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Abstract

This thesis uses option-implied dividends to investigate research questions in three different areas
of finance: the ex-dividend day drop and related option pricing errors; insider trading on superior
dividend knowledge; and analyst dividend forecast accuracy, incorporation of market information,

and market response to analyst revisions.

The first chapter investigates market expectations of the ex-dividend stock price decline implied
by American options. Using a much larger set of option transactions than previous studies, I find
the ex-dividend drop-o implied by option prices is significantly less than the cash dividend. The
second focus of this study analyses factors that affect option pricing errors such as thin trading, non-
synchronous trading, and lower dividend yields. I also find an increase in option pricing errors for

deep in-the-money, deep out-of-the-money, and put-call pairs that cross the bid-ask spread.

The second chapter investigates, using a measure of dividends surprise calculated by put-call
parity, whether analysts update their forecasts in response to new market information, and likewise,
whether the market updates dividend expectations in response to analyst forecast revisions. I find that
only superior analysts respond to changes in market information and that the market does not respond
to changes in either non-superior or superior analyst forecast revisions. I also compare the accuracy of
forecasts and determine the order of increasing forecast precision as non-superior individual analysts,

superior individual analysts, option-implied, and consensus analyst forecasts.

The final chapter investigates whether insiders trade on their superior knowledge of future changes
in dividend policy. I use the difference between the dividend implied by option transaction prices
before and after the announcement as a proxy for dividend surprise. I find that CEOs are more likely to
accumulate stock preceding an announcement for an expected increase in the cash dividend. Whereas,

Non-director executives and Other Officers and block-holders are more likely to accumulate stock for

il



il

an unexpected increase. Directors were less likely to accumulate stock for an unexpected increase
and [ attribute this to their presence on the firm board. I also find that Directors are more likely to
exercise their call options to acquire stock preceding an announcement for an expected increase in the
cash dividend. However, Directors and Other Officers and block-holders are less likely to exercise
their options for an unexpected increase in the cash dividend. The results are consistent with the

information hierarchy hypothesis.
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Introduction

1.1 Introduction

Given perfect capital markets and symmetric information, Miller and Modigliani (1961) show that
corporate payout policy is irrelevant. But in the presence of taxes, transaction costs, and asymmetric
information, manager choice matters and dividends have both direct cash flow and signalling effects
for firms and investors (Bhattacharya, [1979; Miller and Rock, |1985; John and Williams| |1985). Div-
idends are also important for stock valuation. Analysts forecast, and report to investors, future divi-
dends that are used by the analyst to forecast earnings, value the stock, and develop more profitable

buy-sell recommendations Barker| (1999)); |[Loh and Mian| (2006).

In this thesis, I use option-implied dividends to investigate research questions in three different
areas of finance: the ex-dividend day drop and related option pricing errors; insider trading on superior
dividend knowledge; and analyst dividend forecast accuracy, incorporation of market information, and

market response to analyst revisions.
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Past studies have also used the expected dividends implied by option prices to investigate mar-
ket phenomena. Barone-Adesi and Whaley (1986) calculate the maximum likelihood estimates for
dividend and volatility using an option pricing model. Using another method, Bae-Yoset and Sarig
(1992) calculate expected dividends using put-call parity. Due to the current availability of a large set
of intraday option and stock transaction prices, I use the methodology from the later paper. The ad-
vantage of providing an ex-ante estimate of the dividend is that it is not confounded by economy-wide
and firm-specific information releases that may affect the stock price returns surrounding the ex-day.
This allows a calculation of the market expectation of the dividend using an empirical instrument that

more closely measures the theoretical concept of the dividend surprise.

This chapter provides an introduction and overview to the following three chapters of my doctoral
thesis. The first chapter investigates the relative ex-dividend day decline implied by the prices of
American options. The second chapter examines whether insiders trade when they have superior
knowledge of changes in dividend policy that are not priced by the market. And the third chapter
studies the accuracy of analyst dividend forecasts and the effect of forecast revisions on the change in

dividends implied by options and vice-versa.

1.2 Chapter I overview

In this chapter, I investigate the ex-dividend stock price decline implied by option transaction prices.
Determining the extent of the ex-day price decline is important for security pricing and understanding
the portfolio decisions of investors. Previous studies estimate the price decline by observing the
change in price from the day before the ex-day to either the opening or closing price on the ex-day. I
modify an approach, developed by |Bae-Yosef and Sarig (1992)), that uses put-call parity to estimate
the expected dividend amount. The method I use in this chapter has the advantage of providing an ex-
ante estimate of the relative price decline. The only other study that has investigated the ex-day price
drop using options is Barone-Adesi and Whaley| (1986)). They do not find an ex-day price decline
that is significantly different from the amount of the dividend. I am able to re-examine this research
question using a substantially larger sample of option transaction data. The results are consistent with

an ex-dividend drop-off implied by option prices that is significantly less than the cash dividend.

The second purpose of this chapter is to investigate factors that contribute to option mispricing.
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Understanding factors that influence option pricing errors can help researchers and practitioners de-
velop sample filters that improve the accuracy of option prices used in implied volatility and risk
neutral probability models. I find an increase in pricing errors of the implied dividend with thin trad-
ing, non-synchronous trading, and lower dividend yields. I also find an increase in pricing errors for
deep in-the-money and deep out-of-the-money options and put-call pairs that are traded at opposing

bid and ask combinations.

1.3 Chapter II overview

The first chapter establishes a methodology for implying dividend expectations from option prices.
Changes in these expectations over time proxy for changes in the information available to the market
about the firm dividend policy. This chapter investigates the relationship between analyst dividend
forecasts and market expectations of dividends implied by option prices. My primary research ques-
tion is whether analysts update their forecasts in response to new market information, and likewise,
whether the market updates dividend expectations in response to analyst forecast revisions. Users
of analyst forecasts, such as investors, are interested in whether analysts, or a superior subset of an-
alysts, update their forecasts in response to new information. Market participants, such as option
traders, would also find it useful to know whether analyst dividend forecasts contain new information
that may affect market prices when announced. I answer this question by comparing individual ana-
lyst dividend forecasts with implied dividends from option prices as per the methodology in|Guerrero

(2017), which is an extension of Bae-Yosef and Sarig (1992).

The second focus of this chapter investigates whether option-implied, superior analysts, non-
superior, or consensus analysts provide more precise forecasts of firm dividends. Researchers can
better test dividend signalling theories, and value-relevancy of accounting measures, by calculating
a dividend surprise measure using a more precise forecast of market expectations of the dividend.
Analysts, investors, and industry can also calculate stock prices that are closer to fundamental value

when they use more precise dividend forecasts as inputs in their models.

The results show that dividends implied by option prices provide a more precise forecast of future
dividends than individual analyst and superior analyst forecasts but are not more accurate than the
mean consensus dividend forecast. Extending a concept in Baginski and Hassell (1990), that analysts

play a role in interpreting the quality of information produced by management revisions and other
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sources, | find evidence that superior analysts are more likely to update their dividend forecasts in
response to changes in the market information about the expected dividend. Non-superior analysts
are less likely to increase their forecasts in response to increases in the market expectations of the
dividend. The results indicate that analysts could use option-implied dividends to inform their own
dividend forecasts, increasing the accuracy of the dividend yield used as an input in their stock valu-
ation models. However, unlike previous studie{] that find a market response to earnings revisions, |

find no evidence for a option market response to analyst dividend forecast revisions.

1.4 Chapter III overview

This chapter applies the option-implied dividend methodology from the first chapter, to the question
of whether insiders trade stock or options using their superior knowledge, or control, of changes in

the amount of their firm’s dividend payments.

