the “share-equivalent” of the stock (the number of shares
with equivalent price sensitivity to a stock price change) and gamma mea-
sures the change in delta with respect to the stock price. As the stock price
changes, the delta of the option changes, providing the option investor a
particular dynamic trading strategy. For an investor seeking this partic-
ular trading strategy, the option is likely to be less costly than trading



the stock to mimic the option. One possible explanation for investors to
seek the payoff pattern inherent in an option is differential risk aversion,
e.g. see |Leland (1980) and Brennan and Solanki| (1981)). This literature
shows that investors will demand convex payoffs (e.g., buying a call or
put) if their absolute risk aversion increases more rapidly than that of the
aggregate investor.

e The option price is a convex function of the stock price, hence changes in
the stock’s volatility affect the option price. The option price thus depends
on volatility, and the option provides a way to trade volatility.

e The option is a leveraged position in the stock. If the implicit interest cost
in an option differs from the explicit interest cost of borrowing to buy the
stock (or shorting the stock and lending), either option or stock positions
may be preferred.

We first examine the sensitivity of options to particular risks, such as changes
in the price of the underlying asset (delta and gamma) and exposure to jumps
— discrete moves in the stock price. With the Black-Scholes formula, for a given
stock price and time to maturity, vega (exposure to volatility) and gamma are
proportional, so it is not possible to disentangle demand stemming from desired
exposure to volatility to demand stemming from the desired exposure to the
implicit dynamic trading strategy in an option.

Table [1] summarizes delta, gamma, and jump risk of options for a variety
of strike prices and times to maturity. Delta and gamma are standard option
risk measures. We are not aware of a standard measure of jump risk, which
Garleanu et al.| (2009) refer to as kappa. Intuitively, one measure of jump risk
would assess the extent to which the option return differs from the levered
stock return in the event of a large move. To assess this, we assume that there
is an equal probability of an up or down move in the stock price, and compare
the resulting average change in the option price to the average change in the
stock price, which is zero since the jump is symmetric. Letting a denote the
percentage change in the stock price, the jump risk measure is

k=05 —0(8,1) (1)

e

C(S(1+a),t)+C <S t>

This expression assumes that the expected jump is zero. In our illustrations
of option price risk we use the Merton| (1976) option pricing formula which
permits jumps (but not risk premia associated with jumps). We do not attempt
to calibrate the option pricing model. The goal of the calculations is to have a
sense of the curvature of the option price function rather than to price options
with precision.

By the measure of equation , a sufficiently deep in-the-money or out-of-
the-money option or would have no jump risk, since the average option price
after the jump is the same as before the jump. (The definition of “sufficiently”
in this statement is that the jump does not significantly change the option’s
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Figure 1: Surface plots for gamma, gamma/option price, jump risk, and jump
risk/divided by option price, as a function of time to expiration and strike price;
assumes o = 0.40, r = 0.06, and § = 0.

delta.) A mildly out-of-the-money or in-the-money option by contrast could
have substantial jump risk because the jump would permit it to come back into
or og the money.

Table [1I] and Figure [1] illustrate several points. First, for very short-term
options, gamma and jump risk take on their largest values and are relatively
symmetric around the stock price. As time to maturity increases, both measures
decline but become relatively more important for out-of-the-money options. The
rightmost panels in Table [[] and Figure [I] display gamma and jump risk divided
by the option price. The conclusion remains that both gamma and jump risk can
be most efficiently acquired by purchasing short-term options that are near the
money and out-of-the-money. As maturity increases, out-of-the-money options
exhibit relatively more gamma and jump risk but substantially less than near-
term options. These qualitative conclusions are unchanged when we change «,
the jump magnitude in equation . For example, if we increase o from 15%
to 30%, jump risk triples and jump risk relative to price increases as much as

200 Strike Price



Table 1: Call option characteristics as a function of strike price and time to
expiration, computed using the [Merton| (1976) jump option pricing formula.
Assumes that S = $100, o = 0.40, » = 0.06, § = 0, A = 1.0 (jump intensity),
ay = 0 (average jump), and o ; = 0.30 (jump standard deviation). A 15% jump

upwards is assumed in computing jump risk.

Strike

60
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100
110
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140
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60
70
80
90
100
110
120
130
140
150

