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Intraday Price Change and Trading Volume
Relations in the Stock and Stock Option Markets

JENS A. STEPHAN and ROBERT E. WHALEY*

ABSTRACT

This study investigates intraday relations between price changes and trading volume of
options and stocks for a sample of firms whose options traded on the CBOE during the
first quarter of 1986. After purging the price change series of the effects of bid/ask
spreads, multivariate time-series analysis is used to estimate the lead/lag relation
between the price changes in the option and stock markets. The results indicate that
price changes in the stock market lead the option market by as much as fifteen minutes.
The analysis of trading volume indicates that the stock market lead may be even longer.

THE INTENSE TRADING ACTIVITY in and, in fact, the very existence of organized
stock option markets attest to the economic benefits that these financial contracts
provide. Reduced transaction costs and increased financial leverage are two
reasons why trading in the stock option market may be more attractive than
trading in the market for the underlying stock. In addition, these cheaper and
more flexible trading opportunities attract new and differently informed investors
to the marketplace. The resulting increase in trading activity, together with the
inextricable arbitrage linkage between stock and option prices, imply an increase
in market efficiency.

This study investigates empirically the intraday price change and trading
volume relations between stocks and options for a sample of firms whose options
were actively traded on the Chicago Board Options Exchange during the first
quarter of 1986. In particular, intraday call option price changes are translated
into implied stock price changes using the American call option pricing model.
These intraday implied stock price changes are then compared with the actual
stock price changes to identify which, if either, market leads the other. In perfectly
functioning capital markets, there should be complete simultaneity between the
series, that is, new information disseminating into the marketplace should be
reflected in the prices and the trading activity of both securities simultaneously.
Institutional factors, however, may make the stock option market more attractive
to information traders. This may cause price changes and trading activity due to
new information to be observed in the option market first, followed by price

* The Fuqua School of Business, Duke University. This research was supported by the Futures
and Options Research Center, Duke University, and Unisys Corporation. The Chicago Board Options
Exchange generously supplied the stock option data used in this study. An earlier version of this
paper was prepared for the Second International Conference in Finance at HEC-ISA, Jouy-En-Josas,
France. Very capable computational assistance was provided by John Sprow. The final version of
this paper benefited from the helpful comments of Terry Brookshire, Campbell R. Harvey, Michael
L. Hemler, an anonymous referee, and the editor, René M. Stulz.
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changes and trading activity in the stock when arbitrageurs step in to profit from
the pricing discrepancies between the two markets.

Evidence that the stock option market tends to lead the stock market has
appeared in the literature. Manaster and Rendleman (1982), for example, inves-
tigate this issue by analyzing the close-to-close returns of portfolios based on the
relative difference between stock prices and stock prices implied by option prices
and conclude that closing option prices do, in fact, contain information that is
not contained in closing stock prices. Furthermore, they claim that it takes up
to one day for stock prices to adjust. The use of closing price data, however,
seriously undermines the interpretation of their results. The option market closes
at 3:10 PM (CST), ten minutes after the close of the stock market. Information
that Manaster and Rendleman (hereafter, MR) ascribe to being in option prices
and not stock prices may only be information that has disseminated into the
marketplace between the times when the stock market and the option market
close.

Bhattacharya (1987) uses transaction data to examine the intraday lead/lag
relation between the markets. He uses observed bid/ask call prices to compute
implied bid/ask stock prices, which are, in turn, compared to actual bid/ask stock
prices to identify arbitrage opportunities. The stock is considered underpriced
(overpriced) if the implied bid (ask) is higher (lower) than the actual ask (bid).
A simulated trading strategy based on these arbitrage signals indicates that
profits are insufficient to overcome transaction costs for all intraday holding
periods. Bhattacharya, however, confirms the MR trading strategy results by
documenting statistically significant excess returns for overnight holding periods
(after the costs of transacting but before information search and exchange seat
opportunity costs).!

A critical aspect of Bhattacharya’s test design is that it will only detect whether
the option market leads the stock market and not vice versa.? In order to test for
the possibility of stock prices leading option prices he would have had to use
observed bid/ask stock prices to compute implied bid/ask call prices to identify
over(under)-pricing. Although he shows that option price changes have some
predictive power, his results do not preclude the possibility that the stock price
changes predict option price changes.

Anthony (1988) uses daily data to examine whether trading in the option
market causes trading in the stock market (or vice versa).® He concludes that
“ ... trading in call options leads trading in the underlying shares, with a one
day lag.” His results are subject to the same caveats as MR due to the nonsimul-
taneity of the closing times for the two markets. Moreover, the evidence is not
overwhelming. He finds that (a) option volume leads stock volume for thirteen
firms, (b) stock volume leads option volume for four firms, and (c) there is no
unambiguous direction of causality for the remaining eight firms.

The approach used here circumvents the two major problems of the previous
studies. First, transaction-by-transaction data from the stock and option markets

! While our research methodology clearly identifies the lead/lag structure of intraday price changes
in the stock and option markets, it does not shed light on this puzzling overnight effect.

2 Bhattacharya recognizes this problem but does not perform the simulations in the reverse way.
3 Anthony uses the terms “cause” and “causality” in the sense of Granger (1969).
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are used. Thus, the biases inherent in the nonsimultaneity of closing prices in
the two markets are avoided. Second, the analysis focuses directly on the lead/
lag relation between the intraday price changes in the stock and option markets
rather than indirectly through simulating a trading strategy. Call price changes
over five-minute intervals are transformed into implied stock price changes, and
then multivariate time series regression analysis is used to estimate directly the
lead/lag relations between the price changes in the stock and option markets.
Unlike the previous studies, our findings indicate that the stock market leads the
option market, both in terms of price changes and trading activity.

The outline of the study is as follows. In Section I, the theory underlying the
price change relation between the stock and option markets is discussed. Section
II contains a description of the data that are used in the analysis. All call option
transactions on the Chicago Board Options Exchange (CBOE) during the first
quarter of 1986 are included. Transaction prices for the underlying stocks are
also used. Section III contains an examination of the univariate time series
properties of the stock and option price change series. Evidence of a bid/ask
price effect is apparent in both. The effect is purged from the series using a
moving average process. The innovations from the MA processes are used to
estimate the temporal relation of price movements in the stock and option
markets in Section IV. The multiple time series results reveal that stock prices
tend to lead option prices by fifteen to twenty minutes. An examination of trading
activity in Section V suggests that the lead may be even longer. Section VI
contains a summary of the major results and conclusions of the study.

I. Theoretical Price Change Relation

Options are redundant securities in the marketplace. A call option on a common
stock, for example, is a leveraged long position in the stock, where the degree of
leverage is continuously rebalanced as the stock price changes and as the option
approaches expiration. Because of this redundancy, relative option valuation
models can be derived.? In general, the value of a call (C) may be expressed as a
function of the underlying stock price (S),

C = f(9). (1)

Since causation is not implied in (1), the value of the stock may also be written
as a function of the call price,

S =f7(0). (2

This redundancy of markets also implies a relation between the price changes of
the call relative to the stock. If a call price changes in value from C,_; to C, over
a small interval of time and if the equilibrium relation between the stock price
and the option price remains intact,” the stock price change over the same

* The Black-Scholes (1973) call option pricing formula, for example, is a relative valuation model.
5 Although the equilibrium relation between the call option and the stock changes through time, it
is approximately constant over the five-minute price change intervals used in this study.
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interval of time should be
F1C) = 1 (Cemt) = 8; = Sy = §e. (3)

It is the relation between the implied stock price change §; in (3) and the actual
stock price change S; — S;,—; = s; that is the primary focus of this study. In
efficiently functioning stock and stock option markets, the price change relation
should be perfectly contemporaneous,

§t = S;. (4)

The theoretical price change relation (4) is the primary focus of this study.
With perfectly frictionless and continuous markets, the stock price change
implied by an option price movement exactly equals the stock price change.
Because markets are not frictionless and because price observations from the
two markets are not simultaneous, the observed relation between price changes
in the two markets will be noisy. In addition, if there are economic incentives for
certain traders to prefer transacting in one market vis-a-vis the other, a lead/lag
relation between the price changes in the two markets is likely. A sensible
empirical model to investigate is therefore

K
§i=a+ Y Bkt e, (5)
k=—K

where s? and §? are the observed actual and implied stock price changes,
respectively, ¢ is a random disturbance, and K is the (arbitrary) number of
leading and lagged regressors. Market frictions will contribute to the error
variance in (5). Leading and lagged effects will be reflected through nonzero,
noncontemporaneous coefficients.