Past studies, such as |Oppenheimer and Dielman (1988), investigate insider trading prior to div-
idend cessation or resumption and find that insiders trade and earn abnormal returns based on their
superior knowledge of dividend changes. I extend the naive model, that assumes any change in divi-
dend is a surprise to the market, by using the market expectations of dividends implied by option and
stock prices. As per the methodology in the previous chapter, I use the dividends implied by Amer-
ican options prices as a proxy for market expectations of dividends. I then use these expectations
to calculate a dividend surprise and investigate whether there is abnormal insider trading preceding
these dividend surprises. I also test for evidence of the information hierarch or the alternative, the

scrutiny hypothesisﬂ

There are two advantages to my approach. First, past studies have included only firms that cease
or resume dividendﬂ however these firms are a very small subset of all dividend paying firms. Using
option-implied dividend changes I can include all dividend paying stocks with a liquid option market.
Second, we are interested in changes in the dividend amount that are unexpected by the market;
changes in the option-implied dividend provide a more accurate measure of dividend surprise than a

naive changef|

1(Gleason and Lee, 2003; [Park and Stice, [2000)
2Seyhun| (1986)

3Fidrmuc, Goergen, and Renneboog| (2006)
4Oppenheimer and Dielman| (1988)

9Bae-Yosef and Sarig|(1992)



1.4 CHAPTER III OVERVIEW 5

I find that CEOs are more likely to accumulate stock preceding an announcement for an expected
increase in the cash dividend. Whereas, Non-board Executives and Other Officers and Block-holders
are more likely to accumulate stock for an unexpected increase. Directors were less likely to accu-
mulate stock for an unexpected increase and I attribute this to their presence on the firm board. The

results are consistent with the scrutinary hypothesis of past studies such as Fidrmuc et al.| (2006).

I also find that CEOs and Other Officers and Block-holders are less likely to dispose of options
prior to an expected increase in dividends. Whereas, Directors are more likely to exercise their call
options preceding an announcement for an expected increase in the cash dividend. However, Direc-
tors and Other Officers and Block-holders are less likely to exercise their options for an unexpected
increase in the cash dividend. This result is consistent with the information hierarchy hypothesis put

forward by |Seyhun| (1986).

These findings will help firms develop appropriate corporate governance policies such as increas-
ing dividend policy transparency around announcement timing, as well as deciding when insiders
including non-directors are permitted to buy or sell stock in the company preceding a change in divi-

dends.



The Expected Ex-Dividend Stock Price Decline

Implied by Option and Stock Prices

2.1 Introduction

Since |Campbell and Beranek]| (1955) discovered an ex-dividend stock price decline of less than the
amount of the cash dividend, many studies have investigated this phenomenon. Various studies,
discussed in detail later, have proposed different explanations for this observation including tax clien-
teles, arbitrage, price discreteness and microstructure effects. In addition, estimating the ex-day price
decline from observed stock price returns is difficult due to confounding information effects, changes
in trading volume around the ex-day, and the effect of the bid-ask spread. Determining the extent of
the ex-day price decline is important for security pricing, and understanding the portfolio decisions of
investors. In addition, understanding factors that influence option pricing errors can help researchers

and practitioners develop sample filters that improve the accuracy of option prices used in implied
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volatility and risk neutral probability models.

I use an approach, developed by Bae-Yosef and Sarig (1992), that uses put-call parity of option
and stock transaction prices to estimate market expectations of the ex-dividend stock price decline.
Previous studies estimate the price decline by observing the change in price from the day before the
ex-day to either the opening or closing price on the ex-day. The method I use in this chapter has
the advantage of providing an ex-ante estimate of the relative price decline that is not confounded by
economy-wide and firm-specific information releases that may affect the stock price returns surround-
ing the ex-day. Barone-Adesi and Whaley| (1986) is the only previous study to use option transaction
prices to estimate the ex-dividend stock price decline. Their results are consistent with some prior
studies, and do not find an ex-day price decline that is significantly different from the amount of the
dividend. I am able to re-examine this research question using a substantially larger sample, of option

transaction data, than was available previously.

The results are consistent with an ex-dividend drop-off implied by option prices that is signif-
icantly less than the cash dividend. I also investigate factors that have an effect on option prices
and find an increase in pricing errors with thin trading, non-synchronous trading, and lower dividend
yields. I also find an increase in pricing errors for deep in-the-money and deep out-of-the-money

options and put-call pairs that are traded at opposing bid and ask combinations.

This chapter proceeds as follows. Section 2 contains a discussion of the theoretical and empirical
literature on the ex-day relative price decline. The section is divided into the various explanations
hypothesised for the decline. Section 3 outlines the method of estimating the relative ex-dividend
stock price decline from American option transaction prices, and the various tests used to test its
economic significance. Section 4 presents the results, analysis and discussion. Section 5 summarizes

the chapter and provides directions for future research.

2.2 Literature review

2.2.1 Estimations of the ex-day price decline

Early studies on the ex-day stock price decline observe prices surrounding the ex-day and provide de-

scriptive statistics on the extent of the decline for different types of stock distributions during different
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periods. Typically the measure is calculated as:

Sp —Sa

5 2.1)

where Sp is the stock price at the close of trading the day before the ex-day, and S4 is the stock price

at the opening or the close on the ex-day, depending on the paper.

The first study to analyse the ex-dividend drop off value is Campbell and Beranek| (1955). Using
399 observations from October 1949 and April 1950, and the last three months of 1953, they calculate
the arithmetic mean of drop-off percentages and find the average is approximately 90%. They raise
the prospect that the ex-dividend stock price decline should differ depending on the income tax rate

of the recipient of the dividend.

In contrast to the above study, Barker| (1959) uses stock-dividends, which, unlike cash-dividends,
are not taxed as ordinary income. He includes observations of stock-dividends of 5% or more, to
reduce the effect of one-eighth rounding of share prices imposed by the exchange, and observes 224
issues by NYSE-listed companies during the years 1951 to 1954. He finds the average market price
drop-off was 97.4% of the dilution price decline calculated based on the prior-day closing price; the
median was 100.0%. This result suggests that the average decline of less than the amount of the
dividend, as per Campbell and Beranek (1953)), is possibly due to the difference in taxation between

cash-dividends and stock-dividends.

Later studies, such as | Durand and May|(1960), further investigate the ex-day relative price decline
using different methodologies that attempt to remove confounding effects on the price movement
around the ex-day. Unlike prior studies that use a panel of stocks, they observe a single stock, AT&T,
for 45 consecutive dividends between 1948 and 1959. They use a time series analysis to attempt
to remove general market trends surrounding the ex-dividend date. Due to the time series nature
of the study, the paper measures the stock price decline from closing price the day before to the
closing price on the ex-day, as opposed the closing price to opening price measure used in Campbell
and Beranek| (1955). Despite variation of stock price decline, they find that the drop-off is on average
approximately equal to the dividend. These results do not support the decline of less than the dividend

amount from the results of (Campbell and Beranek! (1955) and prompted further research.
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2.2.2 Tax clientele effect

The presence of differential taxation between different types of stockholders may induce a tax clien-
tele effect. Miller and Modighani (1961) suggest that firms tend to attract a clientele of investors
who prefer its particular payout ratio. Investors with a lower income tax rate on dividends such as
corporations and pension funds may prefer higher yield stocks. Whereas, other investors with higher

income tax rates on dividend distributions prefer to own low yield stocks with higher capital growth.

In order to determine whether a tax clientele effect exists, it is necessary to know the tax rates of
marginal stockholders. Elton and Gruber| (1970) present a method for inferring the marginal stock-
holder tax rate using observed ex-dividend price changes. They show that, in the absence of transac-

tion costs, the ex-dividend stock price decline should accord with the following equation:

Sp—84 1—t,
D 1-t,

(2.2)

where Sp is the stock price just before the stock goes ex-dividend and S 4 is the stock price just after,
i, 1s the ordinary income tax rate and ¢, is the capital gains tax rate. From this equation I can see that
when the capital gains rate is less than the ordinary tax rate, the value of the decline should be less

than one.

They use the relationship in equation to estimate the marginal stockholder for NYSE-listed
stocks that paid a dividend between April 1966 and March 1967. They attempt to isolate the ex-day
price changes from the broader market by adjusting the price change by the change in the NYSE
index. They find that the relative decline is significantly less than the amount of the dividend at the

1% level, and that the average inferred marginal tax rate is 35.1%.

They also construct two variables to test Miller and Modigliani (1961)’s proposed clientele effect:
dividend yield and payout ratio. Using deciles of dividend yield, they find a negative relationship
between the dividend yield and the marginal tax bracket They also find that the implied stockholder
tax rate declines with an increase in the firm’s payout ratio decile Both these results support the
hypothesis that stockholders with higher marginal tax rates prefer lower current dividends and a higher

proportion of capital growth via a lower payout ratio.