60
70
80
90
100
110
120
130
140
150

Time to Expiration (years) Time to Expiration (years)
Delta
0.0400 0.2500 0.7500 1.5000
0.9986 0.9853 0.9379 0.9046
0.9962 0.9544 0.8815 0.8538
0.9905 0.8783 0.8064 0.7967
0.9084 0.7446 0.7188 0.7363
0.5294 0.5740 0.6263 0.6753
0.1433 0.4051 0.5355 0.6155
0.0263 0.2673 0.4512 0.5585
0.0104 0.1695 0.3761 0.5051
0.0071 0.1065 0.3111 0.4556
0.0050 0.0680 0.2562 0.4104
Gamma Gamma/Price
0.0400 0.2500 0.7500 1.5000 0.0400 0.2500 0.7500 1.5000
0.0001 0.0010 0.0027 0.0028 0.0000 0.0000 0.0001 0.0001
0.0002 0.0035 0.0047 0.0038 0.0000 0.0001 0.0001 0.0001
0.0012 0.0085 0.0066 0.0047 0.0001 0.0004 0.0002 0.0001
0.0187 0.0142 0.0082 0.0054 0.0017 0.0009 0.0003 0.0002
0.0483 0.0176 0.0093 0.0061 0.0132 0.0017 0.0005 0.0002
0.0261 0.0172 0.0097 0.0064 0.0314 0.0027 0.0007 0.0003
0.0046 0.0142 0.0096 0.0067 0.0172 0.0037 0.0008 0.0003
0.0007 0.0103 0.0091 0.0067 0.0042 0.0044 0.0010 0.0004
0.0003 0.0069 0.0084 0.0066 0.0032 0.0047 0.0012 0.0004
0.0003 0.0044 0.0075 0.0065 0.0037 0.0046 0.0013 0.0005
Jump risk Jump Risk/Price
0.0400 0.2500 0.7500 1.5000 0.0400 0.2500 0.7500 1.5000
0.0120 0.1372 0.3237 0.3203 0.0003 0.0033 0.0073 0.0065
0.0317 0.4413 0.5379 0.4356 0.0010 0.0139 0.0148 0.0103
0.4225 1.0012 0.7530 0.5387 0.0208 0.0433 0.0255 0.0147
2.5416 1.5965 0.9276 0.6227 0.2352 0.1010 0.0393 0.0197
4.2897 19178 1.0387 0.6848 1.1688 0.1884 0.0555 0.0251
2.8408 1.8592 1.0827 0.7253 3.4186 0.2954 0.0733 0.0307
0.9037 1.5386 1.0692 0.7466 3.3457  0.4027 0.0919 0.0366
0.1793 1.1371 1.0135 0.7516 1.1239 0.4869 0.1108 0.0426
0.0486 0.7800 0.9316 0.7437 0.4599 0.5318 0.1292 0.0486
0.0299 0.5138 0.8367 0.7259 0.4268 0.5371 0.1468 0.0545



six-fold, but the patterns remain the same. The conclusion is that investors who
wish to obtain exposure to jump and gamma risk will hold at-the-money and
out-of-the-money options, with a relatively short time to maturity.

Investors who do not want this exposure have several alternatives. One is
to trade multiple options, for example by trading spreads or synthetic positions
in the stock (i.e., by simultaneously buying a call and selling a put). Such
strategies can potentially be undertaken with both long and short-term options
and at any moneyness, so they would not explain concentration of trading in
options with particular maturities or degrees of moneynessﬂ

In the empirical work we assign options to categories depending on whether
the option delta is less 0.25, greater than 0.75, or in between. The numbers in
Table[I] provide some sense how this classifies options at different maturities and
strikes. Just as gamma and jump risk are increasingly asymmetric across strikes
as time to expiration increases, delta is also. Thus, the delta classification can
differ considerably from a fixed classification based on strike price, and should
serve to distinguish options with different risk characteristics.

3 Data

Data in the paper are from CRSP, Optionmetrics, the Chicago Board Options
Exchange (CBOE), and the International Stock Exchange (ISE). We obtained
daily price and volume data for individual equity option contracts from Option-
Metrics, and the open-close Summary data from the CBOE and ISE. We use
data from January 2007 through April 2009 and we restrict attention to stocks
in the S&P 500.

3.1 Option and Stock Prices

The end-of-day data from OptionMetrics includes identifying information for the
options (strike price, expiration date, call or put, ticker symbol of the underlying
stock, SIC code), volume for each distinct contract, price, open interest, best
bid and offer prices, and option Greek measures, including delta and gamma.

Data on underlying stocks comes from the Center for Research in Security
Prices (CRSP), which provides daily closing prices, volume, shares outstanding,
daily returns, dividend payouts, and SIC codes. Data on the S&P500 are from
Yahoo.

3.2 Open/Close Option Volume

The open/close data provide an exchange-level daily summary of signed volume
for each option. All options traded on a U.S. exchange generate an entry with
the Options Clearing Corp, the U.S. options clearinghouse. Each trade can

3The individual equity options we analyze are all American-style options. The possibility
of early exercise increases the prices of options and potentially complicates the use of options
to create a synthetic stock position.



either open or close a position. If the investor buys a 40-strike June call, this
trade can either generate a new position in the option with the clearinghouse, or
it can offset an existing written position in the same option. Trades occuring at
the exchange are categorized by whether the trade order is placed by a customer
or firm (meaning a proprietary trading operation of a clearing member), and for
customers, by the size of the order that generated the trade (1-100, 101-200, and
greater than 200)E| Trades can be a buy or sell, and they can open a position or
close a position, so there are four categories for each option. We refer to these
categories as “buy to open”, “buy to close”, “sell to open”, and “sell to close”.
Trades from the CBOE and ISE together constitute about half of total trading
volume.