II. Data

The data used in this study came from four sources. First, the Chicago Board
Options Exchange (CBOE) provided stock option transaction data for the period
January 2, 1986 through March 31, 1986. These data contain the time, price, and
number of contracts traded for each stock option transaction. The latest stock
price before the time of option transaction is also recorded in this file. Second,
U.S. Treasury bill rates were collected from Wall Street Journal issues for each
day during the first quarter of 1986. The riskless rate for each option maturity is
computed using the average of the bid and ask discounts of the T-bill whose
maturity most closely matched the maturity of the option. Third, the cash
dividend information as well as the ex-dividend dates were drawn from the CRSP
Daily Master File. The actual dividends paid are used as estimates of the
anticipated dividends paid during the options’ lives. Fourth, individual transac-
tion prices and trading volumes for the stocks underlying the call options were
taken from the Francis Emory Fitch data base.
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A. Exclusionary Criteria

In order to estimate the implied stock price changes described in Section II, a
specific option valuation equation is necessary. The valuation equation used for
pricing American call options on dividend-paying stocks is an extension of the
Roll (1977) American call option pricing formula and is presented in Appendix
A. The model is limited to a maximum of two dividend payments on the
underlying stock during the option’s life so transactions on options with more
than two dividends are excluded from the sample. Of the 1,080,370 call option
transactions during the first quarter of 1986, 22,780 (2.1 percent) were eliminated
for this reason.

In general, the American call option pricing model’s parameters are easy to
obtain. The exercise price and the time to expiration of the option are known
values, and the stock price and the riskless rate are observable market parameters.
The actual amount and timing of the dividends are used to proxy for the forecast
dividends. To estimate the stock’s return volatility, call option transaction prices
for that stock on the previous trading day are regressed on their respective
theoretical prices, where all of the parameters except ¢ are inputs. Because the
implied volatility is estimated using the previous day’s transactions, no volatility
estimate is available on the first day an option is traded. In all, 8,632 (0.8 percent)
of the 1,080,370 total transactions were eliminated for this reason.®

Prior to implementing the volatility estimation procedure, the option trans-
actions were carefully scrutinized to identify values that violate basic rationality
conditions. An American call option on a stock with two known dividends paid
during the option’s life has three important lower price bounds. These bounds
are implied by early exercise of the call just prior to each of the two ex-dividend
instants and by normal exercise at expiration. The bounds are: (a) S — Xe™;
(b) S — Dye™ — Xe7; and, (¢c) S — Die™ — Dye™™ — Xe™'T, where S is the
current stock price, and D; and D, are the dividends per share paid at the ex-
dividend instants, ¢; and ¢, periods from now, respectively. Expression (a) is the
lower price bound of a European call whose time to expiration equals the time to
the first ex-dividend instant; expression (b) is the lower price bound of a European
call whose time to expiration equals the time to the second ex-dividend instant;
and expression (c) is the lower price bound of a European call option with the
specific time to expiration. If the observed call option transaction price is below
any one of these three values, no volatility estimate is possible. For this reason,
all such option transactions were eliminated from the sample.

Deep in-the-memory and deep out-of-the-memory options also pose a problem
in volatility estimation. Such options are priced at approximately their intrinsic
values and contain little, if any, information about the level of the stock’s
volatility. To filter these option transactions from the sample, upper and lower
bounds on the moneyness of the option were defined. If the moneyness of the
call option fell outside the range,

erT—.70~/7‘ <S/X = erT+.70\/7’ (6)

% The 8,632 deletions are in addition to the transactions lost in the first trading day of the sample
period, January 2, 1986.
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where X is the exercise price of the call, r is the riskless rate of interest, and T
is the time to expiration of the option, the transaction was eliminated from the
sample.”

The three lower price bounds as well as the moneyness criterion served to
reduce the sample size by another 118,419 transactions (or 10.8 percent of the
original sample size). Table I contains a summary of the characteristics of the
950,346 call option transactions that remain in the sample after the exclusionary
criteria are applied. The first set of three columns contain a summary of those
transactions by option time to expiration, and the second set of three columns
contain a transaction summary by the moneyness of the option.

Short-term call options are by far the most actively traded. More than 67
percent of the total sample transactions and 71 percent of the contracts traded
are for call options with less than three months to expiration. The fact that the
proportion is higher for contracts traded than for number of transactions indi-
cates that the order quantities are larger for short-term option transactions.

Similarly, slightly out-of-the-money call options have greater trading activity
than the other moneyness categories. The category where stock price (S) ranges
from 2.5 percent below the exercise price (X) to the exercise price accounts for
17.6 percent of the total number of transactions and 18.3 percent of the total
number of contracts traded. Overall, out-of-the-money calls tend to be more
active than in-the-money options, with the proportions of trading activity being
approximately 57 and 43, respectively.

B. Parameter Estimation

As was noted earlier, the stock’s return volatility is estimated by regressing
observed call option prices (C;’s) on model prices (C;’s) across all option trans-
actions on a particular stock in a given day (n),® that is,

Cj = CAj(o') + Uj, ] = 1’ e, n, (7)

where u; is a random disturbance. Only options with a common time to expiration
are used in the regression, so several maturity-specific estimates of the stock’s
volatility are obtained each day.

The maturity-specific estimates of volatility are then used to compute implied
stock price changes on the following day. Each call option transaction price is
translated into an implied stock price by inverting the option pricing formula.
The assumptions imbedded in this two-step procedure (implied volatility esti-
mation on one day followed by implied stock price estimation on the next) are
that (a) the option pricing model is correctly specified, and (b) the volatility rate
of the underlying stock is stationary. However, neither of these two assumptions
is strictly necessary.

7 This range of option moneyness is derived from the assumptions of the Black-Scholes model and
risk-neutrality. If the current stock price equals the exercise price of the option, there is a 95 percent
chance that the moneyness of the option will be within the range at the option’s expiration. The
value “.70” represents two times the standard deviation of return of a typical stock on the NYSE
(assumed to be .35).

8 See Whaley (1982) for details of the nonlinear regression procedure.
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First, with respect to the correct model specification, the only assumption
necessary is that the ratio of the option price to the stock price has a one-to-one
mapping with the variance rate of the underlying stock. The option pricing
formula is used on the first day to estimate volatility conditional on the call and
stock prices and then is used on the next day to estimate the stock price
conditional on the call price and the previous day’s volatility estimate. As long
as the same function is being applied on both days, implied stock price changes
are accurate estimators of actual stock price changes.®

Second, the assumption that volatility is stationary is not strictly necessary
either. For example, if the true volatility is not stationary on the day in which
volatility is estimated, the least squares estimate represents an “average” volatil-
ity for the day. If the estimate is higher than the true volatility when the implied
stock prices are computed on the following day, the implied stock price changes
are smaller than the true changes; and, if the volatility estimate is lower than
the true volatility, the implied stock price changes are larger than the true
changes. Since the error in the volatility rate is unpredictable, the implied stock
price changes §, are unbiased but noisy estimates of the true stock price changes.
This measurement error is contained in the dependent variable of the regression
model (5) and causes the error variance in the regression to be higher than
normal. The estimated parameters of the regression, however, remain unbiased
and consistent.