As I noted earlier, Barker (1959)) use a method for revealing differences in the ex-day price decline

!Spearman rank correlation of 0.9152 and significant at the 1% level.
2Spearman rank correlation of 0.7939 and significant at the 1% level.
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due to taxation by observing stocks with different tax treatments on their distributions. Using this
approach, Eades, Hess, and Kim| (1984)) observe the ex-day returns around common stock taxable
distributions, preferred stock distributions, and non-taxable distributions. Their sample includes all
stock dividends of 5% or more issued on the NYSE from 1951 to 1954. They find the returns on stock
with taxable dividends are consistent with the hypothesis that dividend income is taxed at a higher
rate than capital gains. In contrast, the high yield preferred stock has a decline that is greater than the
amount of the dividend. This can occur when a marginal stockholder has a capital gains tax rate that
is greater than their income tax rate on dividends. This result supports the tax clientele hypothesis and
indicates that preferred stock are owned by corporations, which receive an 85% reduction on income
received as dividends. They also find that non-taxable cash distributions are priced as if investors
receive a tax rebate; possibly due to investor preference of non-taxable distributions over realising a

capital gain on the sale of the stock.

A recent study that investigates distributions that are subject to different taxation is Elton, Gru-
ber, and Blake| (2005). They examine dividends from closed-end funds with taxable and non-taxable
distributions. As both funds are subject to capital gains tax, the difference in price drop from distri-
butions is only due to taxation. They find that funds with non-taxable distributions decline by more
than the amount of the distribution; this is consistent with the tax hypothesis and does not support
the microstructure hypothesis discussed later. However, short selling restrictions on closed-end funds
may produce results that are different to common stocks that are subject to tax-induced short term

trading and arbitrage.

2.2.3 Tax-induced short term trading and arbitrage

Kalay| (1982) shows that due to arbitrage, the ex-dividend relative decline is bounded. If the dividend
per share is smaller than the expected price drop then an investor could sell a stock short cum-dividend

and buy it back ex-dividend, where the profit on the trade is

(1—7)[Ps—Ps—D—aP]>0 (2.3)

where a P is the expected transaction costs of a round trip. Alternatively, if the dividend per share

is greater than the expected price drop then an investor could buy the stock cum-dividend and sell it
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ex-dividend, where the profit on the trade is
(1—70)[D — (P — P4) —aP] > 0. (2.4)

Combining the two equations and rearranging, he derives a range for the drop-off ratios:

aP  Pg— Py aP

l—-— < —<1+4+ — 2.5

D — D =0 D 2.5)

Therefore, the range of the ex-dividend relative decline is inversely proportional to the dividend yield.
The tax rates of the firm’s stockholders can only be inferred if the values imply a value within this

range. He also shows that the ex-dividend price drop is biased downward by 7Py /D, where 7 is the

expected daily rate of return of the stock. Later papers augment their models to control for this effect.

Eades et al. (1984) also supports the hypothesis that a reduction in transaction costs decreases
the relative ex-day price decline. They were able to find a decline of less than the dividend amount
for taxable distributions from 1962 until the introduction of negotiated commissions in 1975. How-
ever, they were unable to find a tax premium between 1975 and 1980 when transaction costs were

significantly lower.

In contrast to previous studies, that use stock price changes around the ex-day, |[Lakonishok and
Vermaelen| (1986)) investigate trading volume changes to determine whether there is a short term
trading effect. The tax clientele hypothesis assumes that prices are set by investors who decide to buy
or sell around the ex-day for reasons unrelated to the dividend. Investors choose, depending on their
tax position, between bringing their trade forward prior to the ex-day or delaying their trade until after
the ex-day. The combined volume of trade before and after the ex-day should not increase due to tax

clienteles.

However, there are other reasons that investors might trade around the ex-day. Investors with a
high income tax rate may sell the stock before and buy the stock back after the ex-day, paying tax on
a capital gain rather than dividend income. In addition, other investors with lower taxes on dividends
such as corporations may be induced to purchase the stock immediately before the ex-day and sell
after, capturing the dividend. Investors trading for these purposes will cause an abnormal increase
in trading volume around the ex-day; and this is evident in the empirical results of [Lakonishok and
Vermaelen|(1986)). They find that taxable distributions of cash dividends induces a significant increase

in trading volume around the ex-day. The increase is more pronounced for high yield stocks and low
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transaction cost stocks. These results are consistent with arbitrage trading. They find that non-taxable
distributions such as stock splits and stock dividends have a negative abnormal volume around the

ex-day.

As opposed to previous studies that segmented the sample into pre and post negotiated commis-
sions, [Karpotf and Walkling (1990) observe a more direct proxy for transaction costs. They use a
one-factor market model to adjust ex-day price declines and the average bid-ask spread over a 30-day
period to proxy transaction costs. They find a positive relationship between transaction costs and ex-
day returns, which support the hypothesis that a reduction in transaction costs increases tax-induced

trading and arbitrage.

Additional support for tax-induced trading and arbitrage comes from Koski and Scruggs| (1998)).
They use NYSE audit file data to determine whether the abnormal trading volume observed by |Lakon-
1shok and Vermaelen|(1986) is due to security dealers or corporations. They find significant abnormal
trading volume by securities dealers that is positively related to dividend yield and negatively related
to transaction costs. In addition, they find some evidence of dividend capture by taxable corporations

and insufficient evidence to support the tax-clientele hypothesis.

2.2.4 Equilibrium pricing tests

Another approach for determining whether the taxation of dividends increases the return required by
investors is to use an equilibrium pricing model. Black and Scholes (1974) test whether the expected
returns on high yield stocks are higher than the expected returns on low yield stocks due to differential
taxation of dividend verses capital gain. They find that a dividend factor in an augmented CAPM

model is insignificant, and conclude that investors do not expect a higher return due to taxation.

A similar method is used by Miller and Scholes (1982) to test for the presence of a difference
in expected returns based on dividend yield. In contrast to previous studies, they attempt to adjust
their sample selection based on the information available to investors ex-ante. They only include
observations of the ex-month for stocks that announced dividends prior to, rather than during, the
ex-month. They find a smaller coefficient for stocks prior to the ex-month than during the ex-month

and attribute this to a dividend announcement information effect.

However, as subsequently pointed out by Litzenberger and Ramaswamy| (1982), the average num-

ber of days from the beginning of an ex-month to the ex-date is greater for stocks that announce
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within the ex-month than for stocks that announce prior to the ex-month. If the information effect
occurs over a period of weeksE] then this will change the relative returns for the two different pools of
stocks. |Litzenberger and Ramaswamy| (1982) investigate the expected return of portfolios based on
yield, using information investors have ex-ante. They find a non-linear relationship between dividend

yield and and common stock returns but caution that this relationship may be due to omitted variables.

Michaely and Vila (1995) use an equilibrium model to explain trading volume and stock price
behaviour around ex-dividend days. They show that the ex-day price decline relative to the dividend
is a function of two variables: the average relative tax rate of dividend and capital gains across traders,
weighted by their risk tolerance; and the risk due to uncertainty about the ex-day price returns and the
risk-premium demanded by traders. This premium may obscure inferences of the marginal tax rate of
any trading group and can result in the ex-day price decline of less than the dividend amount even in
the absence of transaction costs. They find empirical support for two predictions of their model. First,
that increased stock variance decreases the trading volume around the ex-day. Second, after the 1986
tax reform, which increased tax homogeneity among investor groups, trading volume around ex-days

decreased.

2.2.5 Microstructure effects

Price discreteness is another proposed explanation for ex-day price declines of less than the amount of
the dividend. Bali and Hite| (1998) argue that because ex-day stock prices can only be adjusted down
in multiples of the tick size, if the dividend amount is not a multiple of the tick size then the ex-day
price will be rounded to the nearest tick. During the period from their sample, the minimum tick size
was 12.5¢ and the median cash dividend was 20¢. Using these values as an example produces in a ex-
day price decline of 62.5% of the dividend amount. Their empirical results support the discreteness
hypothesis just as well as the tax clientele model. However, evidence of the ex-day price decline of
greater than the amount of the dividend for non-taxable cash distributions cannot be explained by

discreteness and therefore supports the existence of the tax clientele effectﬂ

Another way to determine whether the ex-day decline of less than one is due to microstructure
effects or taxes is to examine a market where there are no taxes. |Frank and Jagannathan| (1998) study

ex-day price declines in the Hong Kong market from 1980 to 1993 during which there was no tax on

*Black and Scholes|(1974) find abnormal returns for several days surrounding the ex-dividend date
4Eades et al.|(1984); [Elton et al.| (2005)
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dividends or capital gains. They find an ex-day price drop of less than the price of the dividend and
propose a microstructure explanation. However, they don’t consider the effect of taxation on foreign
sourced income. Foreign investors own a large proportion of Hong Kong companies and pay income
tax on the repatriated income. The foreign tax effect combined with short selling restrictions for the
Hong Kong Market during the sample period, which limit the ability to arbitrage, may explain the

relative price drop of less than one.

