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Abstract

In this thesis, I examine the risk and return properties of individual dividend strips,
which are claims to short-term dividends from individual companies. First, contrary to
the conventional assumption that quarterly dividend payments from individual companies
are sticky and certain, I document considerable variability in short-term dividends at the
firm level. Uncertainty in dividends of individual stocks in the next quarter can give
rise to short-term dividend risk premium at the firm level, which affects the pricing of
claims on quarterly dividend payments. Then, I use exchange-traded options on individual
stocks to create synthetic dividend strips and use the put-call parity relation to compute
prices of dividend strips. During the sample period from 1996 to 2017, the dividend
strip aggregated from all individual firms earns an average return of 4.62% per quarter,
higher than the average quarterly return of the S&P 500 index during the same period.
The high average return on the aggregate dividend strip is consistent with an average
downward-sloping term structure of equity premium documented by prior studies using
index derivatives. There are substantial cross-sectional differences in returns on dividend
strips among individual firms sorted by average normalized dividend premium in the

previous four quarters, which is a measure of ex-ante dividend risk premium. Average



value-weighted returns on dividend strip portfolios in the highest and lowest quintiles of
dividend premiums are 11.91% and —2.87% per quarter, and the spread in return is highly
statistically significant. Differences in dividend strip returns are not driven by potential
measurement errors in options prices, as option-implied dividends are strong predictors of
future dividend payments, and are not driven by differences between dividend payers and
non-payers, as the results hold for the subsample of stocks that have ever paid regular cash
dividends in the past five years. Variations in returns of claims on short-term dividends do
not diminish after controlling for short-sale constraints of underlying stocks and adjusting
early exercise premiums in prices of American-style options. In addition, results of both
the Fama and MacBeth (1973) cross-sectional regressions and the multivariate test of
Gibbons, Ross and Shanken (1989) indicate that the Fama and French (2015) five-factor
model can well describe average returns on dividend strips sorted by the ex-ante dividend
risk premium. In contrast, the Capital Asset Pricing Model, the Fama and French (1993)
three-factor model, and the Carhart (1997) four-factor model seem to be incomplete
models. T also use four well-known stock return predictors, book-to-market ratio (BM),
operating profitability (OP), total asset growth rate (ATG), and cumulative stock return
in the previous six months (RET(—1,—6)) as alternative sorting variables. The four stock
return predictors can predict subsequent dividend strip returns in the same direction
of prediction on stock returns. The five-factor model performs the best in explaining
variations in dividend strips of stocks with different characteristics, which indicates that

the superior performance of the model is not specific to dividend strips sorted by historical



dividend premium. Dividend strip returns associated with different sorts share common
exposures to risk factors other than the market risk which are well captured by the

profitability factor and the investment factor.
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Chapter 1

Introduction

This thesis examines the risk and return properties of individual companies’ short-term
dividend strips synthetically replicated from individual equity options in the U.S. market.

Studying the pricing of dividends is important in light of the essential roles that div-
idends play in the financial market. Cash dividend is an essential way for companies to
distribute cash flows to stockholders despite the growing popularity of alternative payout
policies like stock repurchases (Julio and Ikenberry, 2004; Michaely and Moin, 2019). For
investors in the U.S., dividends contribute to over one-third of the total return on equity
(Fama and French, 2007) and account for a large and growing proportion of personal
incomes (Lu and Karaban, 2009).

According to the present value model, a stock’s price is equal to the sum of present
values of all future dividends from that stock (Gordon, 1962). A stock can be considered
as a portfolio of dividend strips, which entitle investors to dividends paid during some fi-
nite periods. Analogous to zero-coupon bonds, dividend strips contain information about

the discount rate of equity at different horizons. Therefore, studying how dividend strips
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are priced can improve our understanding of how stock price is formed.

Studying risk and return properties of dividend strips is a straightforward practice if
prices of equity cash flows at different horizons are available. Due to the lack of such
data in the past, the literature on equity valuation has been focusing on studying the
dynamics of the value of a stock as a whole. Recently, with the development of the equity
derivative market and the introduction of new financial assets like dividend derivatives,
investors can trade dividends directly in the market, and researchers have access to prices
of dividend strips with different maturities. To better understand how stock price is
formed, the literature moves towards to investigate the pricing of individual dividends
paid over different horizons. van Binsbergen, Brandt and Koijen (2012) use options on
the S&P 500 index to calculate prices of dividend strips that pay dividends only in the
near future and show that the short-term asset earns a higher return than the underlying
index on average. They find that though the short-term index dividend strip has a posi-
tive market beta, its average return is still too high to be explained by the Capital Asset
Pricing Model (CAPM). Introducing the size factor (SMB) and the value factor (HML)
as in Fama and French (1993) hardly helps to explain the high average near-term equity
risk premium. van Binsbergen, Brandt and Koijen (2013) use index dividend futures and
Cejnek and Randl (2016) use index dividend swaps to examine the pricing of short-term
index dividend strips and find similar results.

The current literature about dividend strips focuses on the market level. To better un-

derstand how short-term equity cash flows are priced, it also stands to examine dividend
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strips of individual stocks. First, dividends paid by individual stocks can be uncertain
and risky in the short run. Since the seminal paper of Lintner (1965) which uses a partial
adjustment model to study corporate payout policies and documents that managers prefer
to maintain a stable dividend policy, the literature has assumed that companies’ dividend
policies are conservative and there is little uncertainty about dividends paid by individual
companies in the short run. However, several recent studies challenge this dividend stick-
iness assumption by showing that managers will cut dividends when faced with dividend
constraints (Kim, Lee and Lie, 2017) and will increase dividends as earnings increase
substantially (Lie, 2005). Besides, Bilinski and Bradshaw (2015) document an increasing
availability of analyst forecasts of quarterly dividends, which indicates investors’ growing
demands for explicit forecasts on dividends due to variable dividend payments of indi-
vidual firms in recent years. To measure the degree of uncertainty of dividend payments
from quarter to quarter, I compute the root mean squared error of quarterly dividend
surprises proxied by actual quarterly dividend growth rate or by analyst dividend fore-
cast error of dividends in the next fiscal quarter. Contrary to the assumption of dividend
stickiness, the variability of dividend payments is high on average, suggesting that there
are significant deviations between realized dividends in the next quarter and anticipated
levels. The high average quarterly dividend uncertainty at the firm level may command a
dividend premium, which will affect the pricing of claims on quarterly dividend payments
from individual stocks. Second, the market of single stock dividend futures is growing

rapidly, suggesting increasing interests in trading individual dividends independent of un-
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derlying stocks and greater exposures to dividend risks of investors (Manley and Mueller-
Glissmann, 2008). Studying how individual dividends are priced can help investors make
better portfolio decisions and manage dividend risks. Third, studying risk and return
properties of short-term cash flows of individual stocks is essential for understanding how
prices of individual stocks are formed. Cash flows at different horizons of individual com-
panies should be discounted at appropriate discount rates reflecting risk profiles of cash
flows with different maturities. Discounting short-term cash flows of individual stocks at
the same discount rate will result in misvaluation if there are cross-sectional differences
in risk exposures of near-term dividend payments from individual firms (Ang and Liu,
2004). Finally, Manley and Mueller-Glissmann (2008) suggest that the high risk premium
of short-term dividend strips synthetically replicated by index dividend derivatives may
be due to the excess supply of dividend risk as banks issue high volumes of structured
products most often linked to equity index to retail and institutional investors and need
to buy index dividend swaps to hedge their long index dividend risk exposures. Claims
on index dividends can be replicated by a weighted portfolio of dividend strips of indi-
vidual stocks, which are less likely to be affected by selling pressures. Thus, studying the
pricing of the aggregate dividend strip made up of individual dividend strips can help us
understand whether the high average return of near-term dividend strip at the market
level is due to imbalanced demand and supply of dividend risk.

Studies on how individual dividends are priced in the cross section of companies are

very few. This thesis contributes to the literature by investigating the risk and return
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properties of claims on near-term dividends at the firm level and aims to answer three re-
search questions. First, is there a difference between the return of market dividend strips
and the return of dividend strip aggregated from dividend strips of individual stocks? Sec-
ond, do returns on near-term dividend strips vary across individual stocks? And third, if
there are cross-sectional variations in returns on dividend strips, whether the variations
in returns can be explained by rational asset pricing. Several recent papers also examine
the pricing of single cash flows with different maturities separately at the firm level. To
estimate returns on short-term cash flows of individual stocks, prior studies usually use
historical accounting or equity market data and have to make assumptions on processes
of expected dividend growth rates and/or stochastic discount factors. This paper differs
from other studies in the computation of prices of claims on near-term single cash flows.
I use data on individual equity options to calculate prices of individual dividend strips, so
the identification of returns on short term cash flows does not rely on additional assump-
tions but only requires the absence of arbitrage opportunities. Another advantage of using
options data is that options prices contain forward-looking information about underlying
stocks. Besides, options written on individual stocks have relatively high liquidity, and a
large and growing fraction of listed stocks have options traded on them over time.

As in van Binsbergen, Brandt and Koijen (2012), T use equity options to create divi-
dend strips of individual stocks synthetically. One can replicate the payoff of a dividend
strip by trading a portfolio made up of the underlying stock, put and call options written

on the stock and risk-free bonds. Specifically, a strategy of selling a put option, buying
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a call option and buying a risk-free bond (with the face value equal to the strike price
of the pair of options) replicates the ex-dividend payoff of the underlying stock at the
maturity date of the options. Since an investment in the strategy above is not entitled to
dividends paid during the life of the options, while an investment in the actual stock is,
the difference between the value of the actual stock and the value of the strategy is the
price of the future dividend. According to the put-call parity no-arbitrage relation (Stoll,
1969), the price of the future dividend, or option-implied dividend (DI) as the price is

inferred from options prices, is given by:
DI=S+P—C—Ke, (1.1)

where S is the price of the stock, P and C' are prices of put and call options with strike
price K and time to maturity 7, and R/ is the continuously compounding risk-free rate.
One thing to note is that the put-call parity relation only holds exactly for European-style
options, while individual equity options in the U.S. market are American-style options.
Therefore, the option-implied dividend is biased by the differences between early exercise
premiums (EEP) of put and call options. As discussed later, I adjust the early exercise
premiums in the options-implied dividends and find that adjusting EEP does not change
the empirical results.

I examine the how prices of short-term dividend strips are formed both at the aggre-
gate level and in the cross section of individual firms. For the marker level, I construct a

dividend strip of the market by aggregating dividend strips of individual stocks and find
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that the aggregate dividend strip has risk and return properties similar to those of index
dividend strips documented by prior studies. Average quarterly return of the aggregate
dividend strip is 4.62%, higher than the average quarterly return on the S&P 500 index
(2.53%) during the sample period from January 1996 to December 2017, indicating that
the high average return on short-term equity cash flows is not specific to indexes and
cannot be fully explained by index-linked structured products issuers’ demands for hedg-
ing dividend risk. The CAPM cannot explain the high average return of the aggregate
dividend strip, as the CAPM beta of the near-term asset is low and the CAPM-alpha is
significantly positive. I also examine whether multi-factor asset pricing models, includ-
ing the Fama and French (1993) three-factor model (FF3), the Carhart (1997) four-factor
model (FFM4), and the Fama and French (2015) five-factor model (FF5), which introduce
portfolio-based risk factors other than the market risk, can help improve the description
of the high near-term risk premium at the aggregate level. The aggregate dividend strip
has positive loadings on the value, investment, and profitability factors. The alphas rela-
tive to the FF3 and the FFM4 are still significantly positive, while the alpha relative to
the FF5 becomes insignificant, suggesting that the FF5 performs the best in explaining
returns on the short-term asset at the market level.

Then I examine dividend strip returns across individual stocks. The average return
on individual dividend strip is 3.12% per quarter, with a first quartile of —13.07% and a
third quartile of 19.69%, indicating significant cross-sectional variations in returns on div-

idend strips among individual firms. I further study what may explain the cross-sectional
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variations in returns on individual dividend strips. To mitigate the noises in the returns of
dividend strips based on individual equity options prices, I use a portfolio-based approach.
Specifically, at the end of each quarter, dividend strips are sorted into five portfolios by
the average price-normalized dividend premium in the previous four quarters (DP), where
the price-normalized dividend premium is defined as the difference between the present
value of the realized dividend and the option-implied dividend divided by current stock
price. DP is an ex-ante measure of dividend risk premium. A high normalized dividend
premium indicates that investors pay a low price and ask for a high premium for the right
to get a stock’s dividend. The portfolio with the highest and lowest historical normalized
dividend premium earns a quarterly value-weighted average return of 11.91% and —2.87%.
The spread between the quarterly returns of the two portfolios is 14.78% and is highly
statistically significant.

In a rational asset pricing framework, cross-sectional variations in asset returns should
be associated with different exposures to systematic risks. I aim to explain the cross-
sectional variations in returns on individual short-term assets by differences in risk ex-
posures to asset pricing factors under the four asset pricing models. To this end, T use
a rolling window of five-year quarterly returns to estimate the beta coefficients with re-
spect to different risk factors. Portfolios sorted by historical dividend premium have very
different exposures to risk factors. Portfolios with high (low) returns on dividend strips

are associated with high (low) market betas. For the characteristic-based risk factors

other than the market risk, returns on portfolios with high DP behave more like returns
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on stocks with high book-to-market ratio, large firm size, high profitability, conservative
investment and high past return, and vice versa for portfolios with low DP. The results
from the Fama and MacBeth (1973) cross-sectional regressions show that the market risk
is significantly positively priced in the cross section of individual dividend strips. How-
ever, the average regression intercept of the CAPM is still significantly positive. The
GRS (Gibbons, Ross and Shanken, 1989) test rejects the CAPM model to describe av-
erage returns of the five portfolios sorted by DP with a p-value of 0.003. Introducing
the size, value, and momentum factor improves the description of dividend strip returns,
as suggested by the higher p-values of the GRS (1989) test on the three-factor and the
four-factor model. Adding RMW and CMA produces less significant regression intercepts
with smaller absolute values, and the GRS (1989) test fails to reject the five-factor model
with a p-value of 0.123. The superior performance of the FF5 is also supported by the
fact that the FF5-alpha has the smallest magnitude and least statistical significance for
the aggregate short-term dividend strip.

In addition to dividend risk premium, other factors like short-sale constraints of un-
derlying stocks and early exercise premiums in American-style options prices can make
the actual stock price and the American-style option-implied ex-dividend stock price dif-
ferent. Option-implied dividends can be overestimated and returns on dividend strips
can be underestimated if stocks are subject to short-sale constraints, resulting in a posi-
tive relation between normalized dividend premium and future dividend strip return. To

address this issue, I do a double-sorting analysis by first sorting stocks based on the per-
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centage of institutional holding (PIH), which is a proxy for short-sale constraint, and then
sorting stocks based on historical dividend premium. Within each PIH group, average
returns on dividend strips still increase with historical dividend premium and portfolios
in the fifth quintiles of DP significantly outperform portfolios in the first quintiles of DP,
while return differences across PTH groups are not significant, suggesting that short-sale
constraints do not drive the variations in returns on dividend strips. The results of the
cross-sectional regressions and the GRS (1989) test indicate that the FF5 is superior in
explaining variations of dividend strips returns, similar to results for the portfolios sorted
by historical dividend premium only. Using the 25 double-sorted portfolios as testing
portfolios in the Fama and MacBeth (1973) cross-sectional regressions, I find that the
market risk, HML, RMW, and CMA carry significantly positive risk premium in the cross
section of individual short-term dividend strips.

I conduct a battery of robustness checks and additional analysis on the main results.
First, since DI is obtained from market options prices, it may be subject to measurement
errors or microstructure noises in the market. To investigate the information contents of
option-implied dividends (DI), I look at the dynamics of DI around announcement dates
of four significant changes in dividend policies of Apple Inc. and General Motor Company.
I find that changes in dividend payments have been picked up by dividends implied from
options prices before the changes in dividend policies are announced. Before Apple Inc.
publicly announced its decision to initiate dividends in 2012 and the decision to increase

dividends in 2013, DI has been increasing higher than historical dividends, which suggests

10



CHAPTER 1. INTRODUCTION

that option traders have anticipated the dividend initiation and the dividend increase in
light of the company’s high profitability and large cash holding. Before General Motors
Company cut quarterly dividends in 2006 and suspended dividends in 2008, DI has been
decreasing lower than historical levels, as option traders expected dividends to decrease
in view of the company’s deteriorating financial performances. The four examples pro-
vide preliminary evidence that option-implied dividends incorporate information about
future dividends. I also use a regression approach to examine the predictability of DI for
future dividends formally. For a given stock, I regress its dividend change (normalized
by quarter-end stock price) in the next quarter on normalized option-implied dividend
change at the end of this quarter. For over 70% of individual stocks in the sample, the
coefficient on the option-implied dividend change is significantly positive, suggesting that
option-implied dividends significantly predict actual dividend changes and that option-
implied dividends indeed contain information about future dividends.

Second, I do the empirical analysis for a subsample of dividend payers, which are
companies that have ever paid a positive regular cash dividend in the previous five years.
Companies that paid dividends in the past are likely to continue dividend payments in
the future, and vice versa for dividend nonpayers. Thus, the cross-sectional variations in
dividend strip returns may be driven by differences between dividend payers and nonpay-
ers. I find that average returns on dividend strips also vary substantially among dividend
payers and the five-factor model can well describe average dividend strip returns of this

subsample of stocks, so the main empirical results are not merely driven by differences in

11
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dividend policies of companies.