Another type of error in the implied stock price is introduced if true volatility
is not stationary during the day in which implied stock prices are computed.
Suppose, for example, that the previous day’s volatility estimate is 0.25 and that
true volatility on the following morning when the market opens is exactly at that
level. At the beginning of the day, the implied stock prices are accurate estimates
of the actual stock prices. Now, suppose that at 10:00 AM the true volatility
increases unexpectedly to a level of 0.30. Since call price is an increasing function
of the volatility rate, the call option should increase in value due to the increased
volatility. However, the call price is also an increasing function of the stock price,
and the increased volatility will likely cause the stock price to fall. The net effect
is that call price change may be positive, negative or zero. In other words, a
sudden increase (decrease) in volatility during the trading day will cause a
decrease (increase) in the actual stock price but will have no predictable effect
on the implied stock price change. Since the error is again being captured in the
dependent variable in the regression model (5), the properties of the regression
parameters are unaffected.

II1. Price Change Series and the Bid-Ask Spread

The prices reported on the CBOE and Fitch files are transaction prices. In order
to carry out the multiple time series tests in the next section, however, price

?Some error is introduced as a result of Jensen’s inequality. Furthermore, empirical evidence
suggests that the American call option pricing formula systematically misprices CBOE call options
(see, for example, Whaley (1982)), where the mispricings are related to the degree of moneyness of
the option, the option’s time to expiration, and the riskless rate of interest. To the extent that the
stock price, the time to expiration, and the interest rate change from the day the implied volatility is
estimated to the following day when the implied stock prices are estimated using the previous day’s
volatility, measurement error is introduced in the implied stock price changes. The net effect of these
errors is probably small and is difficult to predict.
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changes must be defined over time intervals of a fixed length. Choosing an
appropriate interval length is an important consideration. If the interval is too
short and the frequency of trading is low, many zero price changes will be
recorded, thereby inducing an errors-in-the-variables problem. On the other hand,
if the interval is too long, precision in identifying the length of the lead/lag
structure is undermined. To eliminate options with inactive markets, all options
with fewer than 144 transactions in a given day were eliminated. Then, after
investigating the frequency of active option transactions, a five-minute time
interval was chosen.

The active option (more than 144 transactions in a given day) sample contains
178,217 transactions, with 2,502,334 contracts traded. Forty-three firms are
represented during the 60-day sample period. Some firms had more than one
active option in a given day, so the final sample contains 364 firm days (a day in
which a firm had at least one active option) and 726 option contract days (a day
in which an option was active). Specific details of the sample of firms and their
option transactions are contained in Appendix B.

The time to expiration and moneyness attributes of the active option sample
are reported in Table II and are somewhat different than the attributes reported
for the overall sample in Table I. For example, comparing Table II to Table I
shows that the active options tend to have shorter times to expiration. Where
only 24.5 percent of total call option transactions had times to expiration of less
than one month, 48.9 percent of the active option transactions have times to
expiration of less than one month. Along the same line, over 32 percent of the
transactions of the options in the overall sample have times to expiration in
excess of three months, while less than nine percent of the active option
subsample has. Active options also tend to be at-the-money options. While about
33 percent of the total number of transactions in the overall sample are for at-
the-money options (i.e., —.025 = m < .025, where m = S/X — 1), more than 53
percent of the total transactions in the active option subsample are for at-the-
money options. Less than three percent of total transactions in the active option
subsample are more than ten percent in- or out-of-the-money. In summary, active
options are predominantly short-term and at-the-money.

The option transactions in each of the 726 “option contract days” were then
used to create 726 five-minute implied stock price change series. A time grid
beginning at 8:35 AM (CST) and proceeding through the trading day by five-
minute increments was defined. The option transaction file was then scanned to
find the last option transaction price before 8:35 AM, and it was earmarked as
the 8:35 AM option price. The file was then scanned to identify the last
transaction before 8:40 AM, 8:45 AM, and so on through 3:00 PM.X If no
transaction took place during a particular five-minute interval other than at the
beginning of the day, the previous period’s price (i.e., the last transaction price)
was used. The price series begins each day when a transaction is finally observed
within a five-minute interval (e.g., if the first option transaction was at 8:36 AM,
the first price recorded for the day was at 8:40 AM). In this way, some option

10 Recall that the New York Stock Exchange closes at 3:00 PM (CST), while the CBOE stock
option market remains open ten minutes later (until 3:10 PM). Since both stock and option prices
are needed to estimate the temporal relation between the markets, the last ten minutes of trading in
the option market is ignored.
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contract series had fewer than the maximum number of 78 observations. In fact,
the average number of price observations each option contract day is 75.20.
Because the option transaction records contain the latest stock price preceding
the option transaction, 726 stock price series were also obtained. These stock
price series are referred to as the “CBOE stock price data.”

The Fitch stock price file was, likewise, used to generate the five-minute price
series for the stocks underlying the options. Only 364 stock price series (“firm
days”) are obtained because some firms had multiple options traded in a given
day. (See Appendix B). Since the stock price fit into the time grid is not dependent
on the time of the last option transaction, a firm can have only one stock price
series per day. These stock price series are referred to as “Fitch stock price data.”

Earlier, the active option sample was identified by eliminating options with
fewer than 144 transactions on a given day. Such a constraint does not ensure
that at least one transaction takes place in each five-minute interval during the
trading day. The 726 option contract days produced 53,872 five-minute intervals.
Of these, 80.3 percent contained at least one option transaction. The remaining
19.7 percent were intervals with no transactions. Of the five-minute intervals
with no transactions, about 70.9 percent were situations where the number of
consecutive intervals without a transaction was one, and about 18.8 percent were
situations where the number of consecutive intervals without a transaction was
two. The remaining 11.3 percent had three or more consecutive zero transaction
intervals. The 364 firm days produced 27,159 five-minute intervals. Of these,
more than 93.9 percent had at least one transaction. Of the intervals with no
transactions, about 76.6 percent were situations where the number of consecutive
zero transactions was one, about 14.1 percent were where the number was two,
and about 9.1 percent were where the number was three or more. On the basis of
these results, it seems fair to conclude that the active option sample includes
options and stocks that trade fairly continuously throughout the day. Therefore,
the errors-in-the-variables problem created by zero price changes during the non-
trading intervals is small.

A. Serial Correlation in Stock Price Changes

Before examining the temporal relation between the implied and the actual
stock price change series, the issue of determining the effects of the bid/ask
spread in both the option and stock markets has to be addressed. Roll (1984)
shows that in an informationally efficient market with at least one transaction
in each interval of time successive price changes will have negative first-order
serial covariance due to the random movement between bid and ask price levels.!!
The magnitude of the first-order serial covariance, he argues, is an implicit
measure of the bid/ask spread. While Roll’s empirical results using daily data
are mixed (i.e., some firms have positive serial covariance in daily returns), his
arguments are critically important here in the sense that a five-minute time

! Roll’s assumptions are much stronger than necessary to show negative first-order serial covari-
ance in price changes. Papers by Glosten (1987), Choi, Salandro and Shastri (1988) and Stoll (1989)
develop models with weaker assumptions and find that the negative first-order serial covariance
remains. For a comprehensive review of this work, see Harris (1989).
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Table III

Average of Estimated Serial Correlation
Coefficients of Actual and Implied Stock Price
Changes (Innovations) during the Period from

January 3, 1986 through March 31, 1986

The five-minute stock price change series used to compute the serial
correlation coefficients from the Fitch transaction data file and the
active CBOE call option data file. Using the Fitch data file, an
intraday stock price change series was generated for each of the 364
firm days when option contracts traded. Using the active CBOE
call option sample, an intraday implied stock price change series
was generated for each of the 726 option contract days. Note that
there are more option contract days than firm days because some
firms had multiple active call option contracts trading on a partic-
ular day, and each option price series implies a different stock price
series. The serial correlation coefficients are computed from actual
(implied) stock prices and from innovations in actual (implied)
stock price changes. The innovations for the actual (implied) stock
price change series are the residuals from an MA(1) model fitted to
the five-minute actual (implied) stock price changes during each

trading day.
Fitch Stock Price Data Implied Stock Price Data
(n = 364) (n = 726)
Stock Price  Stock Price Stock Price Stock Price
Lag Changes Innovations Changes Innovations
k Pr Pr Pr Pr

1 -0.091 - 0.008 —0.225 0.008
2 —0.018 —0.015 —0.025 —0.019
3 —0.025 —0.028 —0.008 —0.013
4 —0.016 —0.018 —0.005 —0.008
5 0.005 0.000 —0.002 —0.007
6 —0.001 —0.001 —0.008 —0.013
7 -0.010 —0.013 —0.005 —0.009
8 —0.006 —-0.010 0.002 —0.005
9 —0.011 —0.014 —0.007 —0.012
10 —0.001 —0.005 0.004 —0.005
11 —0.006 —-0.010 —0.009 —0.014
12 —0.011 —0.012 —0.004 —0.013

interval is used. In fact, over such a short interval of time, the bid/ask spread is
likely to be the dominant part on any price movement observed.