Several comments about this data are in order. First, the CBOE and ISE
represent more than half of equity option trades on U.S. exchanges. We have
no reason to think that trading on these exchanges is atypical, but it does not
represent all exchange-traded volume. Second and perhaps more importantly,
similar but not identical options can be bought and sold by the same investor.
For example, an investor might buy a 40-strike call and sell a 45 strike call; this
would be represented as two transactions in the open-close data. We have no
way to know whether they were undertaken by the same investor or different
investors. In the same vein, an investor could buy options on a set of large
stocks and sell an option on the S&P 100 index. We have no way to detect
such offsetting positions. Finally, investors can use over-the-counter (OTC)
transactions to hedge an exchange-traded position. This would be an issue only
for professional traders, but we have no information about OTC transactions.

Aggregate exchange trading volume reported for options counts a buy/sell
pair as a transaction. Each transaction reflected in the open/close data can be
between two non-market-makers or between a non-market-maker and a market-
maker. To summarize the possible evolution of positions in the open/close data,
it can be helpful to consider the possible results of a transaction. Figure [2]shows
the possible results of a transaction.

Suppose that a customer (non-market-maker) buys one option, either to
open or close a position. Table [2| shows the effect on open interest, net buys,
and total volume (which is 41 in each case). If the customer buying is opening a
position, and transacts with a customer selling to close a position, open interest
is unchanged. Similarly, if the buyer is closing a short position and transacts
with a seller closing a long position, open interest is unchanged. However,
if the buyer is opening and transacts with a customer selling to open, open
interest goes up by one. In the same way, if both buyer and seller are closing
their positions, open interest goes down by one. This is the case whether the
counterparty is a customer or a market-maker. Our definition of a net buy
depends upon whether the counterparty is a market-maker: if so, the transaction
results in a positive net buy, but it is zero otherwise since one customer has

4The categorization is based on the size of the order generating the trade, not the size of
the trade that results. An order for 300 options might result in a trade of 50 options; this
would be characterized as a large trade even though the realized quantity makes it appear to
be a small trade.



Figure 2: Possible transactions in the open/close data and the effect on open
interest, assuming that a customer buys, either to open or close a position. The
entries in the table are the change in open interest. The two left-hand columns
represent transactions among customers and the two right-hand columns rep-
resent a transaction with a market-maker. In all cases, volume is increased by
one.

Customer or firm Market-maker
Sell to open  Sell to close Sell to open  Sell to close
Buy to open +1 0 +1 0
Buy to close 0 -1 0 -1
Net buy = 0 Net buy = +1
Volume = +1 Volume = +1

accomodated another customer’s position.
We define “total buys”, “total sells”, and “net buys” for a given option series
i on day t as

Total buys,, = Buys to open;, + buys to close,,
Total sells;; = Sells to open;, + sells to close;;

Net buys,, = Total buys,;, — Total sells;:

Assuming that the open/close data is complete, net buys would measure the
end-of-day exposure that must be absorbed by market-makers. Because the
open/close data only includes trades from two exchanges, it provides a noisy
measure of market-maker exposure that will be downward biased on averageEI
We also compute gamma-volume, which for each bucket k for each day we
measure as

Nk
Gamma volumey; = Z I';t—1NetBuys,,
i=1
where the sum is over options in the bucket and T';;_; is the previous day’s
gamma for option series 4.

Once we match the Optionmetrics and open/close data from January 2007 to
April 2009, we have 383 million unique option/date/ticker records. To make the
data tractable, for each ticker for each day we construct nine option “buckets”
based on option moneyness and maturity. We classify calls as in-the-money,
at-the-money, or out-of-the-money, based on whether the Optionmetrics delta
the previous day is above 0.75, between 0.75 and 0.25, or below 0.25E| For
the same delta categories, puts are out-of-the-money, at-the-money, or in-the-
money. Since calls are in-the-money when puts are out-of-the-money and vice

5If orders are randomly distributed across exchanges, then the average ratio of true to
measured net buys will be proportional to the fraction of volume captured in the open-close
data.

6In many cases, Optionmetrics has a missing value for delta. However, every missing-delta
case we examined was for a deep in-the-money or deep out-of-the-money option. In those
cases, we assign a delta of 0.01 or 0.99 for a call or -0.01 or -0.99 for a put.
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versa, some of our tables use the nomenclature M1, M2, and M3, to refer to
low-strike, medium-strike, and high-strike options, where the cutoffs between
strike categories are determined by delta. Similarly, we use “near”, “mid”, and
“far” to describe maturity buckets. So a low strike (high delta) near-term call
is in the category “Mlnear”. For puts, the same category contains low-strike,
low-delta options.

The classification based on delta differs from that in|Lakonishok et al.[(2007)),
who classify options based on strike price. An option with a strike price that is
10% below the stock price will have different economic characteristics at different
times to maturity. With one week to maturity, such an option will be deeply
in-the-money, with a delta close to one. With two years to maturity, it will have
a lower delta, and possibly be classified as at-the-money. The drawback of delta-
based classification is that it potentially complicates the interpretation of volume
and open interest, as changes in the stock price (and less dramatically, changes in
time) can move options into different categories. Of course a strike-price based
classification will fail to reclassify options when their economic characteristics
change.