Third, regarding the issue of early exercise premium, the American-style option im-
plied dividend is underestimated (overestimated) if EEP of a call option is higher (lower)
than EEP of a put option. To deal with this issue, I use a simple method to adjust for
EEP in prices of American-style options. OptionMetrics uses the Cox, Ross and Rubin-
stein (1979) binomial tree model and the most recent announced dividend to compute
the implied volatility of American options. Since the binomial tree takes the possibility
of early excise of options into account, the implied volatility calculated by OptionMetrics
has been adjusted for EEP. I substitute the implied volatility from OptionMetrics and the
most recent historical dividend into the Black and Scholes (1973) option-pricing formula
to calculate prices of options as if they were European-style options and calculate divi-
dends implied from the hypothetical European options prices. The main results do not
change after DI is adjusted by EEP. T also use an alternative simulation-based approach
under the Heston (1993) stochastic volatility model and use the average option-implied
dividend as a proxy for expected dividend to deal with the concerns that the Black and
Scholes (1973) model may misprice options and that historical dividends may not incor-
porate investors’ most recent expectations for future dividends. This more sophisticated
approach gives very similar estimates of EEP of call and put options, and the differences
in differences of EEP of calls and puts are not correlated with prices of individual dividend
strips, the ex-ante measure of short-term dividend risk premium or short-sale constraints

of underlying stocks, suggesting that the results of sorting portfolio analysis will be similar

12
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under the two approaches to estimate EEP.

Finally, T examine the cross-sectional differences in returns on dividend strips of
stocks sorted by four equity characteristics, book-to-market ratio (BM), operating prof-
itability (OP), total asset growth rate (ATG) and cumulative return in the previous six
months (RET(—1,—6)), which are documented by prior studies to predict subsequent
cross-sectional stock returns (Fama and French, 1992, 2015; Titman, Wei and Xie, 2004;
Jegadeesh and Titman, 1993). Dividend strips of value stocks, profitable stocks, stocks
with conservative investments, and past winners earn significantly higher returns than div-
idend strips of growth stocks, unprofitable stocks, stocks with aggressive investments and
past losers, and the differences in portfolio returns are not driven by short-sale constraints
of underlying stocks. The five-factor model can well explain cross-sectional variations in
dividends strips with different sorts, as evidenced by the small and insignificant average
regression intercepts from the cross-sectional regressions and the high p-values of the GRS
(1989) test on the model. The results indicate that the superior performance of the FF'5
is not specific to portfolios sorted by ex-ante dividend risk premiums. Dividend strip re-
turns associated with different sorting variables seem to share common exposures to risks
in addition to the market risk, which are well captured by the profitability factor (RMW)
and the investment factor (CMA).

The rest of this thesis is organized as follows. Chapter 2 gives a review of related
literature. Chapter 3 presents data sources and summary statistics of the characteristics

of stocks in the sample. Chapter 4 examines whether dividends paid from individual firms
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are uncertain in the short run. In Chapter 5, I discuss how to estimate prices and returns
of individual dividend strips from market options prices. Chapter 6 and Chapter 7 ex-
amine risk and return properties and asset pricing implications of the dynamics of values
of the near-term claims at the aggregate level and across individual stocks. Chapter 8

conducts robustness tests. The final chapter concludes.
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Chapter 2

Literature Review

2.1 Aggregate Dividends

2.1.1 Importance of Dividends

Investigating how dividends are priced is an important research question in light of the
essential roles that dividends play in the financial market and the real economy. In the
U.S., dividends make a great contribution to the total return on equity investment and
are important sources of income for investors. Since 1926, dividends have represented
approximately one-third of the total return of the S&P 500 index (Fama and French,
2007). Over time, dividend incomes increase in proportion to increasing equity market
capitalization and account for a larger fraction of personal incomes in the U.S. market
(Lu and Karaban, 2009). Cash dividend is an important way for companies to distribute
cash flows to stockholders. The literature has documented the ‘disappearing dividends’
phenomenon in the U.S. market, which refers to the empirical findings of a dramatic de-
cline in the percentage of firms paying cash dividends (Fama and French, 2001) and of the

substitution of stock repurchases for dividends (Grullon and Michaely, 2002). However,
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recent studies find that the declining trend of dividends reverses significantly since the
21% century. Julio and Tkenberry (2004) find that after reaching its lowest level of 36%
in 1999, the percentage of dividend payers climbed back to 46% at the end of 2004, as
more U.S. companies initiated dividend payments. Michaely and Moin (2019) examine
the fraction of dividend payers in a more recent sample period and also find a rebound of
cash dividends starting around 2000 and continuing throughout 2016. Figure 1 shows the
time-series plot of the percentage of dividend-paying stocks of all firms listed on NYSE,
AMEX and NASDAQ (the black line) and of stocks traded on the three stock exchanges
with exchange-traded options (the blue line) in each quarter from 1996 to 2017. From
1996 to 2000, the fraction of dividend payers of all listed firms decreased from 34% to
30%, and the decline was more dramatic for stocks with options (from 48% to 32%).
After 2000, for both samples, the proportion of dividend payers grew steadily. During the
subprime crisis from 2007 to 2009, a large number of firms omitted dividend payments,
but the percentage of dividend payers recovered soon after the crisis and reached to about
45% at the end of 2017. The disappearing and reappearing of cash dividends over time
suggest uncertainty in aggregate dividends and that cash dividend remains an important

payout policy for companies.
2.1.2 The Pricing of Index Dividend Strips

Dividends are essential constitutes of equity. Studying the pricing and return of dividend
strips can provide information about the way the total value of equity is formed. How to

discount future cash flow is an important question in finance. The present value model
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says that the current price of a financial asset is equal to the sum of present values of
all future cash flows generated by the asset at different horizons. For example, the price
of a bond is equal to the sum of present values of coupons paid at different dates and
the principal of the bond repaid at the bond maturity date. According to the law of
one price, the price of a bond should be equal to the sum of the value of bond strips
which are zero-coupon bonds with various time-to-maturities. Any mispricing should be
arbitraged away quickly. Similarly, a stock’s price is equal to the sum of present values of
all future dividends from that stock paid at different times. Analogous to a bond, a stock
can be considered as a portfolio of dividend strips, which are claims on single dividends
paid during finite periods. Dividends paid at different horizons contain information about
the term structure of expected dividend growth rate and equity risk premium. Therefore,
studying separate cash flow strips of financial assets can help us understand investors’ risk
preferences and the endowment process at different horizons (van Binsbergen, Brandt and
Koijen, 2012) and provide information incremental to those contained in prices and re-
turns of aggregate equity cash flows.

Returns of fixed income securities with different time-to-maturities, often referred to
as the term structure of interest rate, have been extensively studied in the bond pricing
literature. In contrast, the equity valuation literature has been focusing on studying the
dynamics of the value of a stock or an equity index as a whole. One reason for the lack of
research about dividend strips is a lack of relevant data in the past. Unlike treasury strips

with various time-to-maturities, there is not a spot market to trade dividends directly,
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so current prices of future dividends are not observable. Early studies about the term
structure of equity use cross-sectional returns of stocks with different cash flow growth
rates or risk exposures to examine properties of short-term and long-term equity cash
flows. This indirect approach to inferring properties of cash flows at different horizons
is subject to the problem that the results depend on the assumptions made about cash
flow growth rates. Recently, with the development of the equity derivative market and
the introduction of dividend derivatives, researchers can obtain prices of dividend strips
directly. There are two ways to trade dividends in the market. First, dividend derivatives
(i.e., dividend futures and dividend swaps) allow investors to trade dividends directly.
Since around 2000, there emerged an over-the-counter market of dividend derivatives,
and later some contracts became exchange-traded.! Alternatively, dividend strips can be
replicated using equity options or futures. van Binsbergen, Brandt and Koijen (2012) are
the first to use options on the S&P 500 index to replicate short-term dividend strips that
pay dividends in the near future and examine properties of the short-term assets. They
find that compared to the underlying index, the short-term assets earn higher average
returns and have higher volatility. Though the short-term assets have positive loadings
on market excess returns, suggesting that short-term equity cash flows share general in-

formation with long-term equity cash flows, alphas relative to the Capital Asset Pricing

!Dividend derivatives have been traded over-the-counter since early 2000, and the most popular div-
idend contracts are index dividend swaps. Dividend derivatives were first traded on exchange in 2002
in South-Africa. Eurex launched dividend futures on the Dow Jones Euro index in 2008. NYSE Liffe
launched futures on the FTSE100 dividend index in 2009. According to the factbook of Eurex, open
interests and trading volumes of the Dow Jones Euro index dividend futures have been increasing sig-
nificantly since the launch, and the success of this product led to the subsequent launch of dividend
derivatives based on major equity indexes of various markets, including the FTSE 100, the S&P 500, the
Nikkei 225 and other equity indexes.
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Model (CAPM) is still significantly positive. The Fama and French (1993) three-factor
model which adds the size factor (SMB) and the value factor (HML) slightly helps ex-
plain the high average risk premium of near-term cash flows, mainly due to a positive
slope coefficient on HML. However, the improvement is limited as the FF3-alpha remains
significantly positive. van Binsbergen, Brandt and Koijen (2013) use dividend futures of
major equity indexes to study near-term dividend strips in the U.S., Europe and Japan
market and have similar findings. Cejnek and Randl (2016) use index dividend swaps to
construct short-duration assets in four markets. They also find that the short-duration

investment strategy outperforms the equity index on a risk-adjusted basis.

2.2 Dividends Paid by Individual Firms

2.2.1 Dividend Stickiness

Existing literature on the pricing of short-term equity cash flows usually focus on index
dividends, while only a few papers examine properties of separate cash flows for individ-
ual firms. One reason for the lack of such studies is that the literature generally believes
that dividends paid by individual companies are sticky in the short run. Lintner (1965)
observes that managers believe that investors put a premium on stocks with stable divi-
dend payments. When setting dividends in a quarter, managers use the dividend of the
previous quarter as a benchmark and try to avoid dividend changes. He proposes a par-
tial adjustment model in which managers set a target payout ratio and adjust dividends

continuously towards this target ratio. Since the seminal work of Lintner (1965), the liter-
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ature has assumed that dividends are sticky and that such a conservative dividend policy
will result in little uncertainty about dividends paid by individual companies in the short
run. Several recent papers challenge this view by showing that dividend policies are more
flexible in recent years. For example, Brav, Graham, Harvey and Michaely (2005) adopt
the partial adjustment model of Lintner (1965) on a cross section of individual companies
and find that the median target ratio and adjusted-R?* of the regression model decreases
over time, indicating a deterioration of performances of the model and that target payout
ratios no longer play a central role in making dividend policies. Among the 384 financial
executives surveyed in the study, 45% of them claim that they are flexible in pursuing
dividend goals and 12% of them do not have a target dividend at all, suggesting that
dividend policies are more flexible in recent years. Some papers show that companies will
change dividends in response to changes in earnings quickly. In his paper, Lintner (1965)
concedes that “stockholders would understand and accept the cut in dividends in the
face of any substantial or continued decline in earnings.” Consistent with this view, Lie
(2005) finds that companies cut dividends when there is a substantial concurrent decline
in earnings in a fiscal year and increase dividends when there is a concurrent positive
shock to operating incomes. Kim, Lee and Lie (2017) find that when facing dividend
constraints, companies are more likely to cut dividends than to manipulate earnings to
avoid dividend cuts. Guttman, Kadan and Kandel (2010) find that the probability that a
company keeps dividends constant in the next year conditional on the company changed

dividends in the last year is 16%, and they conclude that a large proportion of dividend
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payers do not engage in the dividend smoothing practice. Bilinski and Bradshaw (2015)
find that during the sample period from 2000 to 2012, 62% of U.S. dividend payers in-
crease dividends and 11% of them cut dividends from last fiscal year. They argue that
the variability of dividend payments can reduce investors’ reliance on historical dividends
as a benchmark for future dividends and can increase their demands for explicit dividend
forecasts. Consistent with this conjecture, they document that from 2001 to 2012, the
percentage of dividend payers with analyst dividend forecasts increase from 3% to 96%,
suggesting that analysts provide more information about future dividends in response to
increasing demands on such information of investors. The uncertainty about dividend
payments in the short-run from individual stocks may comprise dividend risk premium
at the firm level, which will affect the pricing of short-term dividend strips of individual

companies.

2.2.2 The Market for Trading Individual Dividends

Investigating the pricing of claims on dividends at the firm level is of interest as investors
have increasing interests in trading dividends of individual stocks. In addition to the rising
of the market for index dividend derivatives, single stock dividend derivatives also gain
popularity among investors as attractive investment vehicles. Major investment banks
have traded single stock dividend risk since 2015. Trading individual dividend strips
expands investment opportunities and can provide further diversification opportunities
for investors (Manley and Mueller-Glissmann, 2008). Besides, individual dividend strips
enable investors to have exposures to individual cash flows linked directly to a company’s
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income statement of a specific maturity without having exposures to the underlying risk,
which should appeal for fundamental investors who can forecast future cash flows at
specific horizons and for institutional investors with a stream of liabilities at specified times
like pension funds. Eurex introduced single stock dividend futures in 2010. At the end of
2018, the products are traded on around 150 largest companies in Europe and the U.S.
market, with an average daily volume of over 27,092 contracts. As trading claims on single
cash flows of individual companies becomes popular, investors have growing exposures to
uncertain dividend payments of individual firms caused by time-varying capabilities and
propensities to pay dividends. Studying the pricing of individual dividend strips can help
investors better manage dividend risk down to a corporate level.

Studying the pricing of individual dividend strips can help us understand whether
the high average return of index dividend strip documented by prior studies is due to an
imbalance in demand and supply of dividend risk. The empirical finding that risk premium
is higher in the short run than in the long run is puzzling since many leading asset pricing
models suggest the opposite. There is a rapidly growing literature that aims to explain
the high near-term risk premium.? Manley and Mueller-Glissmann (2008) suggest that a
possible reason for the high average return on index dividend strip is the excess supply
of dividend risk of banks, which have started issuing high volumes of structured products
often linked to an equity index since 2000 and need to sell index dividend strips to hedge

their exposures to dividend risks. Dividend strips of equity indexes can also be replicated

2van Binsbergen and Koijen (2017) comprehensively summarizes potential explanations for an average
downward-sloping term structure of equity.
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by a weighted portfolio of individual dividend strips, which are less likely affected by
such selling pressures. Investigating the pricing of the dividend strip aggregated from
individual dividend strips can provide a robustness check on whether the high dividend

premium at the market level is due to the excess selling pressure of dividend risk.

2.2.3 The Pricing of Individual Dividend Strips

The growing popularity in dividend stripping among investors and increasing interest in
studying the pricing and return of single cash flows of index equity at different maturities
in the equity pricing literature spur recent studies to estimate and examine returns of
dividend strips of individual stocks. Studying how single cash flows at different maturities
of individual stocks is essential to understand the formation of prices of equity at the firm
level. Ang and Liu (2004) show that using constant discount rates of near-term and long-
term cash flows when the term structure of equity is actually not flat can lead to severe
misvaluations of individual stocks.

Several recent papers examine the pricing of near-term cash flows of individual firms.
To study separate cash flows of individual stocks, some papers use historical financial
statements information or equity market data and usually make assumptions about the
cash flow process and discount rate process. For instance, assuming that both returns
on equity and expected stock returns follow mean-reverting processes and using a log-
linearization approach, Lyle and Wang (2015) develop a stock price valuation model in
which expected return is a function of book-to-market ratio and return on equity. Using

historical accounting and stock return data, they estimate the expected holding period
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return of individual firms at different horizons and find the expected returns can predict
cross-sectional future stock returns. A potential problem of such an approach to estimate
return on single cash flows is that results depend on the assumptions made about the
cash flow process and discount rate process. More recently, several papers use derivative
data to examine the risks and returns of claims on near-term cash flows of individual
companies. Callen and Lyle (2019) use options written on individual stocks in the U.S.
market to estimate the term structure of implied cost of capital at the firm level, and
they find that option-implied cost of capital can predict future stock return and earnings
announcement premium. They document cross-sectional differences in the term structure
of implied cost of capital: firms that have higher beta, lower profitability and more growth
opportunity have a more upward-sloping term structure. Their estimation of the term
structure of equity needs specifying a functional form for the stochastic discount factor
and thus is not fully model-free. Besides, they not only use options data but also use
historical equity market data to estimate the expected correlation between individual
stock return and market portfolio return. In a recent paper by Gormsen and Lazarus

(2019), they use single stock dividend futures to examine returns on dividend strips of
individual firms up to five years during a sample period from 2010 to 2018. Although the
market for single stock dividend futures is developing rapidly, the market is still young
and their sample only covers about 150 firms with very large market capitalization.They
do not find significant cross-sectional variations on near-term dividend strips among their

sample of stocks. Clara (2018) uses individual equity options in the U.S. market to
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estimate near-term and long-term market betas of individual stocks. He finds that the
slope of the term structure of beta can positively predict future stock return and is a
priced factor in the cross section of stock returns, even after controlling for the level of

term structure and for Fama and French (1993) three risk factors.

2.3 Incremental Contributions

This thesis is different from prior studies and contributes to the literature in several ways.
First, contrary to the assumption made by prior literature, I document considerable vari-
ability in dividends from quarter to quarter of individual stocks. The uncertainty of
dividend payments at the firm level suggests that in addition to studying the pricing of
near-term dividend strips at the aggregate level, it also stands to examine the pricing of
claims in dividends at the corporate level.

Second, this study provides a model-free approach to calculate prices and returns of
near-term dividend strips of individual firms. To calculate prices of individual dividend
strips, I only use individual equity options data but not historical data on firm fundamen-
tals or past equity market data. Using options data has the advantage that options prices
contain forward-looking information about the underlying stocks. Another advantage of
using options data is that the market of exchange-traded individual equity options is more
developed and liquid than the market of other derivatives in the U.S., and the proportion
of listed stocks with options traded is large and growing over time. Besides, the approach

to compute dividend strip prices from options data only requires no-arbitrage relations.
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It does not rely on a specific model and is free from assumptions on the process of cash
flows or discount rates. This model-free approach presents its own issues that the esti-
mated prices of dividend strips can be contaminated by early exercise premiums (EEP)
of American-style options and short-sale constraints of underlying stocks (Ofek, Richard-
son and Whitelaw, 2004). I do robustness checks to alleviate the effects of these issues
and find that the main empirical results are not significantly affected after controlling for
short-sale constraints and adjusting for EEP. In short, this paper provides a model-free
approach to directly and reliably estimate price and return on cash flow at a particular
maturity date for individual stocks.