To test for the bid/ask spread effect, serial correlations of price changes were
computed for the 364 stock price change series and the 726 implied stock price
change series.'? The average serial correlations are reported in Table III. The
Fitch stock price data produced an average first-order serial correlation of —0.091,
with the higher order lags being not meaningfully different from zero. This is
precisely the autocorrelation function implied by the models of Roll (1984),

'2 Serial correlation rather than serial covariance is used here to enable the results to be aggregated
across stocks and options.
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Glosten (1987), Choi, Salandro and Shastri (1988) and Stoll (1989). Likewise,
the average first-order serial correlation of the implied stock price change series
is —0.225, with the higher order serial correlations near zero. The higher magni-
tude of the first-order correlation of the implied stock price change series reflects
the fact that the bid/ask spread in the option market is a higher percentage of
price than in the stock market.*

Unpurged, the noise in the raw price change series due to the bid/ask spread
will tend to reduce the degree of association between the price changes for the
stock and option markets. To remove the bid/ask price effect, it is useful to note
that negative first-order serial covariance implies that the observed price change
series can be modeled using a moving average process of order one [i.e., MA(1)],
that is,

st=p+e — e, (€]

where s is the observed price change process under consideration, u is the mean
of the observed price changes, and e; is a random disturbance. Such a process has
an autocorrelation function of

—6,
k=1
9 ’
pk={1+"1 (8a)
0 , kR>1,

exactly the behavior noted for the actual and implied stock price changes in
Table III. The innovations from the MA(1) process (i.e., the ¢’s) should be
serially uncorrelated and purged of the bid/ask effect.

An MA(1) model was fitted to each of the 364 stock price change series and to
each of the 726 implied stock price change series. Because the model is fitted to
each series each day, not only is the effect of the bid/ask spread removed but so
is the effect of the differential bid/ask spreads across stocks and options. The
average value of 6, for the stock price changes is 0.1104, and the average value
for the implied stock price changes is 0.2905. The larger coefficient of the implied
changes again reflects the higher bid/ask spread in the option market. The
innovations (residuals) from each of the fitted MA(1) processes were recorded
and then examined. As Table III shows, after the effects of the MA(1) process
are removed from the price change series, practically no serial correlation remains
at any lag. These results indicate that the MA(1) process implied by the bid/ask
spread models discussed earlier in this section adequately describe the observed
structure of five-minute price changes.'* The conclusions about the temporal
relation between the stock and option markets in the next section are based
primarily on the regression results using price change innovation series.

13 Suppose the bid/ask spread for the stock and the option are both 1/8th. While successive price
changes for the stock will reflect the amount of spread, successive stock price changes implied by the
option will reflect the spread of 1/8th divided by the delta value of the option.

4 Hasbrouck and Ho (1987) posit that the intraday price changes will have both a moving average
component due to transaction costs and an autoregressive component due to price adjustment delays.
However, the autocorrelation functions for the raw stock price changes and for the stock price change
innovations in Table III show no evidence of an autoregressive component.
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B. Appropriateness of Stock Price Change Series

As was noted earlier, two stock price series are available: (a) the CBOE stock
price data containing the stock price at the time of the last transaction before
the option transaction and (b) the Fitch stock price data containing the stock
price at the most recent transaction before the end of the grid interval. If the
frequency of trading for the option is the same as the stock, source (b) is preferred.
Sometimes the option transaction would be closest to the end time of the grid
interval and sometimes the stock price would be. On average, because of equal
frequency of trading, the option and stock transactions would be at the same
time. Choosing source (a) implies that the stock price is a stale indicator of true
stock value at the end of the interval and would tend to bias the results in favor
of finding option price changes leading stock price changes.

Source (b), however, is not always preferred. If the stock market is more active
than the option market, source (a) may be preferred if it would ensure that the
time of the stock transaction is closer to, albeit before, the time of the option
transaction. In the data sets used, the median time between the last transaction
on Fitch and the end time of the five-minute interval is 30 seconds, while the
median time for the last option transaction is 99 seconds. Thus, under source
(a), the stock transaction takes place about 30 seconds before the option trans-
action, while under source (b) the stock transaction takes place about 69 seconds
after. Clearly (a) provides greater simultaneity.

One further complication may arise in the selection of the stock price series
(a) or (b). Suppose, for example, that a recording delay exists in the option
market but not in the stock market, that is, a transaction takes place in the
option market but does not get recorded until m minutes later. When the option
transaction is finally recorded, the last transaction price of the stock is also
recorded. If the delay has been significant, the stock transaction price recorded
on the CBOE file may well be after the option transaction. Under this scenario,
source (a) remains the preferred strategy. Choosing (b) would serve only to
increase the time between the option and stock transactions.’®

IV. Multiple Time Series Analysis of Price Changes

With the price change series purged of bid/ask price effects, multiple time series
analysis was performed to deduce the temporal relation between the stock and
option markets. The price change series for each day are pooled, carefully
excluding overnight price changes. The multiple time series model estimated is

6
Q¥ =a+. Y Bust-rt e, 9)
=6

where s? and 39 are the observed actual and implied stock price changes,
respectively.’® The choice of the number of lead/lag regressors was arbitrary. Six

% Delays in recording stock and option transactions do not appear to be significant. Stoll and
Whaley (1988, p. 17) report that the time delay in recording stock transactions on the NYSE is less
than two minutes. Cox and Rubinstein (1985, p. 84) report that option trades are recorded within
one minute of the time of trade.

16 The structure of this regression model is in the spirit of Sims (1972).
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regressors (one-half hour of trading time) on each side of the contemporaneous
price changes was thought to be generous. The inclusion of irrelevant explanatory
variables with such a large sample size does not impose a significant loss in
degrees of freedom. The number of observations, 45,160, reflects the total 53,872
stock price changes less then 746 X 12 observations lost each day due to the lead
and lag regressors.

Four regressions are performed on the pooled data: (a) Implied stock price
changes are regressed on lead, contemporaneous, and lag stock price changes
created from the Fitch data file; (b) Implied stock price innovations are regressed
on lead, contemporaneous, and lag stock price innovations created from the Fitch
data file; (c) Implied stock price changes are regressed on lead, contemporaneous,
and lag stock price changes created from the CBOE data file; and (d) Implied
stock price innovations are regressed on lead, contemporaneous, and lag stock
price innovations created from the CBOE data file. Both actual price changes
and price change innovations are used to guage how departures from the bid/ask
price effect MA(1) model may affect the results. Both Fitch and CBOE stock
price data are used to deduce reporting delays. The regression results are reported
in Table IV.

Many interesting phenomena are shown in Table IV, the most important of
which is the pronounced leading effect of stock market price changes. In all four
sets of regression results, the coefficients of the lagged stock price changes k =
1,. .-, 6, are larger and more significant than the lead coefficents k = —1,. - -, —6.
The stock market appears to lead the option market by fifteen to twenty minutes
on average, independent of which price change series is used to evaluate the
relation. The regression results using the CBOE stock price innovations (the last
pair of columns in Table IV), for example, show that the lagged coefficients
exceed 0.05 until lag five (i.e., lags one through four have coefficient estimates of
0.3261, 0.1769, 0.1055 and 0.0645, respectively). A modest amount of feedback
from the option market is also indicated by the positive, albeit small, lead one
coefficient.!”