We base the delta classification on the lagged delta in order to avoid mechanically-
induced intra-day assignment to delta buckets. The option delta in the Option-
metrics database is not determined until the end of the day. If we used the
contemporaneous delta to assign options to buckets, then on days with a large
price rise, calls would mechanically be deemed more in-the-money (delta would
have increased), and thus volume in the in-the-money category would be high.
By using a lagged delta, we fix the bucket assignments during the day. Of
course, as prices change during the day, the economic characteristics of options
will change and relative trading volume will change for that reason, so using a
predetermined delta is not perfect either.

In creating maturity buckets, we define near-term as the nearest and next-
to-nearest expiration date, mid-term is the third and fourth nearest expiration
dates, and far-term is everything else. For example, an option bought or sold on
January 1 that expires in January or February is categorized as near-term. An
option with a February or March expiration bought or sold on January 30 (which
date is past the third Friday in January) would also be categorized as near-term.
The practical problem with maturity buckets is that, however constructed, the
options in a bucket will be constant for approximately a month, at which time
one set of options will expire, and one day later new options will typically start
trading. There is thus a “lumpiness” in the definition.

To understand better the effect of the maturity classification, it is necessary
to understand how the options exchanges determine expiration months. Stocks
are assigned to one of three quarterly expiration cycles, called the January,
February, and March expiration cycles. The January cycle includes January,
April, July, and October. On any date there are at least four options trading
with expirations of less than one year, and among large stocks, generally at least
one option expiring in more than one year, always in January. These longer-
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term options are known as LEAPS (Long-term Equity Anticipation Securities)[]
Equity options expire on the Saturday following the third Friday of each month.
The option closest to expiration is known as the front month. There are always
options trading for the front and following months. In addition, a new two-
year LEAPS is issued in September (January cycle), October (February cycle)
or November (March cycle). We will consider several scenarios to understand
variations in maturity within the buckets.

1. January 1, 2010: A January cycle option will have January, February,
April, and July options trading, in addition to options (LEAPS) expiring
in January 2011 and January 2012. Thus, the near bucket will have ma-
turities of about two weeks and seven weeks. The mid bucket contains
options expiring in April and July, with maturities of approximately 90 to
180 days.

2. January 15, 2010. With the January option expiring, the near bucket
contains options of at most 5 weeks to expiration. The mid bucket has
maturities of approximately 75 to 165 days.

3. January 18, 2010: The expiring January options stop trading on January
15 (the third Friday of January). The following Monday, January 18,
February becomes the front month and a new March option will start
trading, so maturities jump to 30 to 60 days in the near bucket. Note that
the options in the mid bucket are unchanged.

4. February 22, 2010: The February options have expired. March is the
front month and the new option expirations will be March, April, July,
and October. The last begins trading to ensure that there are four options
with expiration less than one year. The maturities in the mid bucket are
now approximately 150 to 210 days.

One final complication is that the January LEAPS are “off-cycle” for non
January-cycle months. So when September is the front-month, February cy-
cle options will have September, October, (these are the two front months),
November (a cycle month), January (a LEAPS month) and February (a cycle
month) trading.

The buckets are necessarily coarse. There will be jumps in average maturity
due to of discreteness in expiration dates. A virtue of our algorithm is that
options switch buckets on clearly-defined dates. A disadvantage is that there
are considerable swings in time to expiration. This is to some extent inevitable,
given the lumpiness of monthly cxpirationsﬁ

7 Apart from time to expiration, there is no meaningful economic distinction between stan-
dard options and LEAPS, although the terminology is still in use. Generally LEAPS trade
only on options with an average daily trading volume of at least 1000 contracts.

8There are now weekly options trading for some stock. We do not have these options in
our sample.
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4 Empirical Model

The goal is to explain volume, gamma volume, and open interest in equity
options as a function of economic variables, including option expiration, earnings
announcements, dividend payments, interest rates, VIX, and various episodes
of the financial crisis, including the Bear Stearns takeover, the Lehman failure,
and short-sale restrictions.

The basic regression equation is

hl(VOlijkt) = aijk -+ 50 IH(VOIStOCkit) + ﬁijit + ’ijY;f + Eijkt (2)

where Vol;;; is the trading volume on day ¢ for options on stock ¢ in matu-
rity /moneyness bucket j in category k, where category can be aggregate vol-
ume, gamma-weighted volume, buys to open, buys to close, sales to open, or
sales to close. Some explanatory variables vary with the stock and time (X;;)
and others vary over time and are common across stocks (Y;). To account for
endogeneity with equity options (high option volume could induce high stock
volume as market-makers delta-hedge) we instrument stock volume using lagged
stock volume, lagged option volume, and lagged S&P volume.

We estimate equation by OLS with stock fixed effects and clustering by
stock. We limit stocks to those in the S&P 500 to ensure that we capture only
actively-traded options. The time period of our analysis is January 2007 to
April 30, 2009, which includes the period of recent financial market volatility
and economic recession. By examining this time period we are able to analyze
the impact of extreme market volatility on options volume.