Third, the option-implied dividend is the present value of the expected future dividend
and is determined by the expected dividend growth rate and dividend risk premium. Prior
studies estimate expected dividends from options prices and find that option-implied divi-
dends can predict realized dividends (Bae-Yosef and Sarig, 1992; Fodor, Stowe and Stowe,
2017; Kragt, 2017). However, no existing study has considered individual option-implied
dividend as a measure of the price of dividend. This paper complements the literature by
showing that individual equity options prices also contain information about near-term
dividend risk premiums of individual firms.

Next, this study is the first to document that returns on near-term dividend strips vary
across stocks and that the variations in returns are driven by differences in risk exposures
of near-term cash flows. The findings suggest that variations in returns on the short-end

of the term structure of equity across stocks may also contribute to cross-sectional vari-
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ations in stock returns and that it is important to estimate a term structure of equity at
the firm level.

Finally, this thesis confirms and provides a possible explanation for the high average
return on index dividend strips documented by prior studies. The dividend strip aggre-
gated from individual dividend strips also earns an average return higher than that of the
equity index, ruling out the possibility that the high average return on the short-term
asset synthetically created from equity derivatives is simply driven by selling pressure of
dividend risk. Prior studies about the pricing of dividend strips at the market level find
that the CAPM has difficulty in explaining the average return on short-term assets, and
that introducing the size factor (SMB) and the value factor (HML) as in the Fama and
French (1993) three-factor model (FF3) does not produce improvements, leaving the high
average return on short-term claims a puzzle. Consistent with the finding of prior studies,
I also find that the CAPM and the FF3 are incomplete descriptions of returns on short-
term dividend strips, both at the aggregate level and in the cross section of individual
stocks. I investigate whether the Carhart (1997) four-factor model which adds the mo-
mentum factor (UMD) and the Fama and French (2015) five-factor model which adds the
profitability factor (RMW) and the investment factor (CMA) are better descriptions of
average returns on near-term dividend strips. The results from asset pricing tests indicate
that the five-factor model can well explain the average return on the aggregate dividend
strip and the cross-sectional differences in returns on dividend strips of individual stocks,

suggesting that RMW and CMA may help explain the high near-term equity premium
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at the market level. Besides, if an asset pricing model is correctly specified, the model
should be able to describe returns on all assets at all maturities. Using the individual
dividend strips as testing portfolios for asset pricing models complements existing studies

about the performances of models in describing asset returns.
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Data and Sample

The sample of this study includes common stocks listed on NYSE, AMEX or NASDAQ
during the sample period from January 1996 to December 2017 with options traded on
the stocks. Stocks that have prices lower than $5 at the quarter end are excluded from
the sample. Monthly data of individual companies are obtained from the Center for Re-
search in Security Prices (CRSP). CRSP also provides data on the amount, frequency of
payments, ex-dividend date and announcement date of cash dividends. However, CRSP
does not provide information about dividend announcement date if a firm does not pay a
cash dividend in a given quarter. In this case, I use the earnings announcement date as
the dividend announcement date for the firm in that quarter. Annual and quarterly infor-
mation about financial statements is obtained from CRSP/Compustat Merged database.
Daily option data, including closing bid and ask options price, open interest, trading vol-
ume, strike price, maturity date and implied-volatility, are obtained from OptionMetrics.

OptionMetrics also provides continuously compounded risk-free interest rates at different
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maturities.> Data on institutional holdings are obtained from the Thomson Financial In-
stitutional Holdings (13F) database. Stocks that cannot be matched with the companies

in the database are assumed to have zero institutional holdings.

|Insert Table 1 here|

During the sample period, in total, there are 8,355 unique individual stocks that can
be matched with exchange-traded options. On average, in a quarter, there are 2,385
stocks in the sample. The upper part of Panel A of Table 1 reports summary statistics
of characteristics of underlying stocks with options traded. For easy comparison with the
full sample of stocks listed on the three major stock exchanges, the lower part of Panel
A reports summary statistics of characteristics for the full sample of stocks. Statistics
are computed across stocks in each quarter, and the table reports time-series averages
of statistics. Equity characteristics are computed following prior literature. Firm size
is the product of stock price per share and total number of shares outstanding at the
end of June in a year. Stocks in the sample have an average logarithm of firm market
capitalization (LogSIZE) of 20.97, higher than the average firm size of the full sample of
stocks (average LogSIZE is 19.55), indicating that stocks with options traded tend to be
large firms. Book-to-market ratio (BM) is the ratio of the book value of common stocks
for the fiscal year ending in the last year over the market value of equity at the end of

December of last year. Stocks in the sample have an average BM of 0.57, which is lower

3The interest rate provided by OptionMetrics is a zero curve derived from LIBOR rates of the British
Bankers’ Association (BBA) and settlement prices of Chicago Mercantile Exchange (CME) Eurodollar
futures.
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than the mean value of BM (0.69) for the full sample of stocks. The lower mean value of
BM suggests that stocks with options tend to be growth firms. Investment is measured
as the annual growth rate in total assets (ATG) from the fiscal year ending in the year
before last year to the fiscal year ending in the last year. Stocks with options traded
have an average ATG of 24%, higher than the average ATG of 19% for the full sample of
stocks. Operating profitability (OP) is equal to annual revenues minus cost of goods sold,
interest expense, and selling, general, and administrative expenses divided by the book
value of equity for the fiscal year ending in the last year. Stocks in the sample are on
average more profitable (average OP is 31%) than the full sample of stock (average OP
is 17%). Average compounding return in the past six months (RET(—1,—6)) of stocks
with options traded is 7.66%, higher than mean RET(—1,—6) of all listed stocks (6.79%),
indicating that stocks in the sample tend to be past winners. As in Nagel (2005), I use
the percentage of institutional holdings (PIH), which is equal to the sum of stock holdings
of all reporting institutions for a stock in a quarter divided by the stock’s total number of
shares outstanding at the end of that quarter, as a proxy for short-sale constraint. The
lower the PTH, the greater the short-sale constraint is. On average, 66% of shares of stocks
in the sample are held by institutional investors, while the full sample of stocks have an
average PTH of 46%, suggesting that stocks with options traded have lower short-sale
constraints.

At the end of each quarter, I compute cross-sectional Pearson correlations between

each pair of stock characteristics and report time-series averages of the correlations in
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Panel B of Table 1. Average correlations between all pairs of variables for the sample
with options traded (reported in the upper part) have the same signs with the counter-
parts for the full sample of listed stocks (reported in the lower part). For both samples,
stock characteristics have strong correlations with each other, except for the correlation
between ATG and OP for the full sample of stocks, which is insignificantly negative. The
results show that LogSIZE is on average positively correlated with ATG, OP, RET(—1,—6)
and PTH, while is on average negatively correlated with BM, consistent with the results
reported in Panel A that stocks with options with larger firm sizes have higher ATG, OP,
RET(—1,—6), PIH and lower BM than the full sample. Consistent with the finding in
Fama and French (2015), BM has negative associations with OP and ATG, suggesting
that value stocks tend to have weaker profitability and more conservative investments than
growth stocks. The negative relation between BM and RET(—1,—6) indicates that value
stocks tend to be past losers. On average, ATG is negatively correlated with OP and RET
(—1,—6), suggesting that firms with aggressive investments tend to have weaker profitabil-
ity and earn lower historical returns. Profitable stocks tend to outperform unprofitable
stocks in the last few months, as evidenced by the positive correlation between OP and
RET(—1,—6). Institutional holdings are strongly correlated with equity characteristics.
PTH is positively correlated with LogSIZE, ATG, OP and RET(—1,—6) and is negatively
correlated with BM, indicating that institutional holders tend to hold stocks with large
market capitalization, high asset growth rate, robust profitability, high historical return

and low book-to-market ratio.
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Uncertainty of Individual Dividends

Empirical findings of recent studies suggest that contrary to the widespread belief of
smoothing dividends in the short run, there is considerable variability in dividend pay-
ments at the corporate level. In this section, I examine how uncertain quarterly dividends
of individual companies are. The uncertainty of quarterly dividends is measured by the
degree of deviation of realized dividends from expected dividends. Investors’ expecta-
tions of dividends in the next quarter are not directly observable. I use either historical

dividend or analyst consensus forecast on dividend as a proxy for expected dividends.

4.1 Variability of Dividends: Naive Model

The ‘Naive Model’, which assumes that investors expect the dividend to be paid in the
next quarter to remain the same as the dividend paid in the last quarter, is commonly
used by the literature to measure dividend surprises. I first follow the literature and use
the historical dividend to measure the expected dividend.

During the sample period from January 1996 to December 2017, 9,182 stocks listed on
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the three stock exchanges have ever paid a positive regular cash dividend,* among which
4,796 stocks have options traded. Among 608,729 quarterly cash dividends of the full
sample of dividend payers, 29.75% of quarterly dividends represent an increase compared
to the dividend paid in the same quarter of last fiscal year, and quarterly dividends are
reduced in 13.61% cases. For the sample of dividend payers with options traded, the
frequency of quarterly dividend changes is higher while the frequency of dividend cut is
lower. For the stocks with options, 46.12% of the 287,319 quarterly dividend payments
constitute a change in the amount of dividend, with dividend increase nearly four times
(35.23%) as often as dividend decrease (10.90%). The results indicate that dividend
changes are not rare events for individual companies.

I use the root mean squared error (RMSE) of quarterly dividend growth rate to mea-
sure the extent of variability of dividend payments. In a quarter ¢, for a stock ¢ that
has ever paid a positive cash dividend during the sample period, I calculate its quarterly

dividend growth rate, gfj’i, as the percentage change of quarterly dividend:

gt = 1, (4.1)

where D} is the dividend per share of stock i in quarter ¢ and D;_, is the dividend
per share of stock i in the previous fourth quarter.® Quarterly dividends are compared

with quarterly dividends paid in the same fiscal quarter in the previous year to diminish

4To reduce effects of extreme values, special dividends, which account for less than 0.5% of all dividend
announcements, are excluded from the sample.

®In case of monthly dividend frequency, the quarterly dividend D} is equal to the sum of monthly
dividends paid in that quarter. In case of semi-annual or annual dividend frequency, Df] is equal to half
of the semi-annual dividend or a quarter of the annual dividend.
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seasonality in quarterly dividend payments. Note that the equation only applies to cases
when the historical dividend D},_, is positive. In case that both the current dividend D;_,
and the historical D _, are zero, the quarterly dividend growth rate is equal to zero.® For
stocks with at least 12 quarters of observations, I compute the root mean squared error
(RMSE) of quarterly dividend growth rate, RMSE(g%?), which is the square root of the
time-series average squared dividend growth rate,” to measure the uncertainty of quarterly

dividends of the stock 3.
[Insert Table 2 here]

Panel A.1 and A.2 of Table 2 report the summary statistics of quarterly dividend
growth rate and its root mean squared error across all stocks listed on NYSE, AMEX
and NASDAQ (8,571 stocks in total) and the sample of stocks with options traded (4,388
stocks in total). For the quarterly dividend growth rate, I first compute its time-series
average for each stock, and the table reports cross-sectional distributions of the average
dividend growth rate. The quarterly dividend growth rate (g¢) is on average positive
for both samples of stocks. Quarterly dividend payments of the sample with options
grow faster (mean value of g¢ = 2.02%) than the full sample of stocks (mean value of g¢
= 1.17%). On average, individual stocks’ variability of quarterly dividend growth rate

(RMSE(g?)) is 31.85%. There is cross-sectional dispersion in dividend uncertainty. The

6The dividend growth rate cannot be calculated in cases of dividend initiations since the actual divi-
dend is positive while the last dividend is zero. Excluding dividend initiations will lead to underestimation
of the variability of dividend payments.

"I assume that investors’ expected dividend growth rate is zero. I also use average quarterly dividend
growth rate in the previous three years as an alternative proxy for expected dividend growth rate and
find qualitatively similar results.
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stock in the 25" percentile has a RMSE(g?) of 16.33% while the stock in the 75" per-
centile has a RMSE(g?) of 52.10%. Distributions of RMSE(g?) are similar among stocks
with options traded, with the mean value of RMSE of dividend growth rate slightly lower
(mean value of RMSE(g9) = 28.64%) than that of the full sample. The high average
variability of quarterly dividend growth rate indicates large magnitudes of changes in div-
idend payments from quarter to quarter and suggests considerable uncertainty in quarterly

dividend payments of individual companies.

4.2 Variability of Dividends: Analyst Forecast

While the ‘Native model’ is commonly used in the literature, some studies find that
historical dividend is not a good proxy for investors’ expected dividends because the
model does not incorporate the market’s most recent expectations since the last dividend
payment (Yoon and Starks, 1995). Bae-Yosef and Sarig (1992) show that actual changes
in dividends are not correlated with the market’s responses to dividend announcements.
Another estimate of expected dividend is the average analyst dividend forecast. Andres,
Betzer, van den Bongard, Haesner and Theissen (2013) document significant stock price
reactions to dividend surprises measured as the difference between the actual dividend
and consensus analyst dividend forecast. After controlling for analyst dividend surprise,
they find no significant relation between actual dividend changes and abnormal stock
returns around dividend announcements, suggesting that analyst dividend forecast is a

better measure of expected dividend than historical dividend. In the U.S. market, analyst
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forecasts for quarterly dividends have been available since 2001, and the proportion of
companies with dividend forecast is growing rapidly over time. Data on actual dividends
and analyst consensus forecasts are obtained from the Institutional Brokers’ Estimate
System (I/B/E/S). From 2001 to 2017, analysts provide forecasts on quarterly dividends
for 4,867 stocks in total. Since the number of stocks with dividend forecasts is too small
in 2001, I use a sample period from 2002 to 2017.

For a firm 7 that announces an actual dividend per share in a fiscal quarter g, Dfl, I
use the last consensus® forecast on dividend per share for the next fiscal quarter? made by

analysts prior to the announcement of dividend payments to measure expected dividend,

dyi

Eq1(D}). Analyst dividend forecast error, el is measured as:

gii = Da = Ea(Dy). (4.2)
/ Eq—l(Dé)

The equation only applies when a forecast dividend per share is positive. In case that
both the actual dividend and the forecast dividend are zero, the dividend forecast error
is zero. To ensure that dividend forecasts reflect the most recent information, I exclude
observations when no analyst forecasts are available one month preceding dividend an-
nouncements. The sample only includes stocks covered by analysts for at least 12 quarters.
The requirements reduce the final sample to 4,655 stocks, among which 3,984 have options
traded. For each stock 2 meeting the requirements, I calculate the root mean squared an-

alyst dividend forecast error, RMSE(e??), which is the square root of time series average

8Consensus forecast is a simple average of dividend forecasts made by all analysts. I also use the
median of dividend forecast and find similar results.
9Forecast Period Indicator is 6.
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squared dividend forecast error, to measure its variability of dividend payments.

Prior studies find that firm size is an important determinant of analyst following
(Barth, Kasznik and McNichols, 2001). To compare the sample with and without analyst
following, I compute summary statistics of the mean and RMSE of quarterly dividend
growth rate for the sample of stocks covered by analysts during the sample period from
2002 to 2017 and report the results in Panel A.3 and A.4 of Table 2. Compared with the
full sample of listed stocks, stocks followed by analysts have a higher average dividend
growth rate (mean value of g¢ = 2.26%). The average RMSE of dividend growth rate for
listed stocks with analysts following is 29.82%, lower than the counterpart value for the
all listed stocks, suggesting that analysts on average tend to cover stocks with relatively
less variable dividend policies.

Panel B of Table 2 reports distributions of time-series average of analyst dividend fore-
cast error and root mean squared analyst dividend forecast error across all stocks covered
by analysts and for the subsample of stocks with options traded. For both samples, the
mean values of dividend forecast errors are positive, suggesting that on average, analysts
make conservative estimates of future dividends. The average root mean squared dividend
forecast error, RMSE(e?), is 26.31%, for the full sample. The first and third quartiles of
RMSE(e?) are 9.44% and 45.43%, respectively, which indicates that the accuracy of div-
idend forecast varies across stocks. Results are similar when the sample is reduced to
stocks with options traded, with the average RMSE(e?) slightly lower that of all stocks

covered by analysts. The high average variability of dividend forecast error demonstrates
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difficulty in accurately forecasting dividend payments in the next quarter.

In short, I find that on average there is considerable uncertainty in quarterly dividend
payments at the firm level when the expected dividend is measured either by historical
dividend or by consensus analyst dividend forecast and that there is cross-sectional disper-
sion of dividend uncertainty among individual stocks. Investors’ exposures to uncertain
dividend payments in the next quarter should be compensated by dividend risk premium,
which will affect the pricing of claims on near-term dividends of individual stocks. In
the following chapters, I use the put-call parity relation to compute prices of individual
dividend strips from individual equity options and examine the risk and return properties

of the short-term assets at both the aggregate level and the firm level.
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Chapter 5

Research Methodology

5.1 Option-Implied Dividend

Suppose that a stock ¢ pays quarterly dividends at the end of each quarter. Let D;H
be the cash dividend of the stock ¢ to be paid in the next quarter ¢ + 1 and DIfZ is the
price of the dividend in the next quarter at the end of this quarter ¢q. 97.5% of dividend
payers in the sample pay quarterly dividends. In case that a stock pays monthly dividends
(0.64% of the sample), the unknown dividend in the next quarter is defined as the sum
of the three nearest unknown monthly dividend payments. In case that a stock pays
semi-annual or annual dividends (0.97% and 0.88% of the sample, respectively), quarterly
dividends in fiscal quarters with no dividends are assumed to be announced as zero on
earnings announcement dates in that quarter. Special dividends (0.02% of the sample)
are excluded. Since the Options Clearing Corporation (OCC) adjusts options strike prices

for extraordinary dividends,'® options prices should not contain information about special

10Before February 15 2009, dividends greater than 10% of the value of the underlying stock triggers an
option contract adjustment, so dividends with an amount higher than 10% of stock prices are excluded.
After February 15* 2009, ordinary dividends are defined as "cash dividends declared pursuant to a policy
or practice of paying such dividends on a quarterly or other regular basis". From then on, the OCC

40



CHAPTER 5. RESEARCH METHODOLOGY

dividends.