A second observation worthy of note is that modeling the univariate time series
behaviors of the implied and actual stock price changes as MA(1) processes and
then investigating the time series relations between the implied and actual stock
price innovations more clearly defines the temporal relation between markets.
Contrast the stock price change/stock price change innovation results for the
CBOE stock price data in Table IV. First, the coefficients of the lagged variables
are larger and more significant. The lag one coefficient, for example, is 0.2226
using stock price changes and is 0.3261 using stock price change innovations.
Second, the R? value is higher in the regression using price change innovations
than the one using price changes. Together these results indicate that using the
MA(1) model has successfully purged at least some of the bid/ask price effect
from the price change series. The regression results using raw stock price changes
are obviously contaminated by errors-in-the-variables introduced by random
movements from bid to ask (and vice versa) prices over the five-minute inter-

" Based on the weak predictive power that the option market has on the stock market, it is not
surprising that Bhattacharya found that a stock trading strategy based on option prices fails to
generate trading profits after transaction costs.



The Journal of Finance

206

*A[9AT)0adSAI ‘g ¢+ - - ‘g— = ¥ ‘) =g pue (0 = © Yy saseyjodAY [[NU Y3 I0F SOTIBI-2 A, .

€8'T GETI0°0 86°0— 1800°0— i L6300 980 9900°0 °g
97 %8600 ¥2°0 02000 oq’L $090°0 86°C 86500 g
96’8 S%90°0 Ly'e L8300 696 L¥90°0 663 0€20°0 vy
8G'71T §90T°0 829 %S00 €023 S6¥1°0 SYIT 9880°0 )
444 69LT°0 9IT'1l 8260°0 0%'8% SI6T°0 $9°91 €02T°0 g
50°s¥ 193¢0 GL°9% 92350 68 %Y G10€°0 0Lee 9L8%°0 g
62’19 8LEV'O 6L°39 14540 LG63 0¥61°0 €1°9% 8681°0 °g
108 L9500 616 S¥L0°0 06'g 06€0°0 0.9 ¥090°0 g
eT'T 0800°0 LT'G SLT00 16'5— 0610°0— L8'T— 6€10°0— =g
0¥%°0 82000 19T 12100 (444 89100 ¥9'C 96100 i)
100 00000 LOT G800°0 €e'0 12000 00T ¥L00°0 g
Ge'c— %910°0— 86'C— G€20°0— %%°0— $100°0— 69°0 15000 g
50T 0L00°0 €6'T %8100 68'1— %310°0— 08°0— 6300°0— )
oLo 6000°0 69°0— 6000°0— eT'T ST00°0 10°0— 0000°0 ©
82310 €6L0°0 63280°0 6€¥0°0 74

16210 98L0°0 1€80°0 S¥¥0°0 iz

091°c¥y 091°Gy 091's¥ 091°G¥y '$q0 J0 'ON

LO1BI-7 arewysy O19BI-7 jewISy O19BI-7 ayewysy LO1BI-] ajeurysy Iajowrerey

Iaeurered Iajourered Iajourered Iajeweleq
suorjeAOUU] suoryeAOUU]

saduey)) 9011d Y0018 seuey)) 9d11g 0018

a3uey)) 901 ¥0018 a8uey)) 9duJ ¥o0Ig

Bje( g }2033 HOHD B1R( 901J JO035 Yoy
‘papnour jou are sagueyd 90td Jydruiaa() ‘polred ajdures Aep uiper} L1x1s a3 Sunnp sseuIas adueyd 9011d AepeIjul ‘GInuUTUL
-9A SuIsn pejewWIse ST [powr UNIssardel oy ], ‘Aep Suiper) yoes Suunp sefueyd 9oud ¥209s (por[dWl) [BNJOB 9NUIW-9AY 9] 0}
Pe131J [9pou (T)VIAl Ue WIOXJ S[PNPISal 87} 9 Sal1es agueyd 9011d J003s (parjduir) [enjoe ayj I0J suoneaouul oy J, ‘[opouwt Surourd
uondo [[eo UeouWY oY) Sulsn seouid Y003s par[dull 0] POUIOJSURI} 918 [BAISIUI NUIWI-IAY 89U} JO PUd 9y} je pue Suruuidaq
a3 e seoud [[e) suonpdo [[8d HCH) 2A10e Jo saotid a8y} Aq parjduut seotad ¥003s 93 Ul segueyd aie sedueyd 9d11d y003s perjdu]

R (CLER

9861 ‘1€ YoIey ysSnoayl 9861 ‘€ AIenuef wWoly poridd 9yl Surinp (suorjeaouuy) sasuey)
991X Y0018 9INUIIA-0AL] [eN)OY pPed] pue ‘snooueioduwajuo) ‘3e | uo (suolyeaouuy)
saguey)) 9911 d Y201 IINUI-9AT] pol[dui] JO SUOISSIIFIY WO Sd)BWI)SH Jojomered

Al 21qeL



Intraday Price Change and Trading Volume Relations 207

vals—the coefficient and the multiple correlation estimates are lower. Nonethe-
less, both the raw price change results and the results using the price change
innovations from the MA (1) process imply that the stock market leads the option
market by as much as twenty minutes.

In the last section of the paper, the appropriateness of the competing sources
of stock price change information was discussed. Contrasting the regression
results using the Fitch stock price data with those of the CBOE stock price data
provides another way to see the effect of the greater frequency of stock transac-
tions vis-a-vis individual option series transactions. Since the stock transaction
is closer on average to the end of the five-minutes than is the option transaction,
much of what should appear as a contemporaneous relation appears as a lag one
relation if the Fitch stock price data is used. In the Fitch results, the lag one
coefficient in the innovation results, 0.3012, is, in fact, greater than the contem-
poraneous coefficient, 0.1940. The CBOE stock price changes, on the other hand,
are paired more closely in time, and the regression results reveal the strongest
association at the contemporaneous level, 0.4378, followed by lag one, 0.3261.
The innovation results using the CBOE stock price data are used as a benchmark
in the stratification results to follow because they present the most conservative
view of the leading effect of the stock market.”®* However, regardless of the series
chosen, the coefficients for at least lags one through four are strongly positive,
implying that the price changes in the stock market lead the active call option
market by as much as twenty minutes.

In view of the Manaster and Rendleman and Bhattacharya studies, these
results are surprising. While both of the previous studies indicate that the option
market leads the stock market, the evidence reported here supports the opposite
view. The lack of intraday trading profits reported in Bhattacharya’s simulations
are expected given the weak predictive power option price changes have on stock
price changes. If Bhattacharya had reversed his strategy, positive trading profits
after transaction costs may have appeared.

A. Intraday Trading Patterns

The evidence to this point clearly shows that price changes in the stock market
tend to lead those in the option market. One possible explanation for this result
is abnormal intraday trading patterns in the stock and option markets. To check
this possibility, the proportion of total daily trading volume accounted for in
each five-minute interval was computed for each stock and for each option. The
proportions were then averaged across the 364 firm days for the stocks and the
726 option contract days for the options. The results are summarized in Figure
1.

In Figure 1, the solid line represents the average proportion of the total daily
trading volume in each five-minute interval during the firm days, and the dashed
line represents the average proportion of daily trading volume for the call options
across the 726 option contract days. The trading volume patterns displayed in

18 The stratification tests were also performed using raw price changes, and the inferences are
qualitatively similar. The results are available from the authors upon request.
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Figure 1. Average proportion of trading daily trading volume of active CBOE call
options (more than 144 transactions in a day) and their underlying stocks by each five-
minute interval during the trading day during the sixty trading day period from January
3, 1986 through March 31, 1986. The proportion of total daily trading volume accounted for in
each five-minute interval is computed for each stock and for each option. The proportions are then
averaged across the 364 firm days for the stocks and the 726 option contract days for the options.

Figure 1 are extremely interesting. Note, first, the familiar U-shape to the trading
volume of the stocks. At the open, trading volume is highest. The volume then
subsides through the day and increases near the close, albeit not to the level of
activity that occurred at the open. The sharp decrease in volume at the end of
the day is when the stock market closed at 3:00 PM (CST).