2.2.6 Motivation

Barone-Ades1 and Whaley| (1986) use American call option transaction prices to estimate the ex-day
relative price decline. Their method has the advantage of providing an ex-ante estimate of the relative
price decline that is not confounded by economy-wide and firm-specific information releases that may
affect the stock price returns surrounding the ex-day. Consistent with some prior studies, their results

do not support an ex-day price decline that is significantly different from the amount of the dividend.

An alternative explanation for their result is that their sample selection increased the variance
of the estimate of the relative ex-dividend stock price decline and possibly upwardly biased their
estimate. Option traders have a variance for their estimate of the dividend before the announcement.
After the announcement, the dividend is known but the relative ex-day stock price decline is still
uncertain. Therefore, the variation of the ex-day price decline implied in option transaction prices
will be greater before the announcement than after. In addition, if option traders are risk-averse, they
will require a risk-premium for the additional uncertainty of pricing the ex-day price decline, as an
input in their option prices, before the dividend is certain. This risk-premium is modelled with stock
prices by Michaely and Vilal (1995), and should be incorporated in option prices. The premium will
upwardly bias an estimate of the relative price decline to a greater extent if pre-announcement option
transactions are included in an estimation compared with post-announcement. |[Barone-Adesi and
Whaley| (1986) include option transactions prior to announcement. Option transactions with less than
4 weeks to expiration account for approximately 4.65% of the observations in their study. However,
given the sample period, restricting their sample to option transactions after dividend announcements
would provide insufficient power given their sample size. Since their paper was published, option
markets have become more liquid and the number of transactions available to use in a study has
substantially increased. This provides us with the opportunity to re-examine the issue and ask two

questions. First, are dividends implied by option prices accurate forecasts for the cash dividend? And
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second, following a dividend announcement, do option traders price an ex-day stock decline of less

than the amount of the cash dividend?

2.2.7 Summary of the literature

Studies that observe the price change around the ex-day find a relative price decline of less than the
dividend amount A tax clientele effect has been proposed as the primary determinant of the decline,
and many papers find evidence to support this effectﬁ Although early papers proposed that the tax
rates of the marginal investor could be inferred from the ex-day decline, more recent papers propose
tax-induced short term trading and arbitrage as additional effects. There is theoretical and empirical
support for both these effects[] However, many studies find no support for an ex-day decline greater
than the dividendﬂ And some studies propose that microstructure and discreteness effects are partially
or wholly responsible for the observed price changesﬂ Importantly, there is no evidence that the ex-
day decline of less than the dividend amount is factored into the option prices on dividend paying
stockm The question of whether the ex-day relative decline is priced by option traders is the primary

goal of this chapter.

2.3 Methodology

2.3.1 Estimation of the implied dividends from option prices

I follow a similar methodology to (Bae-Yosef and Sarig, 1992)), who use option put-call parity to
estimate changes in dividend expectations as a proxy for dividend surprise. The following equation

holds for European options:

PV(DIV)=S—(c—p+ KB, (2.6)

where PV (DIV) is the current value of expected interim dividends; S, ¢, and p are the prices of the

underlying stock, the European call, and the European put, respectively; K is the common exercise

5(Campbell and Beranek, |1955; |[Elton and Gruber, 1970)

5(Barker,|1959; [Elton and Gruber, |1970; Eades et al.l|1984% [Elton et al., [2005; Litzenberger and Ramaswamys, |1982).

7(Kalay,|1982; [Eades et al.,[1984; |Lakonishok and Vermaelen, |1986; |[Karpoff and Walkling, [1990; |[Koski and Scruggsl,
1998} Michaely and Vila, [1995).

$Durand and May|(1960); Black and Scholes| (1974); Miller and Scholes|(1982).

9(Bali and Hite, 1998} [Frank and Jagannathan, |1998))

19(Barone-Adesi and Whaleyl, |1986)
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price; and B; is the time-t price of a pure discount bond maturing on the options’ common expiration
day.

Equation [4.1] is based on European option prices. Since I can only observe American options, I
need to take into account the premium due to the right of early exercise. I define the American over

European option premium, for calls and puts, by:
Ac=C—-c>0 (2.7)

Ap=P—p>0 (2.8)

where C' and P are American call and put prices, respectively. Equation .1 can now be written as
PV(DIV)=S—(c+ Ac— (p+ Ap) + KBy) (2.9)

American options will not be exercised early, and therefore have an equivalent price to European
options, whenever:

D < K(1 — e BTD) (2.10)

where D is the dividend, R is the forward rate between the dividend payout time, t, and the expiration

date, T, as observed at time t, and K is the exercise price of the option.

The estimation procedure matches the two closest observations, based on time, where a put and
call with the same exercise price and expiration date occur on the same day. Transactions are only
matched to a single pair but there may exist many pairs on any given day. I find 80,898 put-call
trade pairs, approximately 8.37% of the final sample, meet the condition in equation and [ use a

modified equation 4.1|to calculate the future value of the dividend, for these transactions:
IDIV = (S —C+P—Kexp(—R(Tu — t))) exp (R(Tx —t)) (2.11)

where I DIV is the future value, at the ex-dividend day 7'y, of the cash dividend, C, P, K are the
call, put, and strike prices, S is the mean of stock trade prices that occur between the put-call pair,

T’y is the time of maturity, and R is the forward rate.

American call options that do not meet the condition in equation 4.5 will be exercised the day

before the ex-dividend date due to the expected stock price decline. Whereas, American put options
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that do not meet the the condition in[4.5| will be exercised on or after the ex-dividend date depending
on moneyness. If the interest on the proceeds from early exercise exceed the time value of money

then early exercise is optimal:
(K= 8)(1—e BTy > TV (2.12)

where T.V. is the time value of the option, and the remaining notation is the same as equation 4.5
Based on the expected price decline due to the dividend, I anticipate an insignificant marginal dif-
ference in the European vs American put option premiumm Therefore, for the main study, the
remaining option pairs that do not satisfy equation [4.5] are estimated using equation 4.6 with the

maturity date 7', set to the ex-dividend date T’y due to early exercise.

2.3.2 Data

The data in the study are compiled from two sources: OptionMetrics and ThomsonReuters Tick
History. I analyse data from years 2009 to 2015. The option tick data provided by ThomsonReuters
does not exist prior to 2009, so I am unable to analyse the effect of bear markets and the Global
Financial Crisis on the option market expectations of the dividend. However, this is unlikely to have a
significant effect given that the options price dividends that are typically less than a financial quarter
before the ex-dividend date. Using end-of-day data and dividend event data from OptionMetrics, |
compile a list of firm-years that match the following filter: at least a single daily traded volume of 30
for an option instrument with a single ex-dividend date between the trade date and option maturity.
Using these firm-years, I collect all option and underlying stock tick data from ThomsonReuters Tick

History from 2009-2015. The final sample consists of 9,334 firm-years from 1,908 firms.

I exclude dividend events where the stock price moves more than 10% from the close the day
before the ex-dividend date to the opening on the ex-dividend date. I exclude, due to the unavailability
of future dividend event information, option maturities with expiration past the dividend event sample
period of 31st December 2015. I exclude estimated dividend yields greater than 10%. This reduces

the sample approximately 0.01% from 4,818,361 to 4,817,818 individual estimates.

I truncate at the 2nd and 98th percentiles for the individual dividend estimates, implied alpha ,

"Gray| (1989) finds in favour of put-call parity holding when taking into account the potential rational early exercise
of an option and the possibility that dividends and capitalisation changes will differ from expectations.
12Whaley| (1982) finds only a half-percent difference in pricing between European and American options.
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and overnight realized alpha. This reduces the final sample by approximately 10.6% to 4,303,528
individual estimates. I then calculate the mean of the individual estimates for each dividend event and

use these values in the following analysis.