4.1 Explanatory Variables

The regressors are variables that seem likely to affect trading in options or that
prior research has found likely to affect trading: events that give rise to volatility,
variables that affect the cost of leverage implicit in the option, and so forth.

We control for both stock and option-specific variables as well as general
economic variables. Stock and option-specific variables include

e contemporaneous stock volume, instrumented by lagged stock volume and
lagged market volume

e lagged stock return of the individual stock. One motivation is that a
large return would be associated with an accumulation or decumulation
of option positions that would be reversed in subsequent days.

e lagged mean implied option volatility, computed by averaging across stocks
in a given bucket

e earnings announcement date, with dummy variables for the 9 trading days
preceding and following the announcement

13



e Earnings forecast dispersion. This is the variable used in |Diether et al.
(2002), with the standard deviation of analyst forecasts divided by the
stock price serving as a measure of market uncertainty about the firm.
This is expressed as percentage points.

e Dummies for the option expiration date and 9 days leading up to and
following expiration

e dividend record date (dummy) and dummies for the day preceding and
following

e lagged option open interest, computed within the bucket
Economy-wide explanatory variables include

e dummies for days leading up to and after the sale of Bear Sterns in March
2008

e dummies for days leading up to and after the failure of Lehman Brothers

e dummies for short-sale restrictions in September and October of 2008, and
for naked-short restrictions in July 2008 (since not stocks were affected by
the restrictions, these are applied on a stock-by-stock basis)

e the VIX index
e S&P 500 stock volume,

e the Fed funds rate. Since there is an implicit interest cost in option,
changes in the interest rate might be associated with

e The 2-year Treasury rate

e The 3-month LIBOR-OIS spread. This rate difference was widely used as
a measure of market stress during the financial crisis

5 Data Summary

In this section we present summary statistics. From this point on we restrict the
equity option sample to the 125 stocks in the S&P 500 with the greatest option
trading volume. This accounts for about 80% of the option trading volume in
S&P 500 stocks, or about 5 million contracts daily out of over 6 million traded
on S&P 500 stocks. Figure [3| shows the cumulative distribution of volume,
making it clear that the low volume firms in the S&P 500 have significantly
lower relative volume.

Summary statistics for explanatory variables are in Table[2] As documented
by earlier papers, call volume and open interest exceed put volume and open
interest; both exhibit considerable skew. Special announcements — economic
statistics, FOMC meetings — occur about once every 20 days. Dividend record

14
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Figure 3: Cumulative trading volume for tickers on stocks in the S&P 500,
sorted by option trading volume.

dates are 1% of trading days but [Pool et al. (2008]) find that these days account
for about 15% of call volume on dividend-paying stocks. The very large maxi-
mum earnings dispersion estimate is from AIG. The sample contains two other
comparable dispersion values, from AIG and MBIA.

Figure [4] displays some basic properties of equity option volume for the top
125 stocks. The top left panel shows that almost 50% of stocks in the top
125 have average daily volume between 10,000 and 20,000 contracts. Citigroup
and Apple are outliers, with each having average daily volume of approximately
270,000 contracts. The top right graph shows that the ratio of open interest
to shares outstanding is below 10% for most stocks, but reaches as high as
33%. The bottom left graph shows what might be termed “turnover”: the ratio
of volume to open interest by bucket. Table [2] shows that the ratio of open
interest to volume is about 20. The figure shows that turnover is lowest for far
maturity options. Short maturity options exhibit a higher ratio of volume to
open interest. Finally, the bottom right graph depicts a histogram of option
volume to stock volume, both measured per share. At the far right, Google’s
option volume on average exceeds share volume by 50%. For most option the
ratio is well below 0.5.

Figure [5] summarizes information about volume and open interest in equity
options, by bucket, broken down for puts and calls. Values at the ticker level
are averaged over time, so the cross-sectional dispersion in these graphs is due
to variation across tickers, not within a ticker. The top panels shows volume
histograms by bucket, based on average volume. Skewness is evident, as is the
greater volume in calls and greater volume at near maturities. For all buckets,
most firms have volume below 5000 contracts per day. Exceptions in the graph
are apparent.
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Table 3: Daily volume summary statistics for calls (first panel) and puts (second
panel) by category of trader.

Variable Mean Std. Dev. Min. Max.

Large customer buys 1604.075 6400.032 0 470972
Medium customer buys  540.316 1681.838 0 112357
Small customer buys 2425.588 6106.300 0 311530
Large customer sells 1611.882 7072.514 0 630782
Medium customer sells ~ 558.293 1748.041 0 138871
Small customer sells  2603.983 6240.029 0 356099
Firm buys 1742.462 5402.55 0 275641

Firm sells 1546.624 4907.686 0 287373

Large customer buys 1131.417 4999.731 0 315617
Medium customer buys  330.704 997.798 0 55294
Small customer buys 1402.014 3572.469 0 200253
Large customer sells 1103.214 4460.060 0 264314
Medium customer sells ~ 344.989 981.641 0 55639
Small customer sells  1489.568 3684.065 0 193231
Firm buys 1440.664 4250.536 0 281308

Firm sells 1282.086 4448.994 0 283994

N 68046

The center figures in Figure [f] display relative volume: the fraction of volume
for a firm accounted for by options in a bucket. For both puts and calls, in-the-
money options account for a small percentage of volume — at-the-money and
out-of-the-money options are more important, as evidenced by the histogram
weight in greater percentile categories.