Prices of dividend strips can be calculated either from futures or options on underlying
stocks. I use individual equity options because the options market of individual stocks is
more developed and liquid than the futures market in the U.S.. In the absence of arbitrage
opportunities, the put-call parity relation for European-style options should hold (Stoll,

1969), and the price of the dividend strip at the end of quarter ¢ is given by:
i _ pi i i RiT
DI, = P(T,K)+ S, — Co(T, K) — Ke™7, (5.1)

where P(T, K) and C.(T, K) are mid prices of put and call options written on the un-
derlying stock ¢ with strike price K and maturity date T at the end of quarter g, Sé is
quarter-end closing price of the stock , Rg; is the continuously compounding risk-free rate
at the quarter end, and 7 = T'— ¢ is the time to maturity of options. For a pair of options
which mature on a given date, the appropriate risk-free rate should be the one of the
risk-free bond with a maturity date equal to that of the options. In case that the risk-free
rate for a given option maturity is not available, I linearly interpolate between the two
risk-free rates with closest maturities. The no-arbitrage relation shows that a dividend
strip can be synthetically replicated by buying a put option, writing a call option, buying
an underlying stock, and borrowing cash.

For a stock 7 at the end of a quarter ¢, I select pairs of call and put options that meet

the following criteria. To ensure that options have relatively high liquidity, only near the

adjusts extraordinary cash dividends with an amount of at least $12.50 per contract. After the new
dividend adjustment policy is adopted, I exclude dividends with a CRSP dividend code 1272 and with a
size of at least $0.125.
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money (0.8 < K/S < 1.2) and short-to-intermediate time-to-maturity options (20 < 7 <
180) options are used. Closing bid and ask prices of options should be at least $0.5, and
closing bid price should be positive. I also require options to have positive open interests
and valid implied-volatility. Besides, options should not violate the no-arbitrage bounds

for American-style options (Guo and Su, 2006):
CiT, K) + K™ < PIT,K) + S} < CHT, K) + K + PV,(Di.,). (5.2)

The left inequality imposes that the option-implied dividend is non-negative. The right
inequality ensures that the option-implied dividend is bounded from above to avoid arbi-
trage opportunities.'! The choice of the maturity date of options is important. For a stock
at the end of a quarter, I use the stock’s cash dividend history to forecast its ex-dividend
dates of future dividends. Options should mature after the expected ex-dividend date
of the first unknown quarterly dividend but before the expected ex-dividend date of the
second unknown quarterly dividend. Thus, during the life of the options, the underlying
stock only has one cash dividend payment, and the synthetic dividend strip created from
the options entitles investors to and only to the nearest uncertain dividend. In case that
an option expires after ex-dividends of announced dividends, present values of announced

dividends are subtracted from the option-implied dividend. The option pricing date should

HSGince the dividend to be paid in the next quarter ¢ + 1 is unknown at the end of this quarter ¢, I
simply use the most recently announced dividend to estimate it. Other approaches to estimate Df] 41 for
calculating the upper no-arbitrage bound do not change the empirical findings. The estimated price of
an individual dividend strip can be close to zero, and return on a dividend strip can be very high. To
mitigate noises in the estimation of prices of individual dividend strips, I only use the prices of synthetic
dividend strips with a quarterly return lower than or equal to 300%. Increasing the upper bound of
return to 500% or 1000% does not change the empirical results.
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be earlier than the dividend announcement date for the next not yet announced dividend
so that the actual dividend amount is uncertain, and the option-implied dividend at the
quarter end contains dividend risk premium information. Among options that meet all
the filtering criteria above, I select the most at-the-money pair of put and call options
(i.e., K/S ratio closest to 1). The most at-the-money options have relatively high liq-
uidity. Besides, individual equity options traded in the U.S. market are American-style
options, so the option-implied dividend is biased by the difference between early exercise
premium (EEP) of put and call options. Using the most at-the-money options mitigate
errors in the price of dividend strip due to EEP because EEPs of at-the-money put and
call options have similar magnitudes and tend to offset each other. In case that multiple
pairs of the most at-the-money options are available, I choose the pair of options with

time-to-maturities closest to 90 days.

[Insert Table 3 here]

Table 3 reports characteristics of individual equity options used to replicate claims on
near-term dividend payments of individual companies in the sample. As I restrict options
to near-the-money and short-to-intermediate maturity options, the average K/S ratio is
close to 1.00 and options have an average time to maturity (7) of 90 days. The average
implied volatility (IV) is 49%. Open interest (OI) and daily trading volume (VOL) are on
average 911 contracts and 45 contracts, respectively, and both variables are right skewed.
Though the mean values are not low, quite a portion of options have zero daily trading
volumes or low open interests. The low liquidity of some options presents the issue that
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option-implied dividend may be contaminated by errors and noises in the options market
and may not reflect option traders’ most recent expectations about future dividends. To
address this concern, I use specific examples to examine information contents of option-

implied dividends.

5.2 Examples of Changes in Dividend Policies and In-

formation Contents of Option-Implied Dividends

Option-implied dividend (DI) is equal to the present value of the expected dividend and
is determined by options traders’ expectations on the future dividend and dividend risk
premium. I take four specific dividend events, (1) the dividend initiation in 2012 and
(2) the dividend increase in 2013 of Apple Inc., and (3) the dividend cut in 2006 and
(4) the dividend omission in 2008 of General Motors Company, as examples to show that
dividends implied from options prices contain investors’ anticipations for future dividends

before announcements.
Apple Inc.’s Dividend Initiation in 2012

Apple Inc. began to pay quarterly dividends since 1987 while stopped dividend payments
in 1995. During the past two decades, the company has a rapidly growing business and
a record of continuous profitability over the years. At the end of 2011, Apple Inc. has
become one of the largest firms with a market capitalization of $377 billion and a giant
estimated cash holding of $80 billion, and the rumor was around that the company would

restart to pay cash dividends. On March 19" 2012, Apple Inc. stated its intention to
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initiate quarterly dividends from the fourth quarter of that year. On July 24" 2012, the
company announced that it would pay a quarterly dividend of $2.65 per share with an ex-
dividend date on August 9*" 2012. For each day from the last quarter in 2011 until the last
quarter in 2012, I calculate option-implied dividends from prices of pairs of options which
expired on July 20*" 2012 or on Oct 19*" 2012, and take a simple average of option-implied
dividends across strike prices to get a daily average option-implied dividend. Then for each
week, I calculate an average option-implied dividend by averaging daily option-implied
dividends in that week. Figure 2(a) shows the time-series plot of weekly average option-
implied dividends calculated from options with two different expiration dates 25 weeks
before and after the date of the public statement of dividend initiation in March 2012.
Before the company publicly stated its intention to initiate dividends, average implied
dividend had already increased from close to zero at the end of 2011 to about $0.5 per
share from options which expired on July 24" 2012 and to about $1 per share from options
which expired on October 19" 2012 as the statement date approached. The increasing
tendency of DI suggests that as new information arrived, investors’ anticipation for the
future dividend increased. Note that the dividend implied from options that matured
in the fourth quarter of 2012 is generally higher than it is implied from options that
mature in the third quarter of 2012 because investors expect more dividends to be paid
during a more extended time length. After the company publicly stated its intention
to initiate dividends from the fourth fiscal quarter, dividend implied from the option

expiring on July 24" 2012 decreased to nearly zero, indicating that investors were aware
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that dividend strips synthetically created from options expiring in July 2012 would not be
entitled to the cash dividend with an ex-dividend date in the fourth quarter of 2012. In
contrast, dividend implied from options expiring in late October 2012 gradually increased
from about $1 on the initial statement date to about $2.5 before the company announced
on July 24" 2012 that the exact ex-dividend date of the first cash dividend was August
9'h 2012. After the announcement date, the option-implied dividend was near the realized
amount of $2.65 per share and decreased to near zero after the ex-dividend date. The
results suggest that options prices had reflected investors’ anticipations of the dividend
initiation before Apple Inc. publicly stated it. The different patterns of dividends implied
from options with different maturity dates suggest that investors consider not only the

amount but also the timing of future dividends.
Apple Inc.’s Dividend Increase in 2013

After its dividend initiation in late 2012, Apple Inc. maintained a quarterly cash divi-
dend of $2.65 per share for three quarters. On April 23" 2013, the company announced
that starting from the second quarter in 2013, its quarterly dividend would increase to
$3.05 per share, with the first ex-dividend on May 9*" 2013. Figure 2(b) plots the time
series of implied dividends from prices of options which expired on July 19** 2013 from
the last ex-dividend date February 7" 2013 to one week after the ex-dividend date May
9th 2013. The plot shows that the option-implied dividend was initially around the level
of the last cash dividend ($2.65 per share), while about two weeks before the announce-
ment of dividend increase, the option-implied dividend gradually increased to about $3
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per share, suggesting that option-traders anticipated the dividend increase. Once the
new quarterly dividend was announced, there is a jump in option-implied dividend on
the announcement date, and the implied dividend remained close to the realized amount
until the ex-dividend date in May 2013.

The two examples of Apple Inc. show that options traders anticipate dividends to in-
crease when the company has robust profitability, and options prices incorporate investors’

expectations for future dividend increases.
General Motors’ Dividend Cut in 2012

Next, I examine whether options prices reflect decreases in dividends before announce-
ments, taking two dividend events of General Motors Company as examples. (General
Motors is one of the largest automakers in the U.S.. From 1997 to 2005, the company
paid a steady quarterly dividend of $0.5 per share. However, since 2003, General Mo-
tors was haunted by several recall scandals and was burdened by huge health costs for
retired employees, and its stock price dwindled from over $60 in early 2003 to under
$20 in early 2006. After years of financial losses and market share losses to Japanese
automakers, since 2006, General Motors began to carry out bold restructures of opera-
tions, which would require massive investments. To save costs, on February 7'" 2006, the
company announced that it would reduce quarterly dividends by half to $0.25 per share.
Figure 3(a) shows daily average dividend implied from options which expired on March
17% 2006 from the last ex-dividend date (November 8™ 2005) of the original dividend to

one week after the ex-dividend date (February 14" 2006) of the reduced dividend. The
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option-implied dividend remained close to the $0.5 per share since the last dividend was
declared. On January 28" 2006, General Motors announced a net loss of $4.8 billion in
the fourth quarter of 2005, which was its fifth consecutive quarterly loss, and a net loss
of $8.6 billion for the entire fiscal year of 2005, which was its first unprofitable year since
1992. After the earnings announcement, the option-implied dividend dropped to lower
than $0.3 per share, suggesting that option-traders lost faith in the company’s ability to
maintain the historical dividend in light of its substantial financial losses. General Motors
finally announced to cut its quarterly dividend by half on February 7*" 2006, and the
dividend implied from options were close to the realized dividend until the ex-dividend

date.

General Motors’ Dividend Omission in 2012

General Motors maintained a quarterly cash dividend of $0.25 per share from the first
fiscal quarter of 2006 to the second fiscal quarter of 2008. However, since the third fiscal
quarter of 2007, affected by the subprime crisis, the company posted four consecutive
quarterly losses and announced a plan to suspend its quarterly dividend on July 15
2008. T compute daily average dividend implied from options with an expiration date on
September 9" 2008 around the date when the intention to omit dividend was publicly
stated. As shown in Figure 3(b), before the dividend suspension was announced, there
was a gradual decline in option-implied dividends and a deep drop in implied dividends on
June 26" 2008, when the stock price of the company plumbed to its lowest level during the
past thirty years. After the company announced the dividend suspension, option-implied
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dividends dropped to around zero.
The two example of the General Motor illustrate that options traders expect decreases

in dividends when the company is faced with dividend constraints and weak profitability.

5.3 Return on Dividend Strip

Quarterly return on an individual dividend strip, ré 11, 1s equal to the payoff of the dividend
strip in the next quarter, xfﬁl, divided by the price of the dividend strip at the end this

quarter, DIg, minus 1:

, !
i q+1
ri.,=———1. 5.3
q+1 DI; ( )
For quarterly dividend payments, if the first unknown quarterly dividend is announced

in the next quarter ¢+ 1, the payoff of the stock i’s dividend strip is the realized dividend

payment, Dé 41, and the quarterly return on dividend strip is given by:

A Di
i q+1

pi, = oo (5.4)
1~ DI

In case that the first unknown quarterly dividend is not announced in the next quarter,
the quarterly return on stock ¢’s dividend strip is the percentage change in the value of

the dividend strip from the end of this quarter ¢ to the end of the next quarter ¢ + 1:

i DIy,

For stocks that pay monthly dividends, some of the three nearest not-yet-declared

monthly dividend payments may be announced in the next quarter while some may remain
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undeclared in the next quarter. In this case, the payoff of the dividend strip is made up of
two parts: the income component, which is any realized dividend(s) in the next quarter,
and the price component, which is the value of not-yet-declared dividend(s) at the end of

next quarter, and the return on the dividend strip is given by:

i _ Dy +DLy

r‘]‘f’l = DI; (56)

5.4 Summary Statistics of Prices and Returns of Indi-

vidual Dividend Strips

[Insert Table 4 here]

Table 4 tabulates summary statistics of annual dividend yield DY 41 = Dg41/S5, xXFR,
annual option-implied dividend yield IDY, = DI,/S, xFR, where FR is the frequency
of cash dividends paid in a year, annual dividend premium DP, defined as the difference
between realized and options implied annual dividend yield, and the quarterly return on
individual dividend strips. Panel A reports results for all stocks with options traded.
Stocks in the sample have an average annual dividend yield of 1.18%, higher than the
average annual option-implied dividend yield of 1.10%. Annual dividend premium is on
average 0.08%, indicating that investors on average ask for a positive risk premium on
claims on near-term dividends of individual companies. Dividend premium varies across
stocks: the average first quartile of DP is —0.72% and the average third quartile of DP is
0.90%. The average quarterly return on dividends trips of stocks in the sample is 3.12%,
with a first quartile and third quartile of —13.07% and 19.69%, respectively, suggesting
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that returns on short-term assets of individual stocks are high on average and that there
are substantial variations in dividend strip returns among stocks.

Since options traded on individual stocks in the U.S. are American-style options,
dividends implied from the put-call parity relation are contaminated by early exercise
premium (EEP). I substitute OptionMetrics implied-volatility and the most recently an-
nounced dividend into the Black and Scholes (1973) option-pricing formula to calcu-
late hypothetical European put and call options prices, and use the prices to calculate
EEP-adjusted option-implied dividends. Panel B of Table 4 reports time-series averages
of statistics of annual dividend yields, annual EEP-adjusted options-implied dividend
yields, annual EEP-adjusted dividend premium and EEP-adjusted return on dividend
strips across stocks for which valid EEP can be estimated.'? After adjusting for EEP,
the average IDY is 1.04%, lower than the average IDY without adjusting for EEP, and
the average quarterly return on dividend strips is 3.98%, slightly higher than the coun-
terpart without adjusting for EEP. Note that distributions of DY in Panel B are different
from those in Panel A because some stocks are removed from the sample due to the in-

consistently estimated EEP. To quantify the effect of EEP on option-implied dividends,

2When calculating implied volatility, OptionMetrics uses a proprietary algorithm to estimate the
frequency, timing, and amount of dividends. Specifically, OptionMetrics uses a stock’s cash dividend
history to forecast the timing of dividends paid during options lives and calculates a stock’s current
dividend yield, which is defined as the amount of most recently announced cash dividend divided by the
current, price of the stock. The current dividend yield is assumed to remain constant during the remaining
term of options. I follow the documentation from OptionMetrics to forecast future dividend payments
and substitute the present value of dividends into the Black and Scholes (1973) option-pricing formula.
However, my estimation of future dividends may not be exactly the same as theirs and thus may result
in inconsistency. I drop about 2% of the observations for which the EEP-adjusted options price is less
than half of the market price, or the estimated EEP is negative with a magnitude greater than 5% of the
market price.
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I compute the difference between IDY with and without adjusting for EEP within the
sample of stocks for which EEP can be estimated. On average, IDY decreases by 0.02%
after EEP is adjusted, which is consistent with the finding in prior studies that put op-
tions generally have higher EEP than call options do.!® Since the difference in IDY due
to EEP is small on average, suggesting that whether adjusting for EEP or not may not
matter significantly for the estimation of IDY and returns on dividend strips, in the main
empirical analysis, I do not adjust for EEP. In a section of robustness check, I repeat the
empirical analysis using EEP-adjusted option-implied dividends to ensure that the results
are robust after adjusting for EEP.

Panel C of Table 4 reports the results for a subsample of dividend payers, where divi-
dend payers are stocks that have ever paid a positive regular cash dividend in the past five
years. On average, dividend payers account for about half of the full sample of stocks with
options traded. For the sample of dividend payers, DY, IDY, DP, and quarterly return
on dividend strips are all higher than counterparts of the full sample. The ranges of these
variables are also greater, suggesting greater cross-sectional variations in the variables

among dividend payers.

3For example, during the sample period from April 2°¢ 1986 to June 20*" 1986 when CBOE concur-
rently listed European-style and American-style options on the S&P 500 Index, Dueker and Miller (2003)
compare differences between prices of the two types of index options and find that average early exercise
premiums range from 5.04% to 5.90% for call options and from 7.97% to 10.86% for put options.
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Return on Aggregate Dividend Strip

I first examine the pricing of shot-term dividend strips at the aggregate level. From the
prices of dividend strips of individual stocks, I calculate the price of dividend strip for
the aggregate market. Let DIZI4 be the price of the aggregate short-term dividend strip at
the end of quarter ¢g. It is equal to the sum of each stock’s product of number of shares
outstanding and option-implied dividend per share at quarter end. Since some stocks have
dividends announced while other stocks” dividends remain undeclared in the next quarter,
the payoff of the aggregate dividend strip has two components. The first component is the
realized dividend of the aggregate portfolio in the next quarter ¢ + 1, D;‘H, which is the
sum of products of number of shares outstanding and realized cash dividend per share of
stocks with the first unknown dividend announced in the next quarter ¢ + 1. The second
component is the value of the aggregate dividend strip at the end of quarter ¢+ 1, DI;‘H,
which is equal to the sum of products of number of shares outstanding and option-implied

dividend per share of stocks whose first unknown dividend is not yet announced in the

next quarter ¢ + 1. Thus, the aggregate dividend strip is a value-weighted portfolio of all
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individual dividend strips in the sample, and it entitles an investor to all dividends paid
from all stocks in the next quarter. Quarterly return on the aggregate dividend strip is
riy, = (DA, + DIZ,,)/ DI —1.