The trading volume pattern of options is distinctly different than for the
underlying stocks. In general, trading volume is low at the opening and increases
quickly to a peak at about 45 minutes into the trading day.™ It then falls off, like
the stock market trading volume, but not as quickly or by as much. At the close,
option trading volume increases to a level almost as high as at the beginning of
the day.

19 Part of the delay in the opening trade of the stock option is procedural. First, stock options do
not trade until the stock has opened. Second, when the first stock print appears at the option
exchange, the stock’s options go through opening rotation. In the rotation, the markets for the stock’s
options are opened one at a time beginning with the shortest maturity, lowest exercise price call
option and proceeding upward through the range of exercise prices and chronologically through the
more distant maturities. When all of the call option markets have been opened, the rotation procedure
is then applied to the markets for the stock’s put options.



Intraday Price Change and Trading Volume Relations 209

In light of the differential intraday trading patterns, it seems sensible to
reexamine the regression results. It is possible, for example, that the fifteen-to-
twenty minute “average” stock market lead that is documented in Table IV is
driven by the forty-five minute lead in trading activity at the beginning of the
day, with the price changes in the two markets being approximately simultaneous
through the remainder of the day. To test for this possibility, the regression was
performed dropping the first hour of price changes (i.e., the first twelve five-
minute price changes) each day. The regression results are reported in Table V.

First, note that the sample size drops to 36,448. This reflects the twelve
observations that are lost in each of the 726 option contract days or a total
observation loss of 8,712. Second, note that the regression results dropping the
first hour of trading are virtually identical to those for the overall sample. The
contemporaneous coefficient estimate for the sample excluding the first hour of
trading is 0.4288 as compared with 0.4378 for the full active call option sample.
The number of meaningful lag coefficients continues to be at least four, and the
proportion of total variation in the implied stock price change innovations
explained by the regression remains at approximately the same level. Clearly, it
is not the abnormal trading volume patterns at the beginning of the day that is
driving the leading effect of the stock market.

B. Information Effects

With option contracts providing traders with low-cost, highly-leveraged meth-
ods of investing in the stocks of firms and with option markets being highly
liquid, it is surprising that the overall results indicate that option price changes
do not lead stock price changes. One possible explanation is that option market
trading is predominantly due to return/risk management motives rather than
individuals acting on new information. To detect whether differential lead/lag
effects exist where the motivation for the trade differs (return/risk management
versus new information), the sample of 726 option contract days was divided in
half according to the average daily delta value of the option. All options should
have the same risk-adjusted rate of return on a before-transaction-cost basis. If
information traders use options to react quickly to and profit from new infor-
mation disseminating into the market, it is more likely that they use high delta
value options because high delta value options have the lowest percentage
transaction costs. Table VI contains the regression results for the stratified data.

Table VI shows that the temporal relations of the two groups of options are
different. High delta options have stronger contemporaneous relations and
weaker lagged relations between the stock and option markets than low delta
value options. This indicates that high delta option price movements are more
closely synchronized with stock price changes. On the other hand, the leading
effect of the stock market for the high delta value subsample continues to be
about twenty minutes in length (i.e., the lag four coefficient estimate is 0.0727),
although no lingering effect appears at higher lags as in the low delta value
results. Moreover, the lead one coefficient is only marginally greater for high
delta value options than for low delta value options, 0.0641 versus 0.0499.
Although there is a tighter relation between the price changes in the stock and



210 The Journal of Finance

Table V

Parameter Estimates from Regressions of
Implied Five-Minute Stock Price Change
Innovations on Lag, Contemporaneous, and
Lead Actual Five-Minute Stock Price Change
Innovations during the Period from January 3,
1986 through March 31, 1986
Stratification: Excluding First Hour of
Trading

S =a+ Y5 _sBustr + &

Implied stock price changes are changes in the stock prices implied
by the prices of active CBOE call options. Call prices at the
beginning and at the end of the five-minute interval are transformed
to implied stock prices using the American call option pricing model.
The innovations for the actual (implied) stock price change series
are the residuals from an MA(1) model fitted to the five-minute
actual (implied) stock price changes during each trading day. The
regression model is estimated using five-minute, intraday price
change series during the sixty trading day sample period. Overnight
price changes are not included. The overall sample contains the
price changes over five-minute intervals during all days of the
sample period. The subsample excludes the first twelve five-minute
price changes each day.

Overall Sample Excluding First
Hour
Parameter Parameter

Parameter Estimate t-ratio® Estimate t-ratio®
No. of Obs. 45,160 36,448

R? 0.1231 0.1263

R? 0.1228 0.1260

& 0.0009 0.72 0.0023 1.71
Bs 0.0070 1.02 0.0121 1.69
Bs —0.0162 -2.35 —0.0154 —2.14
Bs 0.0000 0.01 0.0072 0.98
B-s 0.0028 0.40 —0.0027 —0.37
Bz 0.0080 1.13 —0.0009 -0.12
B 0.0567 8.01 0.0415 5.49
B-o 0.4378 61.39 0.4288 56.07
B 0.3261 45.02 0.3276 41.97
Ba 0.1769 24.43 0.1698 21.60
Bs 0.1055 14.58 0.1122 14.11
Bs 0.0645 8.95 0.0726 9.09
Bs 0.0332 4.62 0.0326 405
Be 0.0132 1.83 0.0046 0.57

2 The t-ratios for the null hypotheses that « = 0 and 8,= 0, k =
-6, - - -, 6, respectively.
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Table VI

Parameter Estimates from Regressions of Implied Five-Minute Stock
Price Change Innovations on Lag, Contemporaneous, and Lead Actual
Five-Minute Stock Price Change Innovations during the Period from
January 3, 1986 through March 31, 1986
Stratification: Delta Value

E=a+ Y. bt t e

Implied stock price changes are changes in the stock prices implied by the prices of active CBOE call
options. Call prices at the beginning and at the end of the five-minute interval are transformed to
implied stock prices using the American call option pricing model. The innovations for the actual
(implied) stock price change series are the residuals from an MA(1) model fitted to the five-minute
actual (implied) stock price changes during each trading day. The regression model is estimated using
five-minute, intraday price change series during the sixty trading day sample period. Overnight price
changes are not included. The delta value of an option is the partial derivative of the option price
with respect to the stock price.

Overall Sample Sample Stratified by Delta Value of Option
Low Delta Value High Delta Value
Parameter Parameter Parameter

Parameter Estimate t-ratio® Estimate t-ratio® Estimate t-ratio®
No. of Obs. 45,160 22,561 22,599

R? 0.1231 0.0833 0.2018

R? 0.1228 0.0828 0.2013

a 0.0009 0.72 0.0007 0.36 0.0010 0.71
B-s 0.0070 1.02 0.0310 2.79 —0.0169 -2.11
B-s —0.0162 -2.35 —0.0392 —3.50 0.0077 0.96
B-s 0.0000 0.01 —0.0164 —1.44 0.0166 2.07
B-s 0.0028 0.40 —-0.0071 —0.62 0.0118 1.46
B2 0.0080 1.13 0.0198 1.71 —0.0056 —0.69
B 0.0567 8.01 0.0499 4.30 0.0641 7.86
Bo 0.4378 61.39 0.3622 31.01 0.5143 62.50
B 0.3261 45.02 0.3373 28.25 0.3186 38.36
B2 0.1769 24.43 0.2031 16.86 0.1514 18.40
Bs 0.1055 14.58 0.1397 11.58 0.0759 9.23
B4 0.0645 8.95 0.0542 4.51 0.0727 8.89
Bs 0.0332 4.62 0.0788 6.56 —0.0059 —0.72
Bs 0.0132 1.83 0.0239 1.99 0.0036 0.44

2 The t-ratios are for the null hypotheses that « = 0 and 8,= 0, k = —6, - - -, 6, respectively.

option markets for high delta value options, the length of the lead of the stock
market is not noticeably shorter than it is for other options and little evidence
of option price changes leading stock price changes appears.