Finally, the bottom two figures show there is considerably more open interest
than volume in the various buckets. The greater open interest for long-term and
in-the-money options suggest that turnover is lower in those categories.

Summary statistics for the four categories of signed volume (customer orders
for 1-100 contracts (small), 101-200 contracts (medium) and more than 200
contracts (large), and for firm volume are presented in Table Small customers
represent the largest volume category, followed by firms and large customers.
Medium customers are a distant fourth.

The sum across categories for calls and puts is less than the average daily
volume reported in Table [2| to the extent that the CBOE and ISE volume num-
bers do not represent the entire market (total volume in Table [3|is about 60%
of that in Table .

6 Results

For each of the nine buckets and for puts and calls separately, we run 7 re-
gressions which have as dependent variables total volume, the four open close
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categories (buy to open, buy to close, sell to open, sell to close), gamma volume,
and open interest. Thus we have 126 regressions, each with 93 explanatory
variables, including dummies. We also run regressions in which we use total
buys and totals sells as the dependent variable, broken down by customer and
firm categories. The volume and open interest regressions have log volume as
the dependent variable, whereas gamma volume (which can be negative) is not
transformed. R-squareds for the regressions are in the vicinity of 0.3 for the
total volume and open/close regressions, 0.005 for the gamma regressions, and
0.7 for the open interest regressions.

Because it is difficult to absorb and interpret this volume of output, we
present results for specific explanatory variables, both graphically and in tables.

6.1 Stock Volume

Table {4 presents estimates for 3, in equation . Several points stand out.
First, the coefficient is close to 1 for most of the unweighted volume regressions:
When volume for the stock increases, volume for most option increases propor-
tionately. There is also an increase in open interest, with estimated elasticities
generally less than 0.10 (we would not expect open interest to increase by the
same percentage as volume).

Gamma volume estimates are generally small and insignificant, suggesting
that an option volume increase associated with a stock volume increase does
not generally lead to greater inventory for market-makers. To interpret the
coefficients, gamma for a near term at-the-money option can be around 0.05. A
coefficient of 1.0 thus implies that an increase of 1 in the log of stock volume (a
tripling of volume) results in non-market-makers buying 20 more options, which
means that market-makers must sell 20 options. The significant coefficients in
Table [4] are negative, which implies that on high volume days, non-market-
makers sell options to market-makers.

6.2 Earnings

Since [Patell and Wolfson| (1979, [1981) it has been widely recognized that earn-
ings announcement days are of special interest for option traders. They fo-
cused on option pricing, specifically the extent to which option prices reflected
the greater uncertainty associated with earnings announcements. We find that
earnings days have a large effect on volume but not on open interest, suggesting
that much of the trading on earnings announcement days is very short term.
Equation includes dummy variables for the 9 days preceding and fol-
lowing an earnings announcement, and one for the day itself. The coefficients
on the dummy variables represent a change in one for the log of volume, so a
1.0 represents an increase by a factor of e (about 278%). Figure [f] plots the
regression results for calls, for each moneyness/expiration bucket. In each sub-
figure, we plot the coefficients for total volume and for each of the open-close
categories. It is important to remember that the open-close volume is not equal
to total volume. Even if it were, the open-close coefficients would not sum to
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the total volume coefficient because the coefficients are elasticities, not dollar
amounts.

Several patterns are immediately evident in Figure[6] For all of the graphs,
the volume effect shows a peak on day 0 or day -1 (the day before the earnings
announcement). the effect is greatest for at-the-money and out-of-the-money
options, with the greatest effect for the near-term options. This makes sense
on several counts. First, the effect of the earnings announcement will have the
greatest relative effect for a short term option. Second, at-the-money options
will have the greatest sensitivity to volatility. Third, out-of-the-money options
will have the greatest sensitivity to jumps.

The volume coefficients show the greatest relative effects on buys to open
until day 0, after which the greatest effect is sales to close. This is consistent with
investors purchasing calls and selling them after the earnings announcement.

The same qualitative patterns are evident for puts in Figure[7] Again there
is a surge in buys followed — after day 0 — by sells for the at-the-money and
out-of-the-money near-term puts. The fact that both buys of puts and call
increase is consistent with a number of trading strategies, including outright
option purchases, straddles, and strangles (out-of-the-money call bought with
out-of-the-money puts).