Figure 4 shows the time-series plot of prices of the aggregate short-term dividend strips
at quarter end and realized quarterly dividends of the aggregate portfolio in the next
quarter. During the sample period, there are two NBER recessions. The first recession
is the burst of the internet bubble, which occurred between March and November 2001,
and the second one is the U.S. subprime crisis, which occurred between December 2007
and June 2009. During the two recessions, dividend prices dwindled because during the

economic downturns expected dividend growth rate might decrease, and the discount rate

on cash flows was likely to increase.
[Insert Table 5 here]

Table 5 tabulates time-series statistics of quarterly returns on the aggregate near-
term dividend strip during the sample period from January 1996 to December 2017. The
aggregate dividend strip earns an average return of 4.64% per quarter, with a standard de-
viation of 15.22%. The average return on the aggregate dividend strip is a value-weighted
average of returns on individual dividend strips, which is higher than the equal-weighted
average return of individual dividend strip returns (reported in Panel A of Table 4), sug-
gesting that stocks with higher market values of claims on quarterly dividends have higher
returns on the short-term assets. During the same sample period, the mean and standard
deviation of quarterly return on the S&P 500 index are 2.53% and 8.07%, respectively.
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The results that the aggregate short-term dividend strip has a higher average return and
higher volatility than the S&P 500 index are consistent with those in van Binsbergen,
Brandt and Koijen (2012).1

Then, I test whether the high average return on the aggregate short-term asset can
be explained by well-known asset pricing models. For the CAPM, I use return on the
S&P 500 index as a proxy for return on the aggregate market portfolio, . Data on the
S&P 500 index are obtained from CRSP. T also look at whether the three multi-factor
asset pricing models, including the Fama and French (1993) three-factor model (FF3),
the Carhart (1997) four-factor model (FFM4), and the Fama and French (2015) five-
factor model (FF5), can better explain the high return on claim on aggregate short-term
dividends by introducing risk factors in addition to the market risk factor. The portfolio-
based risk factors are constructed from returns on stocks listed on the three major stock
exchanges'® and are obtained from Kenneth R. French’s website. The size factor (SMB),
the value factor (HML), the momentum factor (UMD), the profitability factor (RMW)

and the investment factor (CMA) are differences between the returns on diversified port-

!4yan Binsbergen, Brandt and Koijen (2012) find that during the sample period from 1996 to 2010,
index dividend strip with one-year maturity replicated from S&P 500 index options earns an average
monthly return of 1.16% (3.48% a quarter) with a standard deviation of 7.80% (13.51% a quarter), while
during their sample period, S&P 500 index earns an average quarterly return of 1.68%, with a standard
deviation of 8.10%.

5To construct HML, at the end of June of each year, all listed stocks are allocated into six SIZE-BM
portfolios using the NYSE median market capitalization breakpoints and NYSE 30" and 70*" percentile
book-to-market (BM) ratio breakpoints. HML is the average excess of the returns on the two high BM
portfolios minus the returns on the two low BM portfolios. RMW and CMA are constructed in a similar
way, except that the second sorting variable is operating profitability (OP) or annual total asset growth
rate (ATG). UMD is also formed similarly, except that the factor is updated monthly and that the second
sorting variable is cumulative stock return in the prior 2-12 months. SMB is the average excess of the
returns on the nine big stock portfolios with different levels of BM, OP and ATG minus the returns of
nine counterparts portfolios with small firm sizes.
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folios of stocks with small and large firm size, high and low BM, high and low return in the
past one year, robust and weak profitability, and conservative and aggressive investment,
respectively. During the sample period from 1996 to 2017, all the portfolio-based factors
have positive mean values. Small firms, value stocks, past winners, profitable stocks and
high investment stocks outperform large stocks, growth stocks, past losers, unprofitable
stocks and low investment stocks by 0.58%, 0.64%, 1.13%, 1.14% and 0.72% per quarter,
respectively.

To test the models’ ability to explain returns on the aggregate near-term dividend
strip, for each model, I run a full sample time-series regression of the aggregate dividend
strips’ excess return, ffﬂ, on contemporaneous quarterly risk factors f,41, where f,.; —
7y (excess return on the S&P 500 index) for the CAPM, f, = [F7",, SMBy 11, HMLg 4]
for the FE3, fo11 = [77h 1, SMBgi1, HMLg 1, UMD, 4] for the FEM4, and f,1 = |77},
SMB,1, HML 41, RMW, 1, CMA ;4] for the FF5. Panel B of Table 5 reports the inter-
cepts and the slope coefficients on risk factors and associated t-statistics and adjusted-R?
of the four full-sample time-series regressions. The aggregate short-term asset has a mar-
ket beta, 3™, of 0.29, which is not statistically significant (¢-stat = 1.43). The excess
return on the aggregate dividend strip relative to the CAPM, o™ is 3.50%, statistically
significant with a t-statistic of 2.11. The results indicate that CAPM fails to explain
the high average return on the aggregate short-term asset. For the multi-factor models,
the alpha relative to the Fama and French (1993) three-factor model (a*¥F3 = 3.15%) is

smaller than it is for the CAPM, mainly due to the significantly positive loading on HML
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(A" = 0.57, t-stat = 2.27). The slope on the size factor is insignificantly positive (34
= 0.22, t-stat = 0.85). The positive coefficient on HML seems to be consistent with the
duration-based explanation of the value premium. If value stocks have more cash flows
loaded in the short-run than growth stocks, returns on value stocks should covary more
with returns on short-term aggregate equity cash flows. However, the alpha relative to
three factor model is still high and has a ¢-statistic close to 2 (t-stat = 1.91), indicating
that value premium only partially explain the high average return on the aggregate div-
idend strip. The results are in line with those documented by prior studies using index
derivatives, and the consistent results suggest that short-term dividend strip at the index
level and the one aggregated from individual companies have similar risk properties.
Adding the momentum factor provides slight improvement, as evidenced by a smaller
and less significant risk-adjusted return on the aggregate dividend (a®FF™M* — 2.64%,
t-stat = 1.77). The aggregate short-term asset also have a positive loading on the prof-
itability factor (84" = 0.30, t-stat = 1.76) and a positive loading on the investment factor
(B4 = 0.57, t-stat — 2.30). The alpha relative to the five-factor model is 2.29%, with a
t-statistic of 1.19. The results indicate that three multi-factor models are better than the
CAPM at explaining the high expected return on the aggregate dividend strip. Among the
multi-factor models, the Fama and French (2015) five-factor model performs the best. A
possible reason for the superior performance of the five-factor model in explaining returns
on claims on dividend payments is the close relations between profitability, investment,

and dividends. Fama and French (2001) find that profitability and investment are im-
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portant determinants of dividends. They document that firms with high profitability
and low investments are more likely to pay dividends, and find that an important reason
for the 'disappearing dividend’ phenomena from 1978 to 1999 is that publicly listed firms

tilted towards firms with low profitability and high investments during that sample period.
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Chapter 7

Pricing of Dividend Strips in the Cross

Section

7.1 Portfolio Sorting

The previous section examines the properties of the short-term dividend strips at the
aggregate level. In this section, I examine the risk and return properties of dividend
strips across individual stocks. To mitigate noises in returns on dividend strips replicated
from individual equity options, I use a portfolio-based approach by first sorting stocks
based on ex-ante short-term dividend risk premiums and then calculating subsequent
realized portfolio returns. I use the normalized dividend premium to measure short-term
dividend risk premium, which can separate stocks with high returns on dividend strips
from those with low returns on dividend strips ex-ante. The annual normalized dividend

premium of a stock ¢ in a quarter ¢, DPf], is given by:

PV,(Di,,) — DI
5

DP! = x FR’, (7.1)
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where D), is the realized cash dividend from stock 7 in quarter ¢ + 1, PV,(D},) is the
value of the cash dividend paid in the next quarter discounted at the risk-free rate to the
end of quarter ¢, and DIf] is the price of Dfl +1 implied from prices of options written on
the stock at the end of quarter q. Sé denotes the price of stock ¢ at the end of quarter q.
FR' is the frequency of stock i’s dividend payments. Normalization of nominal dividend
premium by stock price makes dividend premium comparable across stocks with different
magnitudes of dividends.'® Stock i’s annual normalized dividend premium DP?I of quarter
q is computed as following. For each stock ¢ in each day t in a quarter ¢, I use pairs of
options written on the stock that meet the filtering criteria to compute option-implied
dividends and then take an average of option-implied dividends across strike prices to

7
q,t>

get a daily option-implied dividend, DIfN. Daily dividend premium, DP! ., is equal to
the difference between the present value of the realized dividend and daily average DI
normalized by the daily closing price of the stock. Within a quarter ¢, daily average
normalized dividend premium is averaged across days to calculate normalized dividend
premium in that quarter, DPf]. Finally, to smooth out noises in option-implied dividends
and unexpected components of realized dividends, I take a simple average of quarterly
dividend premium in the previous four quarters to compute the historical normalized
dividend risk premium:

R

; DP!_

DP, = Y —"*L. (7.2)
j=1

16An0ther‘ approach of normalization is to divide the nominal dividend premium by option-implied
dividend DI;. However, DI; can be very close to zero, so I normalize dividend premium by the stock
price.
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At the end of a quarter ¢, stocks in the sample are sorted into five portfolios by historical
dividend premium.!'” Stocks in portfolio 1 (5) have the lowest (highest) historical dividend
premium. Panel A of Table 6 tabulates stock characteristics of five portfolios sorted by
DP. Several stock characteristics are correlated with dividend premium. Stocks with high
historical dividend premium tend to have larger firm size (LogSIZE). Book-to-market ratio
(BM) and operating profitability (OP) increase from portfolio 1 to portfolio 5, suggesting
that high dividend premium stocks tend to be value stocks and high profitability stocks.
Total asset growth rate (ATG) decreases with historical dividend premium, suggesting
that stocks with high dividend premium have conservative investments. Average stock
return in the previous six months (RET(—1,—6)) is highest (lowest) for the portfolio with
the highest (lowest) dividend premium, indicating that past winners have higher dividend
premium than past losers. For each portfolio, I calculate its stock retaining ratio (RR),
which is the proportion of stocks sorted into a portfolio at the end of quarter ¢ — 1 and
remain in the same portfolio at the end of quarter g. The two extreme portfolios have an
average RR of 92% and 95%. Average RRs of the three middle portfolios are lower than
those of portfolio 1 and 5, but they are still around 80%. The high average RRs indicate
that stocks with high historical dividend premiums in one quarter tend to have a high

dividend premium in the next quarter and that the portfolios have low rebalancing rates.

[Insert Table 6 here]

Tshort-sale constraints of underlying stocks can affect the calculation of option-implied dividend and
dividend premium. short-sale constraints should be most pronounced during the subprime crisis from the
third quarter of 2008 to the second quarter of 2009. To mitigate the effects of short-sale constraints, for
this period, I sort stocks by historical dividend premium calculated at the end of the second quarter of
2008, and portfolios are not re-balanced during the period.

61



CHAPTER 7. PRICING OF DIVIDEND STRIPS IN THE CROSS SECTION

The put-call parity no-arbitrage relation can be violated due to short-sale constraints
of underlying stocks. For example, Ofek, Richardson and Whitelaw (2004) find that vi-
olations of the put-call parity relation are related to costs and difficulty of short selling.
In particular, investors can buy a put option or short a call option when the underlying
stock is overpriced. If the options market and the stock market are not fully integrated
and options traders are more sophisticated investors, the negative information about the
underlying stock will be incorporated into options prices faster than it is incorporated into
the stock price, and market stock price will be higher than price of stock synthetically
created from pairs of options. Thus, option-implied dividends may be overstated due to
the difficulty of short-selling in the stock market, and dividend premium will be under-
stated. If a stock has more severe short-sale constraints, the price of its dividend strip can
be more overstated and its dividend premium and return on individual dividend strip can
be more understated. Thus, the positive relation between DP and subsequent return on
dividend strips may be driven by differences in short-sale constraints of underlying stocks.

To see the potential effects of short-sale constraints on the results, I first look at the
relation between dividend risk premium and short-sale constraint, which is measured by
the percentage of institutional holding (PIH). Panel A of Table 6 shows that the five port-
folios sorted by DP have similar average PIH, suggesting that PIH is not correlated with
dividend premium and short-sale constraints may not be a big concern. To further address
the potential effect of short-sale constraints on returns of dividend strips, I do a double-

sorting analysis. Specifically, at each quarter end, dividend strips are first sorted by the
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underlying stocks’ PIH, and within each PIH group, dividend strips are sorted by DP.
Thus, DP-sorted portfolios have similar levels of short-sale constraints. Panel B of Table 6
reports the characteristics of stocks in the 25 portfolios sorted by PIH and DP. The stock
characteristics across DP-sorted portfolios have similar patterns to those of five portfolios
sorted by DP alone. Within each PTH portfolio, logSIZE, BM, OP, and RET(—1,—6)
increase from the portfolio with the lowest dividend premium to the portfolio with the
highest dividend premium, while ATG tends to decrease as DP increases. Stocks across
DP have similar average PIH, indicating a low correlation between short-sale constraints
and dividend premium. All 25 portfolios have average retaining ratios (RR) higher than
60%. Within each PTH group, RRs are higher for stocks with the lowest and highest
dividend premium than for stocks in the middle portfolios. Consistent with the finding
of Nagel (2005) that institutional holdings are positively correlated with market-to-book
ratio and lagged stock returns, Panel B of Table 6 shows that BM generally decreases
and RET(—1,—6) generally increases from portfolios with low PIH to portfolios with high
PIH, suggesting that institutional investors tend to hold growth stocks and past winners.
Besides, ATG, LogSIZE, and OP seem to be positively correlated with PTH, indicating
that institutional investors prefer to hold stocks with more aggressive investment, larger
firm size, and higher profitability. The relations between PIH and stock characteristics
are consistent with the average correlations between PIH and other variables reported in

Panel B.1 of Table 1.
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7.2 Returns on Portfolios of Dividend Strips

For a portfolio p at the end of a quarter ¢, I calculate the quarterly return on the portfolio
of dividend strips, 7,, = (D}, , + DI}, ,)/DI/,, — 1. The current value of the dividend
strip portfolio at the end of quarter ¢, DI}, is the sum of products of number of shares
outstanding and option-implied dividend per share of all stocks in the portfolio. The
realized dividend of the portfolio in the next quarter ¢ + 1, Df’; 41, is equal to the sum of
products of number of shares outstanding and realized cash dividend per share of stocks
in the portfolios with the first unknown dividend announced and paid in the next quarter
q + 1. The value of the dividend strip portfolio at the end of quarter ¢ + 1, DIf;H, is the
sum of products of number of shares outstanding and option-implied dividend per share
of stocks in the portfolio with the first unknown dividend not yet announced in quarter

q + 1. Thus, the quarterly return on the dividend strip portfolio p is a value-weighted

return on returns on individual dividend strips in the portfolio.®
[Insert Table 7]

Panel A of Table 7 reports time-series average quarterly returns on the five dividend
strip portfolios of stocks sorted by DP. Portfolios are rebalanced on a quarterly basis.
Average portfolio returns increase monotonically from low DP portfolio to high DP port-
folio. Portfolio 5 with the highest dividend premium earns an average quarterly return of

11.91% (t-stat = 4.60) and portfolio 1 with the lowest dividend premium earns an average

131 also calculate equal-weighted and total market capitalization-weighted average portfolio returns.
Results are qualitatively similar for different weighting methods.
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quarterly return of —2.89% (t-stat = —1.26). The return spread between portfolio 5 and
1 is 14.78% and is highly statistically significant (¢-stat = 4.53). The results indicate that
there are substantial cross-sectional variations in returns on short-term dividend strips
among individual stocks with different dividend risk premiums.

Panel B of Table 7 reports time-series average quarterly returns on 25 portfolios sorted
by PIH and DP. Within all five portfolios sorted by PIH, there is a strong positive rela-
tion between DP and subsequent quarterly return on portfolios of dividend strips: average
portfolio return increases monotonically from portfolios in the first quintile of DP to port-
folios in the fifth quintile of DP. The difference in returns of portfolios with extremely
high and extremely low DP tends to be greater among stocks with lower PIH, but return
spreads between the two extreme DP portfolios are statistically significant regardless of
institutional holdings of underlying stocks. For each DP portfolio, I aggregate dividend
strips across the five PTH portfolios and report the average returns of the five aggregate
portfolios at the bottom of the table. The five aggregate portfolios have different levels of
DP but have similar levels of PIH so that they can be considered as DP-sorted portfolios
controlling for short-sale constraints. Average returns of the aggregate portfolio 5 and the
aggregate portfolio 1 are 12.15% (t-stat = 5.29) and —3.59% (t-stat = —2.33), respec-
tively, and the return spread between the two extreme aggregate portfolios is 15.74% with
a t-statistic of 5.82, which is comparable to the return spread not controlling for PTH. In
contrast, there is no obvious relation between PIH and subsequent dividend strip returns.

If short-sale constraints drive the results, then dividend strips of stocks with lower PTH
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should earn lower returns due to the overestimation of prices of dividend strips. Within
the two portfolios with low DP, portfolio returns seem to decrease as PIH decreases.
However, within the three portfolios with mid and high DP, average returns are higher
for portfolios with lower PIH. In short, the cross-sectional differences in dividend strip
returns of individual stocks are robust after controlling for PIH and are not simply driven

by short-sale constraints of underlying stocks.