Another proxy for information effects is the size of the rate of return of the
stock during the trading day. The intraday percentage rate of return for each of
the 364 firm days were computed using
Sclose - Sopen

’
S open

where Sopen (Sciose) are the opening (closing) stock prices. Presumably, if unanti-

Rs =100 X (10)
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cipated news about a particular firm reaches the market, stock prices will react
differently than expected. Here, expected return is defined as being the average
intraday return of the stocks across the 364 days of the sample. The distribution
of these returns was centered on a mean of 0.7986 percent and a median of 0.6115
percent.”® The bottom quartile contained intraday returns less than —0.7235
percent, and the upper quartile contained returns greater than 2.1430 percent.
The regression results using intraday return as a stratification variable are
contained in Table VII.

The results in Table VII show that the temporal relation between the price
changes in the stock and option markets is influenced by the magnitude of the
intraday stock return, albeit in an asymmetric way. Where returns are abnormally
low (Rs < —0.7235 percent) or normal (—0.7235 < Rs < 2.1430 percent), the
relations are virtually the same. However, where the stock return is abnormally
high (Rs > 2.1430 percent), the relation shows stronger contemporaneous asso-
ciation (i.e., B, is 0.6077 for the positive abnormal return sample versus 0.3507
and 0.3981 for the negative abnormal and normal return subsamples, respec-
tively).

The likely reason for the asymmetric behavior is that positive abnormal returns
are a by-product of “good news,” where buying a call option represents an
inexpensive, limited liability investment in the stock. On the other hand, if “bad
news” enters the market (as characterized by our sample of negative abnormal
return days), buying a put option rather than selling a call option represents the
most sensible investment. Since the sample contains only call options, it is not
surprising to see the temporal relation less strong for negative abnormal returns
vis-a-vis positive abnormal returns.

Even though a difference in the regression structure appears, however, good
news appears to have little effect either on the number of economically significant
lag coefficients or on the level of lead one coefficient. The number of significant
lags remains at four, with the lag four coefficient at a level of 0.0926. The lead
one coefficient for the positive abnormal return subsample, 0.0776, is only slightly
larger than that of the normal return subsample, 0.0562.%

In summary, the investigations of the price change behavior in the stock and
option markets indicates that the stock market clearly leads the option market.
For active call options traded on the CBOE during the first quarter of 1986, the
relation between five-minute price changes in the two markets is strongest at the
contemporaneous level but is also strong at lags one through four, implying that
the stock market leads by as much as twenty minutes.

V. Multiple Time Series Analysis of Trading Activity

To reinforce the price change findings, trading activity regressions were per-
formed. Option activity in each five-minute interval was regressed on stock

20 By contrast, the rate of price appreciation on the S&P 500 stock index was 14.0 percent over
the period January 2, 1986 through March 31, 1986, implying a mean daily return of 0.2333 percent.
21 Other stratification criteria were also used but failed to produce significant differences in the
results. The criteria included the option’s moneyness, its time to expiration, its elasticity with respect
to stock price, and its “vega” (partial derivative with respect to the standard deviation of the stock).
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market activity in the contemporaneous interval as well as six five-minute
intervals (30 minutes) on each side of the contemporaneous period,

Option Activity, = a + X5__ BrStock Activity,—, + v;. (11)

Option and stock market activity in each five-minute interval is measured in two
ways: (a) by the number of transactions and (b) by the number of option contracts
and shares traded. Since observations from different option contracts and differ-
ent firms are pooled in the regressions, it is necessary to standardize the trading
volume measures. This was done at the option contract level. Raw number of
transaction and trading volume figures were standardized by the mean and the
standard deviation of the figures for the particular contract on a given day.
(Recall that there are 726 option contract days in the sample.) The regression
results using the standardized trading activity values are reported in Table VIII,
both for the overall sample and for the sample excluding the first hour of trading
each day.

The trading activity results reinforce the price change results. In general, the
stock market tends to lead the option market, independently of whether number
of transactions or number of contracts traded is used as the metric. In fact, the
regression results using standardized number of transactions show that the lead
may be as much as five to ten minutes longer than in the price change results.
The Table VIII trading activity results are most directly comparable to the Fitch
stock price change results in Table IV because the Fitch file was used to gather
the stock market activity data. The innovation results for the Fitch stock price
data in Table IV show that lag coefficients one through five are important using
price change data. In contrast, the Table VIII results show that for the overall
sample lags one through six are important. Excluding the first hour of trading
each day tends to shorten the stock market lead slightly; however, there is no
indication that the option market leads the stock market. The overall conclusion
that the stock market leads the option market for active CBOE call options
seems well-founded.

VI. Summary and Conclusions

This study documents clearly that price changes in the stock market lead price
changes in the option market for active CBOE call options traded during the
first quarter of 1986. After adjusting for the effects of bid/ask spreads in the
stock and option markets, the lead in terms of price changes is shown to be about
fifteen to twenty minutes on average. After the number of transactions and
trading volume are standardized to remove scale differences, the trading activity
in the stock market is shown to lead that in the option market by an even longer
period of time. The evidence reported here calls into question previous work in
the area. The general consensus in the literature [e.g., Manaster and Rendleman
(1982), Bhattacharya (1987), and (1988)] is that the option market leads the
stock market both in terms of price changes and trading activity. Our results



215

Intraday Price Change and Trading Volume Relations

"[0A1308dSa1 ‘g ¢+ - - ‘9— =¥ Q0 =g pue ( = © JeYy’ SeseYI0dAY [[NU dY} I0J BI€ SOIIBI-7 O, ,

a0’ 9L30°0 L9'8 S1¥0°0 399 T9€0°0 ¥6°01 93900 °g
1€9 69€0°0 6€'6 39¥0°0 §9'8 £€870°0 0E° 1T 3950°0 °g
¥¢9 09€0°0 ¥1°6 §6¥0°0 01’8 §6v0°0 9¢°Tl 0L50°0 Kl
L86 1550°0 (48 9090°0 £€6°0T 01900 1848 92L0°0 )
IT¥1 ¥8L0°0 gg9t 0€80°0 7091 €880°0 19°LT €880°0 g
16°6T GL80°0 86°LT $060°0 781 110T°0 §9°02 6€01°0 g
LTI ¥90°0 8L°CT ¥¥90°0 jings G080°0 (484 39L0°0 °g
VLY 6960°0 99°¢ §830°0 9T’L 68€0°0 L8'L 96€0°0 g
Ly'e €100 SL'g 8810°0 907 02200 8% €¥¢0°0 g
€% 8¢10°0 96'¢ 67100 06¢ LST00 €0y 30200 &g
8€¢ 8¢10°0 (444 91100 89°C ¥¥10°0 LL€ 8810°0 g
991 8800°0 ¢0'c 00100 760 67000 39’1 08000 g
y0'1— €500°0— 090 62000 8¢'1T G900°0 06T 1600°0 g
L6°¢— 1020°0— 99T §L000 69— 1€10°0— (444 g810°0 °
§9€0°0 L1G0°0 8890°0 §860°0 24
69€0°0 61500 1690°0 L860°0 2
i 091°s7 8¥v‘9¢ 091°6¥ '$q0 Jo 'oON
LO01jRI-7 ajewsy LOneI-7 aewysy LOTel-7 _djewnsy LO1el-7 orewysy IojoweIed
Iajowered I9joweIRd IajoweIed IojomeIed
INOY 3IsI1] Sulpnoxy ojduwieg [reIsAQ INOH 3sIT Surpnoxy adweg [reisa()
pepei], $30BI13U0)) JO IoqUINN suoresueL], Jo IBqUINN

‘potrad ojdures Aep Surper) £1x1s oY) Suninp seandy £)1A130e Juipely ‘9nurux
-9AlJ 3UIsSn pajewI)sd SI [9pOUX UOIssaIdal oy ], ‘Aep SuIpel} YoB9 UIY}IM 9UO UOIIBIASD PIBPUB)S PUB 0ISZ UBSW 0} PIZIpPIBpUB)S
are saangyy £J1AT)oR SUIpRI) NUIW-0AY 93 ‘suolssarsar 9y} Surmiojiod aiojog °Aep 3uipell oy} SulInp [BAISIUI SINUIW-IATJ
yo®o Ul popel) (S9Ieys) $)OBIJU0D JO I9qUWINU 9Y)} PUB SUOIOBSURI) JO I9qUINU 9} a1k saIndyy A11A110R 19)IBW (}009s) uonpdo oy J,

‘a 4 1ANATOY 2018 ¥9 271X 4 0 = *ANanoy uondQ

9861 ‘I€ Y2Ie\ YSnoiy) 9861 ‘€ AIenuef woiy polidd oY}
Surinp £)1a130y Suiped], 19)Ie\ J001S pazipiepuels ped] pue ‘snosueioduidjuo) ‘se’] uo
£)ANOY Surped], (193 I8y uord( pozipiepuelS JO SUOISSII30)Y WO S9)BWI)SH Jojowered

IIIA °198L



216 The Journal of Finance

using more refined data and a more general methodology indicate that the
consensus may be wrong.