Tables [5] [6] and [7] display the coefficients for all volume regressions for the
dummy variables for the day before, day of, and day after the earnings an-
nouncement. Examine the gamma volume rows. Of interest is the fact that
gamma volume is positive while open interest is generally unchanged or lower
as a result of the earnings announcement. This implies that traders generally
are holding positive gamma positions (generally buying options) and impos-
ing the risk on option market-makers. This is consistent with anecdotes about
traders generally buying options prior to earnings announcements. The gamma
of an at-the-money option that is not extemely close to maturity is likely to be
about 0.05. Each option is on 100 shares. A coefficient of 1 means that market-
makers are absorbing options with a notional share amount of 2000 shares. A
coefficient of 20 represents an increase in 400 options (on 40,000 shares). The
gamma volume coefficients show that traders the day before an announcement
on net buy near-term at-the-money puts (coefficient of 35) and calls (coefficient
of 91). The buying continues on day 0 and is reversed on day +1. These effects
are interesting but not large. A coefficient of 91 for a near-term at the money
option suggests that market-makers have to absorb 1800 at-the-money calls and
700 at-the-money puts.

Despite the volume, open interest also does not increase. The fact that
gamma volume and open interest effects are small can mask trading among the
various categories of non-market-maker trader. With the open/close data we
are able to examine the extent to which groups trade among themselves. To
determine which groups of traders are buying and which are selling, we run
the volume regressions separately for the three customer categories and firms.
Figures [8 - [L1] plot the earnings coefficients broken down by customer and firm
categories for call and put buys and sells. In all of these graphs, the coefficients
that are visually non-zero also turn out to be statistically non-zero.
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Figure 6: Effect of earnings announcements on call volume. Plotted points are
regression coefficients for dummy variables from equation , with the dummy
variables representing the day relative to an earnings announcement (day 0). In
the legend, “BO” means a buy to open a position; “SO” means a sale to open
a position; “BC” means a buy to close a position; “SC” means a sale to close a
position; “T'V” means total volume in that category of options.
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Figure 7: Effect of earnings announcements on put volume. Plotted points are
regression coefficients for dummy variables from equation , with the dummy
variables representing the day relative to an earnings announcement (day 0). In
the legend, “BO” means a buy to open a position; “SO” means a sale to open
a position; “BC” means a buy to close a position; “SC” means a sale to close a
position; “T'V” means total volume in that category of options.
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Figure [§|shows that all groups buy calls in the at-the-money and out-of-the-
money categories, but that only small customers buy in-the-money calls around
earnings announcements. Figure [L0] shows that the desire by small customers
to buy in-the-money options is accomodated by firms, large customers, and
other small customers. This figure also shows that selling calls around the
earnings announcement is disproportionately from firms and large customers
(who could be hedge funds and thus similar to firms). (In interpreting these
figures an important caveat is always that a given option position could be part
of strategy.)

For puts, volume increases are also concentrated in at-the-money and out-
of-the-money options, with all categories buying options but firms and large
customers disproportionately selling.

We also tested to see if volume was related to dispersion among analyst earn-
ings forecasts (see Diether et al., [2002). The hypothesis would be that if option
trading is a response to fundamental uncertainty, volume would be greater when
market participants were least certain about earnings. The dummy variables
interacted with earnings dispersion coefficients (not reported) are generally sta-
tistically insignificant and typically negative when significant.

6.2.1 Interest rates

The LIBOR-OIS spread is the difference between the 3-month LIBOR rate and
a swap based on the geometric average of the overnight rates for 3 months. This
spread increased dramatically during the financial crisis, reflecting distress in
the interbank lending market.

Table [J] presents results for the coeffcients on the LIBOR-OIS spread. If
we think of a high LIBOR-OIS spread as an indicator of financial distress —
specifically, difficulty borrowing — effects should be most pronounced on options
with a greater financing component, namely in-the-money options. Indeed,
effects are not large, but as the spread increases there is a reduction in trading
volume and open interest for in-the-money calls and a slight increase for out-of-
the-money calls. Similarly, there is an increase in trading volume for out-of-the-
money puts and a reduction for in-the-money puts. High spreads thus do seem
to reduce activity for in-the-money options. Note that open interest increases
in high strike near- and mid-term puts and calls.

6.3 Short-sale Ban

For a period of several weeks during the financial crisis in 2008, the U.S. enacted
a ban on short-selling of over 700 stocks, including virtually all financial firm
stocks. The ban was ordered in the early morning of September 19, and was
widely considered to have surprised market participants. Moreover, it was not
immediately clear whether option market-makers would be exempted from the
short-sale ban (early in the following week they were).

A variety of responses to the ban are possible. On the one hand, investors
would be expected to buy put options in lieu of the short-sales that were now
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Figure 8: Effect of earnings announcements on call buy volume. Plotted points
are regression coefficients for regressions with customer and firm signed as the
dependent variables. Dummy variables are from estimates of equation , with
the dummy variables representing the day relative to an earnings announcement
(day 0). In the legend, “CO” means the regression coefficients with customers
ordering 1-100 contracts, “C1” is for customers ordering 101-200 contracts, and
“C2” is for customers ordering more than 200 contracts. “F” is for firm volume.
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Figure 9: Effect of earnings announcements on call sell volume. Plotted points
are regression coefficients for regressions with customer and firm signed as the
dependent variables. Dummy variables are from estimates of equation , with
the dummy variables representing the day relative to an earnings announcement
(day 0). In the legend, “CO” means the regression coefficients with customers
ordering 1-100 contracts, “C1” is for customers ordering 101-200 contracts, and
“C2” is for customers ordering more than 200 contracts. “F” is for firm volume.
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OTM Near ATM Near ITM Near