[Descriptive statistics table [T]about here]

2.3.3 Estimation of the implied and realized ex-dividend stock price decline

The observed stock returns surrounding the ex-dividend date are noisy due to confounding factors
such as idiosyncratic and systematic price effects. I investigate three different measures of the ex-
dividend stock price decline to determine the best measure to compare the relationship between
Oreqlized and the mpiieq by the option implied dividend estimates. The first measure I use is the
Overnight Stock Price Drop:

DROP,vernight = S — So (2.13)

where Sp is the stock price at the close of trading the day before the ex-day, and Sy, is the stock price

at the opening on the ex-day. The second measure I use is the Daily Stock Price Drop:
DROPi1y = S — Sa (2.14)

where S is the stock price at the close of trading the day before the ex-day, and S 4 is the stock price
at the close on the ex-day. The third measure I use is the Daily Stock Price Drop adjusted for market

movements. I adjust the ex-dividend day stock price return using the market model:
E(rilrme) = o + Birpu (2.15)

where r,, is the S&P 1500 Stock index, «; and [3; are estimated from sample return data prior to the
ex-dividend date. Subtracting E(r;) from m gives a market adjusted measure of the ex-dividend
day drop:

DROP, gjustea = Si,p(E(7i) — Tirealized) (2.16)

where S; p is the close price the day before ex-dividend day, for stock i, 7;, realized is the close to

close daily stock return for stock .

[Results table 2] about here]
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The overnight drop model has significantly more explanatory power for explaining the effect of
the cash dividend around the ex-dividend date. Therefore, I define the realized ex-dividend stock
price decline as:

Sp — S,
Qrealized = BTO (217)

where a.cqizeq 18 the relative ex-dividend stock price decline, Sg is the closing stock price the day
before the ex-dividend date, Sp is the opening stock price on the ex-dividend date, and D is the
realized cash dividend amount. Likewise, I define a measure of expected stock price decline implied
by option prices as:

IDIV
Uimplied — T (218)

where jppiieq 18 the option implied relative ex-dividend stock price decline, /DIV is the dividend

amount implied by option prices from[4.6] and D is the realized cash dividend amount.

2.3.4 Pricing error factors

I calculate the expected ex-dividend drop using put-call parity from options and stock prices after the
dividend announcement. Because the cash dividend is known, the only variation in the implied drop
must come from either heterogeneous expectations among the option traders or empirical effects such
as the bid-ask spread. In this section, I test five factors that have an effect on the error in the implied
ex-dividend drop. First, I calculate the relative difference between the implied ex-dividend drop and

the cash dividend for each individual put-call pair as,

_ IDIVj, - D;

D, (2.19)

0;
where 1 DIV is the individual implied ex-dividend drop for put-call pair j for dividend event i cal-
culated using equation I then calculate the standard deviation of ¢; for each dividend event to
measure the amount of variation between the individual ex-dividend drop estimates for each dividend

event. I define pricing Errors as,

i =\ ¥ > (6= 6;)? (2.20)

J=1

where N is the number of implied dividend estimates for dividend event 7.
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In the following analysis, dividend events are sorted into factor-based deciles. The mean, median,
and standard deviation for each decile is calculated from the pricing errors. The difference between
the means of each decile reveals whether the pricing error changes with the factor. Whereas, the
difference between the standard deviation of each decile indicates a change in the amount of variation
in the error between dividend events based on changes in the pricing factor. Later in the analysis, I
use filters to create a subsample with a reduced pricing error. It is important to use the factors that
decrease the mean error of the sample but also reduce the variation across dividend events in order

improve the estimation of the implied ex-dividend drop.

I test for the equality of means of the pricing error across deciles using the GLM F-statistic devel-

oped by (Nelder and Wedderburn, [1972).

If equality is rejected then I use the Jonckheere-Terpstra trend in group medians test developed by

Jonckheere (1954); Terpstra (1952). I test the following hypothesis,

HO : 91 == (92 == ... = 910 (221)

Hy:0, <6, <..< 6, withatleastone strict inequality. (2.22)

where 6; is the median value of the pricing error of the ¢th decile. The test z-statistic is calculated

using the method described in Jonckheere (1954),

]., lewZ < Xjaj-

piaija]- - (2'23)
0, otherwise.
where X, is the ath value in the ith sample drawn from £k samples of size m,v =1,....k —1;5 =
1—|—Z,CLZ = 1,...,mi;aj = 1,,mJ

m; My

Pii = Y Y Piasja; (2.24)

aiil aj:1

k—1 k k—1 k
S=23" > pii—>_ ) mm, (2.25)
t=1 j=1+i t=1 j=1+i
2n® — 342 2S¢
VAR(s) = 2 k) 43 = ) (2.26)
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where n is the total number of scores, and ¢; is the number of scores in the ¢th sample.

SR 2.27)

JVAR(S)

where S, is a continuity correction S. = |S| — 1.

Likewise, I test for a trend in the variances of the deciles to determine whether the factor increases
or decreases the variability of the error between dividend events. |[Levene et al. (1960) derives a test for
the homogeneity of variance of group observations. This was adapted by |Brown and Forsythe (1974)
who demonstrated that using medians rather than the means, when calculating the spread between the
groups, 1s more robust to non-normal data whilst retaining good statistical power. Gastwirth, Gel, and
Miao, (2009) extended these tests to include rank linear trends in the group variances. I test the null

hypothesis that the standard deviations of the pricing error are all equal,
H0:O'1:O'2:...:O'10 (228)

Hy:01<09< ... <079 (2.29)

with the alternative hypothesis that the standard deviations of the deciles are strictly ordered. I calcu-

late the Modified Brown-Forsythe Levene-type test statistic as,

B = - (2.30)
Zf—l ni(w; — w)?
b,
v = — 2.31
"N @
where Z;,1 = 1,..., k, are the group medians of z;; and Z_ is the grand median over 7 ,i = 1, ... k.

The following results are robust to substituting the means z where the medians 2 are used in equation

[2.30} as per the original Levene test.

2.4 Results

The first few sections of results present the estimates for pricing error factors. As discussed previously,
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2.4.1 Volume of option trades

The individual estimates, calculated from each pair of put-call trades, are averaged to produce an ag-
gregate ex-dividend day decline estimate for each dividend event. The number of individual estimates
used for each aggregated estimate depends on the volume of both put and call option trades between
the dividend announcement and the ex-dividend date. Options on thinly traded stocks are more dif-
ficult to arbitrage and therefore, possibly, have option prices that deviate from those expected from
put-call parity. I hypothesise that firms with a lower volume of option trades will have a larger mean

pricing error and more variation across events than firms with higher volumes of option trades.
[Results table [3]about here]

Results from Table 3| reject the null hypothesis for an equality of means (/'-statistic 51.42), me-
dians (Z-statistic -11.5318), and variances (,@ 101.33) in favour of the alternatives that there is a
decreasing trend in the median and standard deviation of the pricing errors based on decile of option

volume.

2.4.2 Moneyness of the put-call options

I hypothesize that deep in-the-money options have an larger pricing error because of a divergence
in optimal exercise time between calls and puts. Deep in-the-money call options are more likely to
be exercised prior to the ex-dividend date, when the stock is expected to fall by the amount of the
dividend. Whereas, a put option with the same strike will be deep out-of-the-money and exercise will

be delayed until much closer to option expiry.

[Results table [] about here]

The mean, median, and standard deviation from Table E| are high at low S/ X ratios then low near
the money then high again at high S/ X ratios. The upside down umbrella, Figure means that
the monotonic trend tests I used previously are not applicable for testing a trend in the moneyness
factor. Mack and Wolfe| (1981) develop a test for umbrella alternatives with a known peak. However,
the lowest mean and median error is unknown and could likely be either 0.95 < S/X < lorl <
S/X < 1.05. Chen and Wolfe (1990) modify the test to remove the assumption that the underlying

populations have the same shape and provide a test statistic for an unknown-peak in the umbrella.
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FIGURE 2.1: Pricing error by the degree to which the options are in-the-money.
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I test can use the Mack-Wolfe-Chen Test by taking the reciprocal of the pricing error to invert the

shape. I then test the following hypothesis,
Ho : 91 = 92 - ... = Qk (232)

Hy:0, <...<0,>...> 0y, for some p, with at least one strict inequality. (2.33)

where 6, is the median of the reciprocal of the pricing error. The reciprocal is taken to transform the

data to fit the umbrella alternative.

Results from Table E| reject the null hypothesis for an equality of median errors (A7 39.067) in
favour of the alternative that there is an umbrella trend in the median based on the moneyness of

the options. The estimated peak group, for lowest median error, is near-the-money between 0.95 <

S/X <1.