An unexpected by-product of this study is the documentation of intraday
trading patterns in the CBOE call option market. Where the NYSE stocks in
our sample have the familiar U-shaped pattern of trading activity by time of day,
the option market begins at a relatively low level of activity, rises to a maximum
activity about 45 minutes into the day, declines to a uniform level of activity
above the level of activity in the stock market during the trading day, and then
rises again at the close. Explaining the cause or causes of the differential trading
activity between these two, essentially redundant, markets seems to be a worth-
while area for future research.

Appendix A: Valuation of American Call Options on Stocks with Two
Known Dividends

This appendix contains the valuation formula for an American call option written
on a stock with two known dividends. The formula is an extension of the model
derived by Roll (1977).22 The assumptions underlying the model are those of
Black and Scholes (1973). The only qualification necessary is that the stock price
net of the present value of the escrowed dividends paid during the option’s life
follows the stochastic differential equation

dS*/8S* = udt + odz, (A1)
where

S, — Dye" 4™ — Dy for 0 < 7 < ty,
S* =<8, — Dye " for t; < 1 < ty,
S, fort, =7=<T,

and where D, and D, are the dividends per share paid at the ex-dividend instants,
t; and ¢, periods from now, respectively, and T is the time to expiration of the
option. In other words, although the stock price net of the present value of the
escrowed dividends S* follows a smooth process through time, the observed stock
price S drops by the amount of the dividend at each ex-dividend instant.?® In
(Al), u and ¢ are the mean and the standard deviation of the instantaneous rate
of return on the stock, and z is a Wiener process.

Before proceeding with a discussion of the valuation formula, note that under
certain conditions the American call option will not optimally be exercised prior
to expiration. These conditions are

D, < X[1 — e"7%)] (A2a)

and
Dy < X[1 — e, (A2b)
That is, if each cash dividend is less than the present value of the interest that
22 The single dividend version of the American call option pricing formula appears in Whaley

(1981).
2 Empirical support for this assumption may be found in Barone-Adesi and Whaley (1986).
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is earned implicitly by deferring exercise, the American call will not be exercised
early. If both conditions are satisfied, the price of an American call option is
determined by replacing the stock price parameter in the Black-Scholes model
with the stock price less the present value of the promised dividends, S* = S —
D,e™™ — Dye ™™, that is,

C(S, T; X) = 8* Ni(d) — Xe™'" Ni(dy), (A3)

where
d, = [In(S*/X) + <r + %az>T]/a~/—T_', dy =d, — oVT.

The valuation problem becomes slightly more complex if one of the conditions
(A2a) or (A2b) is violated. Early exercise is now a possibility, albeit just prior to
one of the two ex-dividend instants. The most likely case is where (A2a) is
satisfied but (A2b) is not.?* In this case, the appropriate valuation equation is

C(S, T; X) = S*[1 = Niy(—a,, —by; vit/T)]
—Xe"T[Ny(by)e" ™™™ + Nay(as, — by — Vi5/T)]
+ Dye™™ Ni(by), (A4)

where

a = [In(S*/X) + <r + %UZ’)T]/U\/T, a = a, —oVT,

b, = [In(S*/S;) + <r + % a2>t2]/a«/2;, b, = by —oVt,

and Ny(a, b; p) is the cumulative bivariate normal density function with upper
integral limits, @ and b, and correlation coefficient, p. S, is that second ex-
dividend stock price which satisfies

(S, T—ty X) =S, + D, — X. (A5)

Call option valuation where condition (A2a) is violated but (A2b) is not takes a
similar form.

If both conditions are violated, valuation becomes even more complex in the
sense that there are positive probabilities of early exercise just prior to each of
the two ex-dividend instants. The valuation equation for this American call
option is

C(S, T; X) = S*[1 — Ns(—ay, =by, —c1; Vto/ T, Vto/ T, Vt1/t5)]
—X[e™™ Ny(ca) + €7 Ny(bg, —co; —Vt1/5)
+ €T Ny(as, —bs, —co; — Vtr/ T, — Vto/ T, V1, /t)]
+ Dye " Ni(cy) + Dye "2 [Ni(co) + No(by, —co; — Vir/t2)],  (A6)

24 Quarterly dividends paid on a stock tend to be constant or slowly increasing cash amounts
through time. If D, = D,, it is obvious that condition (A2b) is more likely to be violated than condition
(A2a).
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where

a; = [In(S*/X) + (r + % az)T]/a«/—fl_‘, a; =a, — oJT,

bl = [ln(Sx/S;;) + (r + % 02>t2]/6\/g7 b2 = bl -0 tZy

Cp — 0O tl,

¢ = [In(S*/Si) + <r + % 02>t1]/0«/t_1, Co

and Ns(a, b, ¢; p12, p1s, pes) is the cumulative trivariate normal density function
with upper integral limits, a, b, and c, and correlation coefficients, p;. S;, and S;,
are the first and second ex-dividend stock prices which satisfy

C(S,, T—ty;X)=8,+D, - X (A7a)
and
C(S:, T -ty X) = S;, + D; — X. (ATDb)

Appendix B: Summary of Firms with CBOE Call Options Contained in
Sample during the Period from January 3, 1986 through March 31,

1986
Firm Number of Number of Number of Number of
Name Firm Days Option Days Transactions Contract Traded

1 BA 11 14 2,567 28,207
2 BAC 6 11 2,204 36,051
3 BAX 4 7 1,348 17,380
4 BMY 5 7 1,194 11,485
5 C 30 47 10,120 81,555
6 CBS 7 9 1,830 17,808
7 CCI 3 3 483 6,278
8 CI 1 1 170 2,220
9 CL 1 1 146 2,043
10 DOW 2 3 533 5,647
11 EK 33 70 15,344 212,835
12 F 8 9 1,541 18,040
13 FDX 2 2 377 3,308
14 GD 1 1 153 2,212
15 GE 6 6 975 10,841
16 GM 37 62 13,840 177,046
17 HM 5 8 1,603 26,495
18 HWP 9 9 1,557 25,088
19 IBM 60 293 91,799 1,346,648
20 ITT 14 16 2,849 47,108
21 INJ 15 18 3,750 44,682
22 KM 12 15 2,572 42,982
23 KO 3 3 513 4,382
24 LIT 7 9 1,687 16,588
25 MOB 8 11 2,058 42,611
26 MRK 1 1 146 1,166
27 NSM 3 3 478 6,522
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Appendix B—Continued

Firm Number of Number of Number of Number of
Name Firm Days Option Days Transactions Contract Traded
28 (0.4 4 4 715 15,339
29 PRD 1 1 145 1,497
30 PWJ 1 1 211 2,521
31 PZL 9 13 2,761 33,187
32 RCA 5 6 1,387 39,341
33 RJR 8 10 2,004 29,510
34 ROK 1 1 158 1,093
35 S 15 18 3,056 46,089
36 SY 3 3 483 9,248
37 T 2 2 309 9,010
38 TDY 1 1 153 737
39 TXN 1 2 359 3,138
40 UAL 1 1 152 1,582
41 WCI 16 22 4,168 67,046
42 WMT 1 1 172 3,096
43 XON 1 1 147 2,672
Total 364 726 178,217 2,502,334
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