Figure 10: Effect of earnings announcements on put buy volume. Plotted points
are regression coefficients for regressions with customer and firm signed as the
dependent variables. Dummy variables are from estimates of equation , with
the dummy variables representing the day relative to an earnings announcement
(day 0). In the legend, “CO” means the regression coefficients with customers
ordering 1-100 contracts, “C1” is for customers ordering 101-200 contracts, and
“C2” is for customers ordering more than 200 contracts. “F” is for firm volume.
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Figure 11: Effect of earnings announcements on put sell volume. Plotted points
are regression coefficients for dummy variables from equation , with the
dummy variables representing the day relative to an earnings announcement
(day 0). In the legend, “BO” means a buy to open a position; “SO” means a
sale to open a position; “BC” means a buy to close a position; “SC” means a
sale to close a position; “T'V” means total volume in that category of options.
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forbidden. On the other hand, if market-makers believed themselves unable to
short shares to hedge, they would likely be unwilling to sell puts.

Table [0 presents the dummy coefficients for September 19. Focusing on puts,
the prominent coefficient is an economically large decline in open interest for
in-the-money puts. The coefficient of -1.47 suggests a decline in open interest of
almost 80%. In-the-money puts would have the highest delta in absolute value
and thus be the hardest to hedge in the face of a ban on short sales. Both
buys and sells to close in-the-money put positions also declined significantly,
consistent with less trading in putsﬂ At the same time, open interest in in-the-
money calls increased.

In interpreting these results, it is important to keep in mind that September
19 was special in at least two iportant respects. First, there was of course
widespread concern about the stability of the financial system; for example,
the Treasury announced on that day insurance for money-market funds. This
alone could lead to abnormal trading patterns. Second, September 19 was an
expiration Friday. The regression specification includes a dummy variable for
expiration, so any effects should be interpreted as above and beyond what would
normally be experienced at expiration. In sum, the results are at least consistent
with supply effects stemming from the market-makers being unable or unwilling
to short stocks.

6.4 Dividends

Pool et al.| (2008) demonstrate that volume for in-the-money calls increases
significantly on the day before the ex-dividend datem They attribute this to
proprietary traders who exploit the failure of individual option buyers to exer-
cise. Specifically, proprietary traders buy large numbers of in-the-money calls
and sell equal numbers of higher-strike in-the-money calls They then exercise
all purchased calls. Written calls are assigned randomly against the exercised
calls. The proprietary traders then hope that some of the written calls will not
be assigned because some investors don’t exercise. When the stock price drops
ex-dividend, the unassigned written calls make money.

We confirm the findings of|Pool et al.[(2008). In our regressions, the dividend
date dummy in the total volume regression is 2.43, which represents an 11-
fold volume increase. There is also a slight increase in volume (approximately
doubling) for mid and far-term in the money calls, but little for puts and other
call categories. In the open/close data, there are positive coefficients on both
purchases and sales. There is no change in open interest, which reflects the
optimal exercise of the large number of newly-purchased calls. The analysis
in [Pool et al.| (2008]) is thorough, so we take these results as a check of the
reasonableness of our procedure.

9The categorization of options is based on the prior day’s delta, so the fact that the market
went up on September 19 would not mechanically change the assignment of an option to a
moneyness category.

10Because settlement three days after the trade, the ex-dividend date is three days before
the date on which owners of record receive the dividend.
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7 Conclusions

Options provide investors a bundle of economic attributes that differ from the
stock. We examine the economic determinants of option trading and find that
most option trading is in short-term at-the-money and out-of-the-money op-
tions, where exposure to gamma and jump risk is greatest. There is less trading
in in-the-money options, where options provide an opportunity to obtain a pure
leveraged position and the option is most clearly an alternative to holding the
stock. There is also substantially less volume in long-term options, although
the ratio of open interest to volume is greater for long-term options, suggesting
that long-term option buyer or sellers intend to hold their positions.

The factors that affect option trading include stock volume and earnings an-
nouncements. We find that volume elasticities are approximately one, and that
open interest increases as well during high volume days, though by substantially
less than the volume increase. Trading around earnings announcements is most
pronounced in at-the-money and out-of-the-money options, both calls and puts.
There is a large increase in volume and in gamma volume, but not in open
interest, suggesting that market-makers absorb some of this volume increase.
Volume broken down by customer category shows that small customers behave
differently than large customers and firms, buying more in-the-money options
and selling fewer options, suggesting that during earning announcement periods,
the large and professional traders provide options to small investors.

Changes in the LIBOR-OIS spread also affected option trading. Increases
in the spread, which were interpreted as a sign of distress during the crisis, are
associated with volume and open interest reductions in in-the-money puts and
calls, which are options that implicitly have significant financing.

Finally, we find evidence that the short-sale ban on September 19, 2008
could have reduced open interest in in-the-money puts. The evidence is at best
suggestive, however, given the complicated events of that period.
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