The distribution of option moneyness from Table [T| shows that deep out-of-the-money and deep
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in-the-money options have much lower traded volume than near-the-money, at-the-money, and in-
the-money options. The results in the previous section, Table [3] show a monotonic trend in pricing
error with the volume of individual options per dividend event. In order to rule out option traded
volume, as the confounding factor for the above moneyness results, I construct a subsample with a
uniform volume across all moneyness group. The sample is constructed by taking the 2nd to the 11th
moneyness groups. This is group 0.8 < S/X < 0.85 through to 1.3 < S/X < 1.35. Additionally,
I only use volume deciles 1 to 6 from Table I then select 55 random observations from each
moneyness group which results in a total of 3,300 dividend events with a uniform distribution of
volume. The results in Table [5|are very similar to the full sample. The Mack-Wolfe-Chen statistic is
slightly lower at 11.433 but is still significant at the 0.001 level. The estimated lowest median pricing
error has moved from near-the-money, 0.95 < S/X < 1, to at-the-money, 1 < S/X < 1.05. The

results confirm the effect of the inverted umbrella on the option dividend pricing error.

2.4.3 Non-synchronous trading

Put-call parity relies on tradable prices. As the time between the put and call options increase, the
price of the underlying stock and the factors that affect the price the option premiums may diverge
from the values when the first option was traded. I hypothesize that put-call pairs matched closer in

time have a lower pricing error because of reduced non-synchronous trading effects.
[Results table [6] about here]

Results from Table [6] reject the null hypothesis for an equality of means (F-statistic 1186.43),
medians (Z-statistic 109.0832), and variances (B -91.151) in favour of the alternatives that there is
an increasing trend in the median and standard deviation of the pricing errors based on decile of time

between put-call option pairs.

2.4.4 Put call spread

Suppose a trader were to arbitrage option mispricing using put-call parity. The trader would either buy
the stock plus the put and sell the call, otherwise they could sell the stock plus the put and buy the call.
Therefore, it is plausible that the combination of put-call bid-ask that would exhibit the largest pricing

errors would follow this alternate bid-ask combination. An alternative hypothesis is that traders who
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arbitrage put-call parity are market makers and do not cross the spread. This would result in same-
side bid-bid and ask-ask combinations with the largest pricing errors because they would include an

inventory holding premium.
[Results table[7] about here]

Results from Table [/| reject the null hypothesis for an equality of means for the put-call bid-ask
combinations as a group (F’-statistic 17.94). Tukey’s Studentized Range Test shows that two com-
binations have higher errors than Call-Ask Put-Ask than other combinations at the 0.05 significance
level. These two combinations are Call-Ask Put-Bid at 0.023639 higher and Call-Bid Put-Bid which is
0.018259 higher. Call-Bid Put-Bid has a significantly lower error than Call-Ask Put-Bid by 0.017378
and Call-Bid Put-Ask by 0.011998. There is no significant difference between Call-Bid Put-Bid and
Call-Ask Put-Ask or between Call-Ask Put-Bid and Call-Bid Put-Ask. These results show that the
lowest errors occur when both call and put trades are on the same side either the bid or the ask. If
the call and put trade occurs at Bid and the Ask then the error is higher and there is no significant

difference whether it is the call or the put on one-side or the other.

2.4.5 Dividend yield

As discussed previously, variation in the relative ex-dividend day decline are possibly due to costs
and limits of arbitrageE] As such, I hypothesize that the pricing error will be lower for high yield
stocks due to transaction costs making up a smaller proportion of the dividend and therefore potential

arbitrage profits.
[Results table [§] about here]

Results from Table [§] reject the null hypothesis for an equality of means (F-statistic 845.45),
medians (Z-statistic -78.5589), and variances (B 46.316) in favour of the alternatives that there is a

decreasing trend in the median and standard deviation of the pricing errors based on dividend yield.

2.4.6 Comparison of implied alpha and realized alpha

I filter below the median for all factors that were identified, in the previous sections, to increase

the error in the implied dividend. I include options that are below the median yield of 0.00621,

13(Kalay, 1982; |[Lakonishok and Vermaelen, |1986)
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and I include estimates where the time between matched put-call pairs is less than 14 minutes. The
moneyness of the filtered sample is limited to 0.9 > S/X < 1.1. And the bid-ask of the filtered

sample were also limited to Call-Ask Put-Ask or Call-Bid Put-Bid combinations.

This reduces the sample of dividend events from 17,818 to 4,943. I do not filter based on the
volume of individual estimates used for each dividend event as this factor has a much smaller effect
than the other factors and filtering below the median would exclude 78% of the remaining sample

leaving only 1,048 dividend events.
[Descriptive statistics table [9]about here]

It is not surprising that the standard deviation for all observations of the Overnight Alpha (1.88124)
is much larger than the standard deviation of the Implied Alpha (0.37995). This is likely due to the
confounding factors such as overnight information releases that affect the change in the overnight
price and add noise to the observed price change. Whereas, the implied alpha is an ex-ante measure
implied from option prices made days or weeks earlier that are not affected by information released

after the close of trading the day before the ex-dividend date.

The filtering factors that lower the standard error of the Implied Alpha from 0.37995 to 0.31385
also have an effect on the Overnight Alpha reducing the error from 1.88124 to 0.94456. The mean
Overnight Alpha increase when filtered from 0.763177 to 0.815024 whereas the Implied Alpha de-
creases due to the filtering from 0.894496 to 0.842144.

2.4.7 Predictive ability of alpha implied by option prices

I can test whether the estimates of implied « are able to predict the subsequently realized values of
relative stock price decline. This gives us an indication of whether the implied o are economically

meaningful.

The estimate of the realized value of « for individual firms is computed as (S — S4)/D, where
Sp is the closing stock price on the day before ex-dividend, S, is the opening stock price on the day
of ex-dividend, and D is the amount of the dividend. I calculate the Mean Absolute Predictive Error
as,

1 n
MAPE = — A; — P, 2.34
n@ ;= bl (234)

where A; is the realized stock price decline estimate for the jth stock, P; is the predicted stock price
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decline estimate for the jth stock, and n is the number of observations for the year. And I calculate

the Mean Squared Predictive Error as,

n

_1 _p)2
MSPE =~ > (4 - Py (2.35)

J=1

[Results table [3.3|about here]

I can test whether option traders can predict firm variation in the ex-dividend drop by regressing

the option implied alpha on the realized alpha, that is,

drealized,j =% + /yldimplied,j + €; (236)

If the estimated coefficients 4, and #; are indistinguishable from zero and one, respectively, then
the Qimpiicd 18 @ good predictor of the a,cqi-e4. The slope coefficient should be insignificantly different

from zero if most of the predictive power is due to the ampiicd-
[Results table [TT]about here]

The above results are consistent with the theory that option prices do not predict the firm-specific
ex-dividend day relative price decline. This is likely due to the fact that option traders cannot predict
the confounding factors that affect the overnight price around the ex-dividend day, and these factors
outweigh the differences in the expected decline caused by costs to arbitrage. Nonetheless, the inter-
cept for the full sample of 0.894496 is highly significant with a t-value of (37.07). A similar value is
observed in the regression of the option implied dividend on the cash dividend amount in which
showed that option traders under-price the dividend indicating an expected price decline of 87% for

the full sample and 85% for the filtered sample.

2.5 Discussion and conclusion

Past work by (Barone-Adesi and Whaley, |1986)), on estimating the expected stock price decline im-
plied by American call options, found the decline insignificantly different from the amount of the
dividend. However, using a much larger sample size, and a new method for estimating dividends
from option prices, developed by (Bae-Yosef and Sarig, |1992)), I find that the expected stock price

decline implied by American call options is significantly less than the amount of the dividend. This
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has important implications for the pricing of options. Pricing a call option with an inflated dividend

amount produces a call that is too expensive, likewise it produces a put that is under-priced.

In addition, the results indicate several factors that have an effect on option pricing errors that
should be taken into account when using historical option prices in implied volatility and risk neutral
probability models. I find that option pricing errors are higher due to thin trading, non-synchronous
trading, and lower yields. I also find an increase in pricing errors for deep in-the-money, deep out-of-
the-money, and put-call pairs that are traded at opposing bids and asks. I propose that some of these
empirical effects, such as non-synchronous and thin trading, are the reason for an ex-dividend drop

larger than the arbitrage bounds demonstrated by Kalay| (1982).