7.3 Risk Exposures

In a rational asset-pricing framework, expected returns on financial assets should vary
across different types of firms in a systematic way. A financial asset with a higher expected
return should be subject to a higher systematic risk, which is related to the covariance
between returns on the financial asset and stochastic discount factor. Measurements of
systematic risk are different in different asset pricing models. In the standard Capital As-
set Pricing Model (CAPM) (Lintner, 1965; Sharpe, 1964), the stochastic discount factor
is a linear function of the return on total wealth, which is often proxied by the return on a
market portfolio. The CAPM measures an asset’s systematic risk by its correlation with
the market portfolio, usually referred to as market beta. The more an asset’s return co-
varies with the market portfolio return, the higher the risk premium that investors ask on
the asset. Since the introduction of the CAPM, the literature on the pricing of equity has
examined the empirical validity of the asset pricing model in the real data. Prior studies

question the ability of the CAPM to explain cross-sectional stock returns. Many papers
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find that some stock characteristics can predict stock returns and differences in returns
on stocks sorted by the characteristics cannot be explained by the CAPM. The findings
suggest that CAPM is misspecified and that additional factors are needed to describe
expected stock returns. Motivated by the implication of the dividend discount model
and the empirical findings that the CAPM fails to explain the higher average returns of
small stocks and value stocks than those of large stocks and growth stocks (Banz, 1981;
Basu, 1983), Fama and French (1993) propose a three-factor model (FF3) which adds
two additional factors, SMB (small minus big) and HML (high minus low), to the market
factor in CAPM and find that the FF3 can better describe cross-sectional differences in
average stock returns than the CAPM. Carhart (1997) adds the momentum factor, UMD
(up minus down), to the three-factor model and finds the four-factor model (FFM4)
can better explain persistence in mutual funds performances. More recently, Novy-Marx
(2013) documents that profitable stocks earn significantly higher FF3-adjusted returns
than unprofitable stocks. Titman, Wei and Xie (2004) find that firms which aggressively
increase investments subsequently earn lower average returns and that the underperfor-
mance cannot be explained by the FF3, suggesting that the FF3 is an incomplete model.
Motivated by the evidence, Fama and French (2015) propose a five-factor model (FF5) by
introducing two more factors, RMW (robust minus weak) and CMA (conservative minus
aggressive), into their three-factor model, and find that the FF5 improves descriptions of
average returns across stocks. The asset pricing factors in addition to the excess return

on the market portfolio can be interpreted as proxies for state variables and latent risks
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not captured by the CAPM. Results for the dividend strip aggregated from all individual
dividend strips confirm the finding of van Binsbergen, Brandt and Koijen (2012) that
the CAPM and the FF3 cannot fully explain average returns on index dividend strips. I
examine whether the two models have difficulty in describing returns of dividend strips
across individual stocks as well and whether introducing other risk factors can improve
the description of average dividend strip returns.

In the absence of arbitrage opportunities, there exists a stochastic discount factor M
that can price all future cash flows. The value of the dividend strip portfolio p at the end
of quarter ¢, DI}, is equal to the expected payoff of the portfolio during the next quarter
q+1, xZ 41, discounted by the stochastic discount factor, based on the information set

available at the end of quarter ¢:
DIj = Ey(Mg12q41), (7.3)

where E,(-) denotes expectation conditional on information set at quarter ¢. The payoff
of the portfolio p, x’qjﬂ, is equal to the sum of realized portfolio dividend in quarter ¢+ 1,
D§+1> and the value of the dividend strip portfolio at the end of quarter ¢ + 1, DIZH'
Using the definition of covariance and substituting E,(M,41) = e R where R} is the

continuously compounding quarterly risk free rate, gives the equations:

DIg = EQ(MQ+1)EQ(:E(1+1) + Covq(Mq—i-la x§+1)7 (74)

)
= B (vy1)e e + Covy(Mgy1,7p41), (7.5)
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where Covy(Mgy1,2,,,) is the g-conditional covariance between the stochastic discount

p

factor, My, and the future payoff, ;.

The covariance represents a risk adjustment
term. A dividend strip whose payoff has a low covariance with the stochastic discount
factor performs badly in a bad state of economy when investors’ marginal utility is high
is less attractive and will sell for a lower price, reflecting a discount for its high systematic
risk. In contrast, a dividend strip with a high covariance with the stochastic discount
factor serves as a hedge for a bad economic state and investors ask for a lower risk

premium on such an asset. Dividing both side of the equation above by the current value

of the portfolio p, DI? |, we have:

Ey(ab,,)e " — DI ( 2, — DI?
— Covy My, —) (7.6)
DI? DI?
Ey(fgn) = _5§’M)\éw- (7.7)

ff]’ 41 is the return on the portfolio p of dividend strips in excess of the risk free rate. Bg’M
is the slope coefficient from a time-series regression of quarterly returns on the portfolio,
Ty 41, On contemptuous stochastic discount factor, M, ;. )\é” = Var,(M,41) is the price of
risk and is the same for all assets, where Var,(-) is ¢-conditional variance. Thus, differences
in expected returns of portfolios of dividend strips should be explained by differences in
the short-term assets’ exposures to risk factors.

Different asset pricing models approximate the pricing kernel M differently. I consider

four asset pricing models: the CAPM which ties the stochastic discount factor to the

return on the market portfolio, 77’ ; three multi-factor asset pricing models where the
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pricing kernel is a linear function of multiple factors. In the Fama and French (1993)
three-factor model, the asset pricing factors include the market risk (17" ,), the size factor
(SMB,+1) and the value factor (HML,;;) . The Carhart (1997) four-factor model includes
the three factors of Fama and French (1993) and the momentum factor (UMD, ) .
The more recent five-factor model of Fama and French (2015) adds two new factors, the
profitability factor (RMW ;) and investment factor (CMA,41), to the Fama and French
(1993) three-factor model. Substituting the pricing kernels into the equation above, we
have the following relations between expected excess return on a portfolio of dividend
strips and and the portfolio’s exposure(s) to risk factor(s) under the four asset pricing

models:

CAPM : E,(#,)) ="\, (7.8)
FF3 1 E (i) = B0A" + PN + S0P AL, (7.9)
FEM4 1 E () = BP™AT + BPSNS + BIAL 4 BEU AL, (7.10)
FFE5 © Ey(7h.y) = B0™AN 4 BPSNS + BEMAL + BPTAL + BReXC. (7.11)

ﬁgj is the g-conditional risk exposure of the portfolio p to a risk factor f, and )\Z; is the
g-conditional price of the risk factor f.

For a portfolio p in a quarter ¢, I estimate its risk exposures by running time-series
regressions of its quarterly return rf on the contemporaneous asset pricing factors in a

rolling window. Since the return on portfolios of dividend strips is quarterly return, I
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regress it on quarterly risk factors.!® There is a trade-off between a short and a long
rolling window to estimate risk exposures. On the one hand, a long rolling window which
includes more historical data enables us to estimate regression coefficients more precisely
and gives more reliable estimations of risk exposures. On the other hand, a short rolling
window that puts more weight on recent data can better capture recent information and
is more suitable for a conditional asset pricing model in which risk exposures can be
time-varying. To balance reliability and relevance of the estimation of conditional risk

exposures, I use a rolling window from 12 quarters to 20 quarters as available.?°
[Insert Table 8|

Panel A of Table 8 tabulates time-series averages of slope coefficients on risk factors and
Newey and West (1987) t-statistics adjusted for autocorrelation and heteroscedasticity for
five portfolios sorted by DP. For the CAPM, portfolios of dividend strips with different
levels of dividend premiums have different exposures to the market risk factor. Market
beta (5P™) increases monotonically as dividend premium increases. Portfolio 5 with
the highest DP have an average market beta of 1.68 (t-stat — 9.52), while portfolio 1
with the lowest DP has a negative market beta of —0.45 (t-stat = —4.99). The five
portfolios sorted by DP have different exposures to risk factors other than the market

risk factor. For the Fama and French (1993) three-factor model, returns of dividend

19Gtocks in a portfolio have different ex-dividend dates in a quarter, so the return on a portfolio is
earned during the quarter rather than on the last date of the next quarter. The differences in payoff
dates results in a timing-mismatching issue that the returns on dividend strip portfolios do not match
exactly match the risk factors and leads to a bias in the estimated risk exposures towards zero.

20The results are qualitatively similar when lengths of rolling window vary from 8 quarters to 32
quarters.
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strip portfolios with high dividend premium tend to have negative exposures to SMB
and have positive exposures to HML, and vice versa for portfolios with low dividend
premium. Average slope coefficients on the size factor (57*) for portfolio 5 and portfolio 1
are —0.41 (t-stat — —3.43) and 0.60 (¢-stat — 4.05), respectively. Returns on the portfolio
in the fifth DP quintile covary positively with returns on value stocks, as suggested by
its significantly positive coefficient on the value factor (P" = 0.78, t-stat = 5.46). In
contrast, the portfolio in the first DP quintile has a significantly negative exposure to
the value factor (BP" = —0.45, t-stat = —3.91), suggesting that returns on portfolio
1 covary positively with growth stocks. The slope coefficient on the momentum factor
(BP*) in the Carhart (1997) four-factor model is significantly positive for portfolio 5 (5P
= 0.48, t-stat = 3.37), and decreases monotonically to significantly negative for portfolio
1 (" = —0.27, t-stat = —2.48). For the profitability and investment factors in Fama
and French (2015) five-factor model, portfolio 5 has significantly positive slope coefficients
on RMW (BP" = 0.96, t-stat = 5.03) and CMA (P = 0.83, t-stat = 4.87), suggesting
that returns on dividend strips with high dividend premium behave more like returns
on profitable stocks with conservative investments. RMW beta and CMA beta decrease
with DP, and become negative for portfolio in the lowest DP quintile, suggesting that
returns on portfolio 1 behave more like unprofitable stocks with aggressive investments.
Patterns of the coefficients on the four characteristic-based risk factors of the five portfolios
line up with the average characteristics of stocks within the portfolios as in Panel A of

Table 6, which shows that stocks with high dividend premium tend to have larger firm
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size, higher book-to-market ratio, higher profitability, more conservative investment and
higher historical stock return.

Panel B of Table 8 reports the time-series average risk exposures to different asset
pricing factors and their Newey and West (1987) t¢-statistics for the 25 portfolios sorted
by PIH and DP. Patterns of slope coefficients of portfolios with high and low dividend
premium for the double-sorted portfolios are similar to those for the univariate-sorting.
Within each PIH group, dividend strips portfolios with higher dividend premium have
more positive exposures to the market risk, value, momentum, profitability and investment
factors, while the slope efficient on the size factor is lower for portfolios with higher
dividend premium. Slope coefficients of the 25 double-sorted portfolios on risk factors
generally line up with average characteristics of stocks within the portfolios, but there
are several exceptions. For example, while Panel B of Table 6 reports that within the
portfolio with highest DP, stocks with higher PTH tend to earn higher average returns
in the previous six months, Panel B of Table 8 shows that UMD betas tend to decrease
with PIH for the five PIH-sorted portfolios within the highest DP quintile. The reason for
the mismatching may be that average portfolio characteristics are from univariate-sorting
while regression coefficients are from multivariate regressions that capture the marginal
effect of a variable on another variable. The fact that results for the double-sorting analysis
are quantitatively similar to those for the univariate-sorting indicates that differences in
risk exposures among dividend strip portfolios sorted by DP are robust to controlling for

short-sale constraints of underlying stocks.

73



CHAPTER 7. PRICING OF DIVIDEND STRIPS IN THE CROSS SECTION

7.4 Prices of Risk

To estimate the prices of risk factors, for each asset pricing model, I run quarter-by-quarter
Fama and MacBeth (1973) cross-sectional regressions of excess returns of dividend strip
portfolios on conditional beta coefficients on risk factors, which are estimated from the

first-stage time-series regressions:

CAPM : 7, = AGAPM 4 A g chCATM, (7.12)
FF3 @ 0 = AT+ AmBem 4 X B0s A gph 4 P (7.13)
FFM4 - 7:;Z;+I — /\S‘FM4 + )\mﬁg,m + )\55573 + )\hﬁg,h 4 )\uﬁé),u + €§leM4, (714)

FE5 i = AP+ A B0™ 4 XGPS N gph o \TgP 4 e g 4 ePE (7.15)

If a model is correctly specified, the intercept term from that model should be zero on
average. That is, portfolios with zero risk exposures should earn a risk premium of zero.
For the CAPM, I run the regressions on returns on both the five portfolios sorted by DP
and the 25 portfolios sorted by PIH and DP. For the three multi-factor asset pricing

models, the regressions are only run on the 25 double-sorted portfolios.
[Insert Table 9]

Table 9 reports the time-series average of intercepts and prices of risk factors, their
t-statistics and mean values of adjusted R2. Panel A reports the results of cross-sectional
regressions for the CAPM using the five portfolios sorted by DP as testing portfolios.

As shown in the last subsection, average market betas tend to be positive for portfolios
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with high DP (which earn high average returns) and negative for portfolios with low DP
(which earn low average returns), suggesting a positive premium on market risk in the
cross section of short-term assets. Consistent with the positive relation between market
beta and portfolio return, the average quarterly price of market risk, A", is estimated to
be 2.72% with a t-statistic of 2.27. Differences in exposures to market risk explain 48.8%
of cross-sectional variations in returns on the five dividend strip portfolios. However, the
intercept of the CAPM is significantly positive (A4PM = 3.52%, t-stat = 2.40), suggesting
that variations in market risk exposures alone cannot fully explain differences in expected
returns on portfolios of dividend strips.

Panel B reports the results of the cross-sectional regressions to test the four asset
pricing models’ ability to explain average returns on the 25 portfolios sorted by PIH and
DP. For the CAPM, the estimated average market risk price is 3.08% (t-stat — 3.18),
which is comparable with that estimated from regressions on univariate-sorted portfolios.
For the three-factor model, average quarterly prices of the market risk (A™) and of the
value factor (A") are 3.12% and 1.97%, both statistically significant (t-stat = 2.25 and
2.13, respectively), suggesting that adding size and value factors does not depress the
statistical significance of positive market risk premium and that the value factor carries
a positive premium in the cross section of individual dividend strips. The insignificant
negative price of the size factor (\* = —0.84%, t-stat = —1.46) indicates that SMB is
not a priced factor among portfolios with different ex-ante dividend risk premiums. The

intercept of the FF3 is 2.05% per quarter, which is not statistically significant (¢-stat =
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1.59), and the three-factor model explains 45.4% of variations in returns on the 25 double-
sorted portfolios. The intercept with smaller magnitude and the higher average adjusted
R? from the regression to test the FF3 indicate that introducing HML can improve the
description of cross-sectional differences in dividend strip returns. For the four-factor
model, the momentum factor is not a priced factor, as suggested by the insignificant price
of UMD estimated from the cross-sectional regressions (A\* = 1.13%, t-stat = 1.08), while
the price of market risk and the price of HML remain significantly positive. The intercept
of the FFM4 is 1.90% with a t-statistic of 1.44, slightly lower than that of the three-
factor model. The four-factor model on average explains 50.7% of variations in returns on
dividend strips, higher than that of the FF3. Introducing slope coefficients on RMW and
CMA reduces the average regression intercept to 0.44%, which is statistically insignificant
with a t-statistic of 0.30. The price of RMW (\") and the price of CMA (\°) are estimated
to be 1.61% (t-stat = 2.70) and 1.59% (t-stat = 3.31) per quarter, both statistically
significant. On average, 57.0% of variations in portfolio returns can be explained by the
FF5, higher than those of other models. The results indicate that differences in exposures
to the profitability and investment factors play important roles in explaining differences
in average returns of individual dividend strips. Another thing to note is that introducing
beta coefficients on profitability and investment factors does not depress the significance
of risk premiums on the market risk and the value factor, which indicate that they are
not redundant factors. The four risk factors contain unique information about the pricing

of short-term individual dividend strips which are not subsumed by each other.
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Figure 5 and 6 give the plots of realized average quarterly excess portfolio returns
(741) against the theoretical values (F,[r},]) according to each of the four asset pricing
models. Figure 5 shows the plots of the five portfolios sorted by historical dividend
premium, and Figure 6 shows the plots of the 25 portfolios sorted by institutional holding

and dividend premium. The expected excess portfolio return, £, [fg 1], is given by:

f
Eqligal = Z prIN (7.16)

where 5P/ is time-series average of beta coefficient on a risk factor f of portfolio p esti-
mated from the first-stage rolling-window time-series regressions, and A/ is the price of
the risk factor f estimated from the second-stage cross-sectional regressions.

For the five univariate-sorted portfolios, in case of the CAPM, both average portfo-
lio risk exposures and marker risk premium are estimated from regressions on the five
portfolios; in case of the three multi-factor models, average risk exposures are estimated
from time-series regressions on the five portfolios, while prices of risk factors are estimated
from cross-sectional regressions on the 25 double-sorted portfolios. As shown in the left
upper of Figure 5, for the CAPM, points of portfolios with high (low) dividend premium
lie above (below) the 45-degree line, indicating that the portfolios of dividend strips are
underpriced (overpriced) according to the CAPM. For the three-factor model, the points
are distributed more closely around the 45-degree line, suggesting that introducing risk
factors other than the market risk can better describe returns on portfolios of dividend

strips. The better performances are mainly attributed to the significantly positive pre-
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mium on the value factor and positive (negative) beta coefficient on HML of portfolios
with high (low) DP. However, realized returns of portfolios with high (low) DP are still
higher (lower) than their theoretical values based on the fitted model. Introducing UMD
to the FF'3 only slightly narrow the gaps between realized portfolio returns and expected
portfolio returns according to the FFM4 because the UMD carries an insignificantly pos-
itive risk premium. After introducing the profitability factor (RMW) and the investment
factor (CMA), expected excess portfolio returns according to the FF5 get closer to the
realized values. Expected returns of portfolios with high (low) ex-ante dividend risk get
higher (lower) due to their positive (negative) exposures to RMW and CMA, which are
positively priced in the cross section of dividend strips. Plots of the 25 double-sorted
portfolios show similar patterns. Points of the 25 portfolios are most evenly and closely
distributed around the 45-degree line for the five-factor model, while the CAPM, the FF3
and the FFM4 underestimate returns on portfolios with high DP and overestimate returns
on portfolios with low DP.

To summarize, results from the cross-sectional regressions indicate that the market
risk, HML, RMW and CMA are positively priced in the cross section of dividend strips
with different ex-ante dividend premiums. Among the four models, the five-factor model
is superior in describing average returns of dividend strip portfolios, as suggested by
the smallest and the least significant intercept and the highest adjusted R? from the
cross-section regressions, and further supported by the small discrepancy between real-

ized portfolio returns and expected portfolios returns based on the model.
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7.5 Time-Series Regression and the GRS Test

Fama and French (1993) and Fama and French (2015) use the multivariate test proposed
by Gibbons, Ross and Shanken (1989) to examine the empirical support for their three-
factor model and five-factor model. Following them, I use the Gibbons, Ross and Shanken
(1989) test to evaluate how well the four asset pricing models can explain average returns
on dividend strips. If a model is correctly specified, the test will fail to reject the null
hypothesis that all risk-adjusted portfolio returns are jointly equal to zero. The better the
performance of a model is, the higher the p-value of the GRS (1989) test on the model will
be. For each sorted portfolio of dividend strips, I run a full-sample time-series regression
of quarterly portfolio excess returns on contemporaneous quarterly asset pricing factors
under different asset pricing models (i.e., quarterly excess return on the S&P 500 index in
case of the CAPM and quarterly market excess return along with quarterly portfolio-based

risk factors in case of the three multi-factor models).
[Insert Table 10 here]

Table 10 tabulates alphas and associated t-statistics from time-series regressions to
test the four asset pricing models to explain average returns of the five portfolios sorted
by DP (Panel A) and of the 25 portfolios sorted by PIH and DP (Panel B). 2! Test
statistics and p-values of the Gibbons, Ross and Shanken (1989) test on the four asset

pricing models are summarized at the bottom of each panel. For the five portfolios sorted

21Glope coefficients on risk factors estimated from the full-sample time series regressions are not reported
since their values are similar to average risk exposures estimated from time series regression in a rolling
window.
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by DP, market beta (37™) increases monotonically from portfolio 1 with the lowest DP
to portfolio 5 with the highest DP. The troublesome portfolios are portfolios 4 and 5 with
high dividend premium, whose returns are still significantly positive after adjusting for
market risk. The average absolute value of CAPM-alpha is 3.99% per quarter. The GRS
(1989) test rejects the CAPM with a p-value of 0.003. The three-factor model slightly
improves the description of average returns on DP-sorted dividend strips, as evidenced by
the lower average absolute value of alpha (3.83% per quarter) and lower GRS test statistic
(3.226). The intercept improvement centers on the significantly positive exposures to the
value factor (B87") of two portfolios in higher DP quintiles. Returns on portfolios with
high dividend premium covary positively with returns of value stocks, and the high risk
exposures help explain their high average returns. However, slope coefficients on SMB
(BP*) go in opposite directions with ex-ante dividend risk premiums. 7 of the portfolio
with extremely high DP is negative, suggesting that its returns covary positively with
stock returns of large companies, and vice versa for the portfolio with the lowest DP.
Lower SMB slopes for portfolios with higher dividend premium go in the wrong direction
to explain the pattern in average returns of portfolios sorted by DP and deteriorates
the performances of the three-factor model. Returns on the two portfolios with high
dividend risk premium remain unexplained, and the FF3 is rejected by the GRS (1989)
test with a p-value of 0.011. For the FFM4 which introduces the momentum factor, UMD
slopes are positively correlated with dividend premium. However, the dispersion of UMD

betas among portfolios seems to be smaller than the dispersion of betas on other risk
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factors. The positive relation between UMD slope 37" and DP shrinks the absolute value
of FFM4-alpha to 3.49% per quarter. The improvement of the FFM4 over the FF3 is
limited. The GRS test statistics for the four-factor model is 2.565, and the test rejects
the null hypothesis that all FFM4-adjusted portfolio returns are jointly equal to zero
(p-value = 0.033). For the five-factor model which adds the profitability factor (RMW)
and the investment factor (CMA), the average absolute value of regression intercepts is
reduced to 2.92% per quarter, and the GRS (1989) test fails to reject the FF5 with a
p-value of 0.123. The improvements in the description of average returns on portfolios
of dividend strips produced by the five-factor model come from the positive relations
between average realized portfolio returns and slopes on RMW and CMA. Portfolios
with high dividend premium have positive exposures to RMW and CMA, indicating that
returns on dividend strips of stocks with high dividend premium behave more like returns
of stocks with high profitability and low investment. Positive exposures to the two factors
increase expected portfolio returns and reduce regression intercepts. After adjusting for
the two additional factors, the FF5-alpha of portfolio 4 becomes insignificant. Though the
risk-adjusted return of portfolio 5 is still significantly positive, its magnitude is smaller
than the corresponding values of the other three models.

Results are similar for the 25 double-sorted portfolios. As shown at the bottom of
Panel B of Table 10, the CAPM is rejected by the GRS (1989) test with a p-value of
0.003. The average absolute value of CAPM-alpha is 4.30% per quarter. Problems come

from portfolios with high dividend premiums. CAPM-alphas are marginally significant
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for portfolios in the third quintile of DP and are statistically significant with ¢-statistics
greater than 2 for portfolios in the fourth and fifth quintiles of DP. One portfolio in the
first quintile of dividend premium has significantly negative CAPM-alpha. Introducing
risk factors other than the excess return of the market portfolio helps explain cross-
sectional differences in average dividend strip returns. Within each PTH group, consistent
with the pattern of average portfolio returns, HML, UMD, RMW and CMA slopes tend
to be positive (negative) for portfolios with high (low) dividend risk premiums. Positive
exposures to the four risk factors shrink regression intercepts. However, the negative
relation between SMB slopes and DP exists among portfolios within each PIH group,
which worsens the performances of the multi-factor models. Regression intercepts of the
FF3 have an average absolute value of 4.23%. The majority of portfolios in the fourth
and fifth quintiles of DP have significantly positive FF3-alphas with ¢-statistics greater
than 2. The FF3 still fail to explain the average low return of one portfolio with an
extremely low dividend premium. After adding UMD, risk-adjusted returns of portfolios
with high DP have smaller magnitudes and lower statistical significance. After adding
RMW and CMA, only the five portfolios with extremely high DP have significant FF5-
alphas. Negative exposures to RMW and CMA of the portfolio in the 2nd PIH quintile
with extremely low dividend premium help explain its very low average return and make
its FF5-alpha insignificant. The GRS (1989) test rejects the FF3’s and the FFM4’s ability
to explain returns on the 25 double-sorted dividend strip portfolios with p-values of 0.028

and 0.041, respectively, while the test fails to reject the null hypothesis that alphas of the
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25 portfolios relative to the FF5 are jointly equal to zero (p-value = 0.142).

In summary, consistent with the results of cross-sectional regressions, the results from
time-series regressions and the GRS (1989) test indicate that among the four asset pricing
models, the five-factor model performs the best in describing average returns on portfolios

of dividend strips with different levels of ex-ante dividend premium.

83



Chapter 8

Robustness Checks

In this chapter, I conduct a few robustness tests of the main empirical results. In the
first analysis, I examine whether option-implied dividends are informative about future
dividends beyond historical dividends. The positive results from this analysis would sug-
gest that dividends implied from options prices are reliable estimates of prices of dividend
strips and that the main empirical results are not driven simply by errors in option-implied
dividends due to, for example, short-sale constraints and.or liquidity issues. In the second
analysis, I examine the returns on dividend strips within the sample of dividend payers.
The results would shed light on whether the main empirical results are due to the poten-
tial difference between dividend payers and non-payers or are general for all stocks. The
third analysis examines the effects of early exercise premiums on the results. Finally, I
use firm characteristics that can predict subsequent stock returns as alternative sorting
variables to sort individual dividend strips and examine whether the five-factor model can
best explain average returns of dividend strip portfolios with different sorts. The analysis

intends to examine whether the superior performance of the FF5 is specific to portfolios
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sorted by DP only.

8.1 Predictability of Option-Implied Dividend

Prior studies suggest that options prices predict future dividends.?? The four examples
of changes in dividend policies of Apple Inc. and General Motors Company show that
dividends implied from prices of options written on the stocks of the two companies an-
ticipate the changes in dividends before announcements and provide preliminary evidence
of predictability of DI for future dividends. This section presents complementary and
formal evidence on the predictability of DI. T use a regression approach to show that
option-implied dividends contain information about future dividends beyond historical
dividends. On a day before the dividend announcement date of stock i’s dividend in the
next quarter g + 1 (Dz +1), I compute option-implied dividends (DI) from prices of pairs
of options which meet the filtering criteria as discussed in the Chapter 5 and then take an
average of DI across time-to-maturities and strike prices of options to get a daily average
DI, which are then averaged across days to compute the average quarterly option-implied
dividend, DIZ. To ensure that options prices contain relevant information, I calculate
DI on days within 20 days before a dividend announcement date. Moreover, to ensure

that the predictability of option-implied dividends is not due to incorporation of relevant

22For example, using options written on 69 firms on 226 dividend announcement dates from 1984 to
1985, Bae-Yosef and Sarig (1992) find that option-implied dividend surprises are significantly related to
stock markets’ reactions to dividend announcements. Fodor, Stowe and Stowe (2017) examine option-
implied dividends of 67 firms that cut dividends during the financial crisis from 2008 to 2009 and find that
option-implied dividends can predict dividend omissions better than some equity market and account
variables. Kragt (2017) finds that option-implied dividend growth rate can predict realized dividend
growth rate in the cross-section.
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information released on earnings announcements before dividend announcements,?® for a
given stock, I use options prices on days at least five days before the stock’s earnings an-
nouncement date in the same quarter. For a stock ¢ with at least one change in dividend
and with at least 12 quarters of observations,?* I run the following time-series regression

for the whole sample period with options data available:

Di,, —Di DI — D Z.
q+5i 9 — qSi q +Z77jlj,q+1+5q+17 (8.1)
where (D}, — D!)/S!is price-normalized change in quarterly dividend and (DI, — D!)/S

is price-normalized option-implied change in quarterly dividend. To control for seasonal-
ity in quarterly dividend payments, I include four dummy variables, l;ﬁ 1 (J=1,2,30r
4), which take the value of 1 if quarter ¢ + 1 is the j*® fiscal quarter in a year and take
the value of 0 if otherwise. If option-implied dividends contain information about future

realized dividends, the regression coefficient v should be significantly positive.
[Insert Table 11 here]

Table 11 reports the distribution of the regression coefficient 7, its Newey and West
(1987) t-statistics adjusted for autocorrelation and heteroscedasticity, and adjusted R?
across individual stocks. The average values of the regression coefficient 7% and its ¢-

statistics of the time-series regression are 0.457 and 4.949. The time-series regressions have

23Some papers find that earnings announcements and dividend announcements contain similar infor-
mation. For example, Kane, Lee and Marcus (1984) examine abnormal stock returns around earnings
and dividends announcements. They that the abnormal return corresponding to earnings announcements
depend on the value of contemporaneous dividend announcements, vice versa, suggesting a corroborative
relation between the two announcements.

243734 stocks meet these requirements.
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an average adjusted R? of 0.503, indicating that on average a considerable proportion of
time-series variations in changes in dividends can be explained by options-implied changes
in dividends. 74.40% of the individual stocks have significantly positive coefficients of 7.
The regression results indicate that dividends implied from options are informative about
future realized dividends and that option-traders’ expectations about future dividends are

on average correct.

8.2 Dividend Payer Sample

Dividend policies vary across individual companies. Firms that have paid dividends in
the past, i.e., dividend payers, are likely to continue to pay dividends in the future, and
vice versa for dividend non-payers, which have not dividends in the past. As a result,
returns on dividend strips from dividend payers may be consistently high while those from
dividend non-payers may be consistently low. In this case, the main empirical results can
be simply due to the difference between dividend payers and non-payers. To examine
whether this drives the main results, I repeat the analysis using a subsample of dividend
payers, which are defined as companies that have ever paid a positive regular cash dividend

in the previous five years. The results are reported in Table 12.
[Insert Table 12]

As shown in Panel A of Table 12, average returns on dividend strips of dividend
payers seem to be higher than average returns on dividend strips of the full sample of
stocks with options. Within dividend payers, average portfolio returns of dividend strips
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also exhibit substantial variations across stocks sorted by DP. Portfolio 1 with the lowest
DP earns an average quarterly return of —2.90% (t-stat = —1.13), and average portfolio
return increases monotonically to 14.03% (t-stat = 5.04) per quarter for portfolio 5 with
the highest DP. The return spread between the two extreme portfolios is 16.93% (t-stat
= 4.58), which is larger and more significant than the corresponding value for the full
sample. short-sale constraints of underlying stocks do not drive differences in returns of
dividend strips of dividend payers sorted by DP. For the 25 portfolios sorted by PTH
and DP, the difference between the average return of the portfolio in the fifth quintile
of DP and the average return of the portfolio in the first quintile of DP are statistically
significant within each of the five PTH groups.

Portfolios of dividend strips of dividend payers with different average returns have
different exposures to the market risk. As shown in Panel B of Table 12, same as the
results for the full sample of stocks, average market beta (3P™) increases from —0.45
(t-stat = —4.43) for portfolio 1 with the lowest dividend premium to 1.83 (t-stat = 9.49)
for portfolio 5 with the highest dividend premium. The risk premium of the market factor
A™ is estimated to be 3.50% (t-stat = 3.77) per quarter, which is comparable with the one
estimated from dividend strips of the full sample of stocks, and the CAPM explains over
50% of variations in returns on the five portfolios sorted by DP. However, the CAPM
intercept from the cross-sectional regression is still significantly positive. The average
absolute value of the CAPM-alpha (reported in Panel D) from the time-series regressions

of quarterly excess returns of the quintile portfolios on quarterly excess return on the
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market portfolio is 4.73%, and the GRS (1989) test rejects the CAPM with a p-value
that is zero to three decimal places (reported in Panel E). Results are similar for the 25
double-sorted portfolios. The results from the cross-sectional and time-series regressions
indicate that the CAPM does not well explain average returns on dividend strips for the
sample of dividend payers.

Multi-factor models that introduce portfolio-based risk factors other than the market
risk perform better than the CAPM, and the five-factor model performs the best. As
shown in Panel B, portfolios of dividend payers’ dividend strips have very different tilts
toward portfolio-based risk factors. Returns on portfolios with high DP are positively
correlated with HML, UMD, RMW and CMA and are negatively correlated with SMB,
suggesting that portfolios with high dividend premiums tilt toward stocks which have
high book-to-market ratio, perform well in the past year, have high profitability, invest
conservatively and have large market capitalization. Using the 25 double-sorted dividend
strip portfolios as testing portfolios in quarter-by-quarter cross-sectional regressions to test
the FF5, average prices of HML (\*), RMW (A\") and CMA (\¢) are estimated to be 1.79%
(t-stat = 2.75), 1.91% (t-stat = 3.27) and 1.81% (t-stat = 4.27) , which are comparable
with the risk premiums estimated from the full sample of stocks with options traded. SMB
and UMD do not carry significant risk premiums in the cross section of dividend payers’
dividend strips. Average intercepts from the cross-sectional regression to test the FF3
and the the FFM4 are 3.31% and 3.11%, lower than it is for the CAPM (4.76%), but are

still statistically significant with t-statistics of 2.67 and 2.51, respectively. Adding RMW
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and CMA betas reduces the regression intercept to 1.44% (t-stat = 1.76), suggesting that
the FF5 is better than the other three models in describing average dividend strip returns
within the subsample of dividend payers. Results from the time-series regressions (as
reported in panel D and E) confirm the superior performance of the FF5. For the five
portfolios sorted by DP, average absolute value of risk-adjusted dividend strip returns
of dividend payers relative to the FF3, the FFM4, and the FF5 are 4.55%, 4.19% and
3.39%, lower than the counterpart of the CAPM for the dividend payer sample while
slightly higher than the corresponding values for the full sample of stocks. The GRS
(1989) test rejects the FF3 and the FEM4 with p-values of 0.009 and 0.017, while the test
fails to reject the FF5 at conventional significance level (p-value = 0.078). The FF3 is
better than the CAPM due to the positive association between average realized portfolio
returns and HML betas. Positive (negative) exposures to the value factor help explain
the high (low) average return of portfolios with high (low) dividend premiums. However,
similar to the results for the full sample, adding SMB deteriorates the performance of
multi-factor models, since lower SMB betas of portfolios with higher DP contradict their
higher average returns. Adding the momentum factor (UMD) produces improvements as
UMD betas increase monotonically from the first DP quintile portfolio to the fifth DP
quintile portfolio. The improvements in the description of average dividend strip returns
produced by the FF5 trace to patterns of the RMW and CMA slopes that absorb the
patterns in average portfolio returns. Specifically, the positive (negative) exposures to

RMW and CMA increase (decrease) the predicted returns of portfolios with high (low)
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DP and push regression intercepts toward zero. All results of time-series regressions to test
the three multi-factor models hold for the 25 portfolios sorted by dividend premium and
institutional holding, suggesting that the results are not affected by short-sale constraints
of underlying stocks.

In short, the main empirical findings of the full sample of stocks with options traded
are qualitatively similar for the subsample of dividend payers, which indicate that the
results are not driven by potential differences between dividend payers and non-payers

and are general among all stocks.

8.3 Early Exercise Premium

8.3.1 The Black and Scholes (1973) Model Approach

Options traded on exchange and written on individual stocks in the U.S. market are
American-style options that can be exercised at any time on or before the option expi-
ration date. Prices of American-style put options and call options written on dividend-
paying stocks should contain early exercise premium (EEP). Therefore, dividends implied
by American options prices from the put-call parity relation are contaminated by the
difference between the EEP of put and call options. To examine the effect of EEP on the
main results, I repeat the sorting portfolio analysis using option-implied dividends which

are adjusted for EEP and report the results in Table 13.