The results show that the ex-dividend stock price decline implied by American option prices is a
useful measure of the expected ex-dividend day price decline. The expected ex-dividend day stock
price decline has a mean of between 85% and 87% of the cash dividend. The implied stock price
change from options can be grossed up to produce an estimate of the market’s expectation of the
dividend. Dividend estimates are used in valuation models such as the Dividend Discount Model, as
well as pricing models for options, futures, and swaps. Investors are also interested in forecasts of
dividends because a change in cash dividend provides a credible signal to investors about changes
in firm earnings quality. It is because of the aforementioned reasons that management and analysts
often both provide dividend forecasts. The ability to use option prices, and the factors that affect its

accuracy, as an additional tool to estimate an expected dividend is therefore economically useful.



TABLE 1: Frequency distributions for the number of individual put-call pairs by the degree to which the options are in-the-money (S/X) and by the time to
expiration of the options, (7).

Ratio of stock price to exercise price Number of transactions Percent Time to expiration in weeks Number of transactions Percent
S/X <0.75 11622 0.27% T <2 5,346 0.12%

0.75 < S/X <0.8 16,446  0.38% 2<T <4 6,276  0.15%
0.8<5/X <0.85 46,845  1.09% 4<T <6 16,446  0.38%
0.85<S/X <0.9 156,919  3.65% 6<T<8 46,845  1.09%
09<S5/X <0.95 613,447 14.25% 8§<T <10 156,919  3.65%
095<S/X <1 1,958,836 45.52% 10<T <12 613,447 14.25%
1<S/X <1.05 945,193  21.96% 12<T <14 1,958,836 45.52%
1.05< S/X < 1.1 322,644  7.50% 14<T <16 945,193  21.96%
1.1<S/X <115 123,455 2.87% 16 <T <18 322,644  7.50%
1.15< S/X < 1.2 51,799  1.20% 18<T <20 123,455 2.87%
1.2<S/X <1.25 24,950  0.58% 20<T <22 51,799  1.20%
1.25< S/X <13 12,691  0.29% 22<T <24 24,950  0.58%
1.3<85/X <1.35 6,886 0.16% 24 <T <26 12,691  0.29%
1.3 < S/X <14 3,837  0.09% 26 <T <28 6,886  0.16%
14<S/X <145 2,539  0.06% 28 < T <30 3,837  0.09%
145 < S/X <15 1,472 0.03% 30 <T < 32 2,539  0.06%
1.50 < §/X 3,947  0.09% 32<T 5419  0.13%

Total 4,303,528 100% Total 4,303,528 100%
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TABLE 2: Summary of the regression results for the cash dividend on the estimated realized relative ex-dividend stock price decline for individual stocks.

Measure ~o 1 Adj. R?
DROP,vernight 0.19634 0.45473 0.4137
(30.70) (17.15)

DROPq1y 0.26937 -0.16306 0.1676
(80.19) (-12.03)

DROP,gjusted 0.24145 0.23839 0.2547
(45.23) (12.59)

The regression equation is D = vy + 711 DROP + ¢, where D is the realised dividend. Sample includes 17,818 dividend events.
DROP,,ernight 1s measured as the stock price on the close before the ex-dividend day minus the stock price on the opening of the ex-dividend
day.

D RO Pjq;1,, is measured as the close before the ex-dividend day minus the close on the ex-dividend day.

D ROP,gjusteq is measured as the D RO Py, adjusted by the expected return on the stock S; g(E(7;) — 7 reatized), the expected return E(r);
is computed using the market model: E(7;|r:) = a; + 5irme-

The values in parentheses are t-ratios based on White Heteroscedastic Consistent Errors.
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TABLE 3: Summary of the mean, median, and standard deviation of the pricing error by decile of the number of individual estimates per dividend event.

Decile Minimum count Maximum count No. of events. Mean Median Std Dev

1 2 2 1,185 0.51966 0.37590 0.48964

2 3 5 2,062 0.57058 0.50100 0.35473

3 6 9 1,539 0.57528 0.52185 0.30138

4 10 16 1,578 0.56377 0.51896 0.26267

5 17 28 1,545 0.54193 0.49674 0.24049

6 29 51 1,615 0.52665 0.47661 0.23612

7 52 95 1,573 0.51896 0.47905 0.22173

8 96 187 1,571 0.49614 0.45051 0.20927

9 188 529 1,588 0.46732 0.42429 0.19367

10 530 71175 1,584 0.41726 0.36497 0.17520

Total 2 71175 15,840 0.52108 0.46191 0.28216
p-value

GLM test for equality of means F-statistic 5142 <0.001
Jonckheere-Terpstra trend in medians Z-statistic -11.5318 <0.001
Modified Brown-Forsythe Levene-type test for monotonic trend in variances 101.33  <0.001

Pricing error, s, calculated as the standard deviation of the relative difference between the implied dividend and the realized dividend,
(Dimprica — D)/ D, for each dividend event.
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TABLE 4: Results for the standard deviation of the pricing by the degree to which the options are in-the-money.

Ratio of stock price to exercise price Mean pricing error Median pricing error  Standard deviation No. of events  Percent

0.75 < S5/X <0.8 0.665515 0.654436 0.392236 1430 1.65%
0.8<5/X <0.85 0.655417 0.625206 0.368740 2774 3.21%
0.85 < S5/X <0.9 0.613488 0.579458 0.360673 5282 6.10%
09<S5/X <0.95 0.543469 0.505313 0.318858 9788 11.31%
095<S5/X <1 0.443068 0.380557 0.288769 14255 16.47%
1<S/X <1.05 0.443238 0.371688 0.280799 14602  16.87%
1.05<S/X < 1.1 0.513776 0.452150 0.304945 11756  13.58%
1.1<S/X <115 0.543937 0.493168 0.326709 8606 9.94%
1.1I5 < S/X < 1.2 0.564086 0.512656 0.350467 5973 6.90%
12<S/X <1.25 0.566088 0.513062 0.363074 4126 4.77%
1.25 < S/X < 1.3 0.573306 0.531491 0.375342 2890 3.34%
1.3<5/X <135 0.587608 0.517491 0.402739 1984 2.29%
1.3 <S5/ X <14 0.597200 0.539364 0.404804 1370 1.58%
14<S/X <145 0.587043 0.527096 0.403103 1024 1.18%
145 < S/X < 1.5 0.551152 0.491197 0.389973 685 0.79%
Total 0.512894 0.450851 0.324217 86545 100.00%

Mack-Wolfe-Chen Peak Unknown A;; Statistic 39.067

Estimated peak groupp 0.95 < S/X < 1

Monte Carlo (10,000 iterations) p-value < 0.001

The reciprocal of the standard deviation of the pricing was used in order to transform the umbrella to fit the Mack-Wolfe test.

Estimated peak group represents the valley (lowest median pricing error).

Pricing error, s, calculated as the standard deviation of the relative difference between the implied dividend and the realized dividend,
(Dimpriea — D)/ D, for each dividend event.
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TABLE 5: Results of the volume robustness test for the pricing error by the degree to which options are in-the-money.

Ratio of stock price to exercise price Mean pricing error Median pricing error  Standard deviation Mean volume per event

0.8<S5/X <0.85 0.677668 0.666745 0.303589 15.12727
0.85 < S/X <0.9 0.645549 0.632600 0.349265 14.17576
09<S5/X <0.95 0.566909 0.518968 0.324421 14.50152
095<S5/X <1 0.471505 0.416603 0.319019 14.31212
1<S/X <1.05 0.461638 0.393389 0.302974 14.54545
1.05<S/X < 1.1 0.540417 0.473049 0.311026 14.55000
1.1<S/X <1.15 0.552477 0.500461 0.331331 14.25455
115 < S/X < 1.2 0.577878 0.542366 0.333708 14.11212
1.2<S5/X <1.25 0.614725 0.586449 0.349198 14.03485
125 <S/X <13 0.612558 0.581061 0.357829 14.08636
Total 0.571245 0.525767 0.335240 14.36364

Mack-Wolfe-Chen Peak Unknown A% Statistic 11.433

Estimated peak groupp 1< .S5/X < 1.05

Monte Carlo (10,000 iterations) p-value < 0.001

The reciprocal of the standard deviation of the pricing was used in order to transform the umbrella to fit the Mack-Wolfe test.

Estimated peak group represents the valley (lowest median pricing error).

Pricing error, s, calculated as the standard deviation of the relative difference between the implied dividend and the realized dividend,
(Dimpliea — D)/ D, for each dividend event.
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TABLE 6: Results for the standard deviation of the pricing by decile of time, in minutes, between the matched call and put option pairs.

Time between paired put and call in minutes Mean pricing error Median pricing error  Standard deviation No. of events  Percent
T <1 0.326948 0.262589 0.249246 9,331 8.30%
1<T<2 0.31983 0.251283 0.247097 9,275 8.25%
2<T<3 0.320643 0.255371 0.242132 8,404 7.47%
3<T <4 0.343054 0.276788 0.245432 9,528 8.47%
5<T <8 0.374485 0.303039 0.257452 10,506 9.34%
9<T <14 0.402382 0.331764 0.266831 10,971 9.76%
15 <T <25 0.438898 0.365691 0.278349 11,717 10.42%
26 <T <47 0.473461 0.400944 0.289368 12,845  11.42%
48 < T < 101 0.52153 0.458988 0.294712 13,955 12.41%
102 < T < 522 0.597621 0.551951 0.314775 15,908  14.15%
Total 0.43383 0.359401 0.291414 112,440 100.00%

p-value

GLM test for equality of means F-statistic ~ 1186.43  <0.001

Jonckheere-Terpstra trend in medians Z-statistic  109.0832  <0.001

Modified Brown-Forsythe Levene-type test for monotonic trend in variances  -91.151 <0.001

NOISNTONOD ANV NOISSNDSIJ §°¢C

123



TABLE 7: Results for the pricing error based on combinations of put-call bid-ask.

Mean Standard deviation Median No. of observations
C: Ask P: Ask 0.471371967 0.282135441 0.410257775 12212
C: Ask P:Bid 0.495010901 0.278108499 0.433918755 14955
C: Bid P: Ask 0.489630957 0.279118392 0.425400793 26162
C:Bid P:Bid 0.477633053 0.286919106 0.414576771 14166

Tukey’s Studentized Range (HSD) Test for difference in means.

C: Ask C: Ask C: Bid
P: Ask P: Bid P: Ask
C: Ask P:Bid -0.023639%**
C:Bid P: Ask -0.018259*** (.005380
C:Bid P:Bid -0.006261 0.017378*** (0.011998%***

GLM equality of means F-statistic

17.94 p-value

<0.001

Pricing error, s, calculated as the standard deviation of the relative difference between the implied dividend and the realized dividend,
(Dimpriea — D)/ D, for each dividend event. Four standard deviations are calculated for each dividend event using four combinations of
matched put and call depending on whether the trades occurred at the bid or the ask. Calls and puts are represented as C and P, respectively.

Tukey’s Studentized Range (HSD) Test controls the Type I experimentwise error rate.
Comparisons significant at the 0.05 level are indicated by ***.
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TABLE 8: Summary of the mean, median, and standard deviation of the standard deviation of pricing by decile of dividend yield.

Decile Minimum yield Maximum yield Mean Median Std Dev

1 0.00014 0.00229 0.85458 0.85136 0.28369
2 0.002294 0.00332 0.72038 0.69895 0.27218
3 0.00332 0.00422 0.62189 0.58967 0.25169
4 0.004219 0.00515 0.54997 0.51379 0.23403
5 0.005154 0.00621 0.49849 0.44575 0.24047
6 0.00621 0.00747 0.44780 0.39036 0.22597
7 0.007476 0.00916 0.41813 0.36034 0.21627
8 0.009157 0.01173 0.39952 0.34738 0.20571
9 0.011728 0.01733 0.36983 0.32775 0.19305
10 0.01734 0.13557 0.31265 0.29768 0.16804
Total 0.00014 0.13557 0.52108 0.28216 0.46191

p-value

GLM test for equality of means F-statistic 845.45 <0.001

Jonckheere-Terpstra trend in medians Z-statistic -78.5589 <0.001

Modified Brown-Forsythe Levene-type test for monotonic trend in variances 46.316 <0.001

Pricing error, s, calculated as the standard deviation of the relative difference between the implied dividend and the realized dividend,
(Dimprica — D)/ D, for each dividend event.
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TABLE 9: Descriptive statistics for the relative ex-dividend stock price decline implied by option prices and realized ex-dividend stock price decline from

overnight stock price changes.

Overnight alpha Implied alpha
Sample No. of obs. Mean t-statistic  Median Std. Dev. Mean t-statistic ~ Median Std. Dev.
All observations 17818 0.763177 16.8 0.827658  1.88124 0.894496 37.07 0.871584  0.37995
Filtered sample 4943 0.815024 13.77 0.860465  0.94456 0.842144 35.36  0.850048  0.31385

Overnight Alpha is the relative ex-dividend stock price decline, acqiized = %, where Sy is the closing stock price the day before the
ex-dividend date, Sy is the opening stock price on the ex-dividend date, and D is the realized cash dividend amount.

Implied Alpha is the option implied relative ex-dividend stock price decline, pprica = %, where I DIV is the dividend amount implied
by option prices from4.6] and D is the realized cash dividend amount.

t-statistic tests the null Hy : ¢ = 1 with alternative H4 : p < 1
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TABLE 10: Mean prediction errors of implied and historical estimates of the relative ex-dividend stock price decline from the estimated relative ex-dividend
stock price decline for individual stocks.

Sample No. of obs. Predictor MAPE MSPE

All observations 17818 Implied 1.198090 3.682731
Historical 2.524656 171.7672

Filtered observations 4943 Implied 0.659592 1.008796

Historical 1.160633 5.372345

The estimated realised relative ex-dividend stock price decline is equal to (Sg — S4)/D for each ex-dividend event. Where Sp is the closing
price of the stock the day before the ex-dividend date and S is the opening price on the ex-dividend date.

M APE is the mean absolute prediction error, that is, M APFE = % Z;L |A; — Pj|, where A; is the realised stock price decline estimate (see
footnote a) for the jth stock, P; is the predicted stock price decline estimate for the jth stock, and n is the number of dividend estimates.
MSPE is the mean squared prediction error, that is M APE = 1 > (Aj— Py

The implied relative ex-dividend stock price decline is equal to / DIV/D where I DIV is the average of the daily company-specific dividend
estimates, and D is the cash dividend amount.
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TABLE 11: Results for the regression of the option implied relative ex-dividend stock price decline on the realized relative ex-dividend stock price decline.

Sample No. of events ~o 71 Adj R?

All observations 17818 0.70821 0.06145 0.0001
(18.93) (1.47)

Filtered sample 4943 0.89011 -0.08916 0.0007

(22.08) (-1.83)

The regression equation iS Qyeatized = Y0 + V1 Qimplied + €

The estimated realised relative ex-dividend stock price decline is equal to (Sp — S4)/D for each ex-dividend event. Where S is the closing
price of the stock the day before the ex-dividend date and S is the opening price on the ex-dividend date.

The values in parentheses are t-ratios based on White Heteroscedastic Consistent Errors.
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Analyst Dividend Forecast Accuracy and

Option-Implied Dividend Forecasts

3.1 Introduction

Dividends have direct cash flow and signalling effects for firms and investors. This is the rationale for
why dividend forecasts are used to proxy for market dividend expectations, and a change in forecast
is used as a measure of dividend surprise. Finance and accounting researchers use surprise measures
to empirically test signalling theories about the relationship between dividend changes and future

earnings or cash flows (Bhattacharyal [ 1979; Miller and Rockl 1985} John and Williams, |1985).

Dividend forecast accuracy is also important because analysts use assumptions of future dividends
to forecast earnings and develop buy-sell recommendations. Barker| (1999) investigates, using partic-
ipant observation; questionnaires; and semi-structured interviews, the role of dividends in valuation

models used by UK fund managers and analysts. He finds that analysts primarily use Price-Earnings
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and Dividend Yield in their valuation models. He finds that value-relevance of information varies
with the reliability of forecasts. |Denis, Denis, and Sarin| (1994) also find support for the link between
dividends and earnings forecasts. They find that analysts significantly revise their earnings forecasts
following a change in dividends. In addition, Loh and Mian (2006) find that analysts with superior
earnings forecast accuracy produce recommendations that are more profitable than other analysts.
This implies that superior analysts use more accurate dividend forecasts to forecast earnings and gen-
erate more profitable recommendations. These studies imply that the better analysts are at forecasting
dividends, the more they will rely on this information to forecast earnings, and the more profitable

their recommendations to investors.

This chapter investigates the relationship between analyst dividend forecasts and market expecta-
tions of dividends implied by option prices. The pri