[Insert Table 13]

Both the sorting variable DP and portfolio returns r? are adjusted by EEP since
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it affects the measurements of prices of dividend strips. Panel A of Table 13 reports
average EEP-adjusted returns of portfolios of dividend strips sorted by EEP-adjusted
historical dividend premium. Again, to alleviate the effects of short-sale constraints, I do
a double-sorting analysis by sorting dividend strips by institutional holding (PIH) and
DP. After adjusting for EEP, average portfolios seem to be higher than the counterparts
not adjusted for EEP, suggesting that EEP of put options are on average higher than EEP
of call options and that the difference in EEP of put and call options on average lead to
an overestimation of prices and an underestimation of returns on dividends strips. Cross-
sectional variations on returns on dividend strips are robust to adjusting for EEP. For
the five univariate-sorted portfolios, average realized returns increase monotonically from
—2.39% for portfolio 1 with the lowest DP to 12.16% for portfolio 5 with the highest DP.
The fifth quintile portfolio outperforms the first quintile portfolio by 14.55% per quarter,
and the large return spread is statistically significant, with a t-statistic of 3.53. For the 25
double-sorted portfolios, return spreads between the two portfolios with extremely high
and low dividend premiums seem to be larger among stocks with lower PIH, but spreads
in return are significantly positive within each PIH group. As shown in the bottom of
Panel A, the return spread between the portfolio with the highest DP and the portfolio
with the lowest DP aggregated from all PTH groups is significantly positive (16.82%, t-stat
= 4.25). Thus, cross-sectional variations in realized returns of portfolios sorted by the
ex-ante measure of dividend risk are robust to adjusting for EEP and are not driven by

short-sale constraints of underlying assets.
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Variations in dividend strip returns after adjusting for EEP can be well explained
by their exposures to risk factors of the five-factor model. As reported in Panel C of
Table 13, for the 25 double-sorted portfolios, average intercept estimated from the quarter-
by-quarter cross-sectional regressions of the FF'5 has the smallest magnitude and least
statistical significance (A\g = 0.28%, t-stat = 0.21) compared to the corresponding values
of the CAPM (Ao = 3.59%, t-stat = 3.11), the FF3 (\g = 2.10%, t-stat = 1.62) and
the FFM4 (\g =1.79%, t-stat = 1.57), and the five-factor model explains the highest
proportion of variations in dividend strip returns (average adjusted R? = 58.5%). Results
of the time-series regressions and the GRS (1989) test confirm the results from the cross-
sectional regressions. Panel D reports the pricing errors of different asset pricing models of
the five univariate-sorted portfolios and the 25 double-sorted portfolios. For univariate-
sorting, though the higher market betas of portfolios with higher dividend premiums
(reported in Panel B) go in the correct direction to explain the average portfolio returns,
differences in market betas cannot fully explain differences in portfolio returns. CAPM-
alphas of the DP-sorted quintile portfolios of dividend strips has an average absolute
value of 4.20%. The portfolio in the middle quintile has marginally significant CAPM
alpha, and the fourth and fifth quintile portfolios have significantly positive CAPM-alphas
more than two standard errors above zero. As shown in Panel B, positive exposures to
HML of the three portfolios with high dividend premium help explain their high average
returns. However, the negative exposures to the size factor of portfolios 4 and 5 plague

the three-factor model. FF3-alphas of the fourth and fifth portfolio remain significantly
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positive. Introducing UMD reduces the absolute value of regression intercepts to 3.65%.
UMD slopes of the two portfolios with high dividend premiums are significantly positive,
but still not high enough to explain their high average returns. The GRS (1989) test
rejects the CAPM, the FF3, and the FFM4 with p-values of 0.003, 0.008, and 0.027,
respectively. After RMW and CMA are added, the average absolute value of FF5-alphas
decreases to 3.17%, and the p-value of the GRS (1989) test is 0.115. The improvements
in the explanation of average dividend strip returns of the five-factor model come from
the fact that returns on high dividend premium portfolios covary positively with returns
on stocks with high profitability and conservative investments, while the returns of low
dividend premium portfolios behave more like returns on stocks with low profitability
and aggressive investments. Positive (negative) exposures to the two risk factors increase
(decrease) expected portfolio returns of high (low) DP portfolios and push risk-adjusted
return toward zero. Results are similar for the 25 portfolios sorted by PIH and DP. The
CAPM is strongly rejected by the GRS (1989) test with a p-value of 0.001, as CAPM-
alphas of portfolios in the fourth and fifth quintiles of DP are highly significantly positive
and the CAPM-alphas have a high average absolute value of 4.75%. The FF3 and the
FFM4 improve the description of average portfolio returns, as suggested by a lower average
absolute value of regression intercepts (4.61% and 4.21%, respectively). However, the
improvements are limited, as the high average returns of portfolios in the fourth and
fifth quintiles remain unexplained, and the GRS (1989) test rejects the two models with

p-values less than 0.05. After RMW and CMA are introduced, only one portfolio in
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the fourth quintile of DP has a positive FF5-alpha with a t-statistics greater than 2,
and while portfolios in the fifth quintile of DP still remain significantly positive, their
magnitudes get smaller than counterparts without RMW and CMA. The average absolute
value of regression intercepts for the FF5 is reduced to 3.66%, and the five-factor model’s
ability to describe portfolio returns is not rejected by the GRS (1989) at the conventional
significance level (p-value = 0.102).

In summary, after prices of dividend strips are adjusted by EEP of American options,
dividend strip returns of portfolios sorted by ex-ante dividend risk measure still present
substantial cross-sectional variations, and the variations can be explained by portfolios’
different exposures to risk factors of the five-factor model, which confirms the superior

ability of the FF5 to describe average returns of dividend strips.

8.3.2 The Least-Square Simulation Methodology under the Hes-
ton (1993) Stochastic Volatility Model
In the analysis above, I use the difference between quoted price of American-style op-
tions and the hypothetical European-style options price estimated by substituting Op-
tionMetrics implied-volatility and the most recently announced dividend into the Black
and Scholes (1973) (BS) option-pricing formula to measure EEP. There are two concerns
with this approach. First, this approach assumes that the BS model holds. However, the
BS model assumes that stock returns are log-normally distributed with constant volatil-
ity, which is inconsistent with what is observed in the financial market. Many papers

test the empirical validity of the model and find that prices obtained from the model
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differ from quoted options prices (Derman and Kani, 1994; Rubinstein, 1985). Thus, the
hypothetical European options prices and estimated EEP under the BS model may be
biased by differences in mispricing relative to the BS model of put and call options. Sec-
ond, since OptionMetrics uses the most recently announced dividend for dividend-paying
stocks when calculating option-implied volatility, I also use historical dividend as a proxy
for expected dividend when calculating the BS European options prices. However, I find
that on average dividends paid by individual firms change a lot from quarter to quarter,
suggesting that it may be problematic to assume that future dividends will remain at
the historical levels. Prior studies often criticize the historical dividend as a measure of
expected dividend since it may not incorporate investors’ most recent expectations for the
future dividend. Therefore, EEP calculated under the constant dividend assumption may
be contaminated by differences between investors’ true expectations for future dividends
and historical dividends.

To address the two concerns with the approach to estimate EEP under the BS model
using historical dividend as a proxy for expected dividend, I use an alternative simulation-
based approach under a stochastic volatility option-pricing model and use option-implied
dividend as a measure of expected dividends to calculate hypothetical European-style
options prices and to estimate EEP, and I examine whether differences in EEP estimated
under the old and new approach will affect calculation of prices of individual dividend

strips and cross-sectional variations in returns on the short-term assets.
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The Heston (1993) Stochastic Volatility Model

In light of biases that are associated with the BS, the option-pricing literature has made
substantial progress to develop more realistic option-pricing models which relax the re-
strictive assumptions of the model. Bakshi, Cao and Chen (1997) examine performances
of various option-pricing models that allow for stochastic volatility, interest rates, and/or
jumps in stock price. They find that incorporating stochastic volatility can reduce both
in-sample and out-of-sample pricing errors and improve hedging performances as well. 1
consider the Heston (1993) stochastic volatility (HSV) option-pricing model , which is
commonly used in the literature, as an alternative to the BS model. Specifically, under
the risk-neutral measure, dynamics of the price of an underlying stock i, S, are governed

by the following stochastic differential equation:
dsi = rlSidt 4+ \/ViSidw;", (8.2)

where rf is the risk-free rate and thS’i is a standard Wiener process of the price of stock
i. If the stock 7 pays a dividend, D!, the price of stock 7 will drop by the amount of

dividend before and after the ex-dividend date:
S = DIt <t<th (8.3)
The variance of the stock i, V!, follows a mean-reverting process in the following form:

V) = w0 = V)dt+ €V, (8-4)
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where ' is the rate of mean-reversion, #° is the long-run variance of stock i, £ is the
volatility of stock 4’s variance, and thV’i is a standard Wiener process of variance of
stock 7. To take into account the leverage effect, Wiener stochastic processes thS’i and

thV’l are assumed to be correlated with a correlation p»%":

AW AWyt = phSVat. (8.5)
The Least Square Monte Carlo Simulation Algorithm

The Heston (1993) model does not have an analytical solution for American-style options.
I use the least-square methodology of Longstaff and Schwartz (2001) (LSM) to calculate
American-style options prices under the stochastic volatility model using Monte Carlo
Simulation.

Suppose that an American-style option written on a stock ¢ can be exercised for N
discrete times during the option’s life (0 < t; < t» < - -+ < ty = T).% Under the
LSM, at any time t,, before the option maturity date 7" on a given path w of the price of
the underlying stock 7, holders of an in-the-money American-style option written on the
stock choose the optimal exercise time by comparing the payoff from immediate exercise
(max(S; — K, 0) for call options and max(K — S; , 0) for put options) and conditional

expected payoff from continuation, which is the expected value under the risk-neutral

25Exchange-traded individual equity options in the U.S. market are continuously exercisable. The
LSM can approximate the value of the options by taking N to be sufficiently large. When calibrating
the stochastic volatility model and calculating simulated options prices, I assume that options can be
exercised once a day. Using more frequent exercising gives similar results.
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measure () of remaining discounted cash flows from holding the option:
N tn
F'(w;t,) = EQ{ Z exp( — / r(w, t)dt) CE'(w,tj;tn, T) | Fin|, (8.6)
j=n+1 tj
where CF(w, t;;t,, T') denotes the path of cash flows of an option written on the stock i
if the option is not exercised at or prior to time ¢, and will be exercised on or after time
t,, based on the optimal stopping rule.
Under the LSM, F(w;t,) is represented by a weighted linear combination of Laguerre

polynomials basis functions, L,(X). Assuming that X is the value of the underlying stock,

the expected value from holding the option, F*(w;t,), is given by:

F'(w;t,) = ai+§:b;Lp(X), (8.7)
Ly(X) = exp(—X/Z)(;—! d;l:n(X“eX). (8.8)

The intercept term a’ and coefficients on polynomials b; are estimated using least squares
by regressing discounted values of cash flows from an option, CF*(w, tj;tg, T), on the basis
functions of stock prices?® for paths where the option is in-the-money. The fitted value
from the regression is the estimated expected value to continue holding the option at time
t , Filw;t,).

The goal of the LSM algorithm is to find the optimal stopping rule which can maximize
the value of an American-style option. To implement the algorithm, I work backward

from time ty_1, the last exercisable time before the option maturity date 7. I run the

Z6Following Longstaff and Schwartz (2001), I use the first three Laguerre polynomials. Using three
basis functions is sufficient to obtain convergence.
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cross-sectional regressions to estimate expected value from continuation at time ty_1,
Fi(w; tn_1), for each in-the-money path at that time. On a particular in-the-money path
at time £y _1, optionholders should exercise an option if the payoff from immediate exercise
is equal to or greater than Fi(w;tN_l). Thus, the paths of cash flows CF'(w,t;;tx_1,T)
can be estimated. Then I repeat the procedure one-period backward each time until the
exercising decision at each time on each path is determined. On each path where at least
for one time an American option should be exercised, the first exercisable time is the
optimal stopping time, and the payoff from exercising at that time is the expected cash
flows from the option on the path. Finally, the price of the American option is computed
by taking an average of present values of expected cash flows from the option over all

stock price paths.

Calibration of the Heston (1993) Model

For each stock i at the end of quarter ¢, I calibrate the Heston (1993) model to the
mid prices of the pair of call and put options written on the stock used to construct the
synthetic dividend strip, C}(T, K) and P}(T, K). Specifically, I calculate LSM-simulated
prices of the American-style call and put based on 100,000 paths of the stock price.?’
On each path, investors expect the stock price to drop by the amount of dividend paid

during option life, D! ,. T use the dividends implied from options averaged across strike

q+1°

prices, time-to-maturities and days on and before the quarter ¢ end, DIf], as a proxy for

the expected dividend. As shown in the first robustness test, option-implied dividend

2750,000 plus 50,000 antithetic paths.
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can predict future realized dividend beyond the historical dividend, and prior studies find
that option-implied dividends incorporate investors’ expectations for dividends better
than historical dividends.

For a stock i with Né quarterly observations of options prices, four parameters of
the stochastic volatility model, the rate of mean reversion of variance ('), the long-term
variance (0°), the volatility of variance (£°) and the correlation between stock price and

“5V) are fixed parameters that do not vary over time. The instantaneous

variance (p

variances for each quarter, V;j(l <q < Néz), are allowed to be time-varying. The stock

i’s parameters of the Heston (1993) model, ©F = {Vi VJ ..., Vi ki 0% & ph5VY, are
Q

N,

estimated by solving the following constrained optimization problem:

yi
min g;wgc(mo [CO(T, K) — C{T, K)]”

+ wiP T EO(T, K) — PUT, K], (8.9)

st.lb < ©" < ub, (8.10)

£ < 2 (8.11)

The correlation between stock price and variance is bounded between —1 and 1, and the
other parameters have a lower bound of 0. C(?i (T, K) and Pqei (T, K) are model-implied

prices of call and put options written on the stock ¢ with strike price K and maturity date

i,P(T,K)

and wy are the weightings of squared pricing

T at the end of quarter ¢.28 wé,C(T,K)

28The model’s parameters are calibrated to quoted prices of the most at-the-money call and put options
which are used to replicate synthetic dividend strips. Calibrating parameters to all options which meet
the filtering criteria gives similar results, except that pricing errors are on average higher.
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errors of call and put options. Squared pricing errors are weighted by the number of
options contracts traded. Thus, for each stock i, the estimated set of parameters, @i, are
the ones that can minimize the trading volume weighted average squared pricing errors

of options written on the stock across all quarters.
[Insert Table 14 here]

Panel A of Table 14 reports summary statistics of estimated parameters of the He-
ston (1993) model for individual stocks with options traded. Individual stocks have a
high average rate of mean-reversion of variance () of 8.05, suggesting that variances of
individual stocks revert to long-term means fast. For the instantaneous variance (), I
first calculate its time-series mean (V) and standard deviation (o(V)) for each stock, and
report the distributions of V' and (V) across stocks. For the other parameters, cross-
sectional distributions are reported. The correlation between individual stock price and
variance (p>") has a mean value of —0.11, which indicates that typically declining stock
prices are accomplished by rising stock variances.

Panel B of Table 14 tabulates summary statistics of relative pricing errors of the
Heston (1993) option-pricing model of call and put options used to replicate synthetic
individual dividend strips, ¢¢ = (C® — C)/C and ef = (P° — P)/P, which are the dif-
ferences between model-implied options prices and quoted mid options prices normalized
by the mid market prices, and the absolute values of relative pricing errors, |e“| and |e|.
On average, the Heston (1993) model overprices call options by 0.17% and overprices put

options by 0.14%, respectively. The mean values of magnitudes of relative mispricing are
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0.60% and 0.52% for call and put options. The small discrepancy between model-implied
and observed market options prices indicate that the Heston (1993) model performs well

in describing prices of options written on individual stocks.

EEP of American Options under the Heston (1993) Model

Based on the estimated parameters of the stochastic volatility model, for each stock 7
at the end of each quarter ¢, I use the simulation approach to calculate model-implied
American-style call and put options prices and hypothetical European-style call and put
options prices, and take a difference to estimate EEP.

Panel C of Table 14 reports summary statistics of EEP of call and put options as
a percentage of mid market prices of options under the simulation-based Heston (1993)
stochastic volatility (HSV) option pricing model (EEP™V(C) and EEP*SY(P)) using the
average dividend implied from options prices as a proxy for expected dividends, and the
difference between EEP of calls and puts as a percentage of average mid options prices.
(EEP"SY(P —(C)) . For easy comparison, the table also shows corresponding values under
the closed-form Black and Scholes (1973) (BS) option-pricing model using the historical
dividend to measure expected dividends. On average, under the BS, EEP of call options
accounts for less than 1% (0.65%) of mid call prices, and EEP of put options accounts for
a slightly higher yet still low average proportion of mid put prices (0.83%). The average
positive difference in EEP of put and call options as a percentage of average mid prices of
puts and calls (0.18%) is consistent with the finding in the previous section that average

returns on individual dividend strips get higher after adjusting for EEP. After considering
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stochastic volatility and using option-implied dividends to measure expected dividends,
average values of EEP relative to mid options prices of both call and put options get
higher (0.72% and 0.89%, respectively). The positive change in EEP of calls (mean value
= 0.07% of mid call prices) is on average greater than the increase in EEP of puts (mean
value = 0.05% of mid put prices), resulting in a lower average difference between EEP of
put and call options under the new approach to estimate EEP. A possible reason for this
is that options-implied dividends incorporate investors’ expectations for dividend growth,
and higher expected dividends may make it more optimal to exercise call options writ-
ten on dividend-paying stocks before maturity dates. Overall, the results indicate that
under both approaches to estimate EEP, the differences in EEP of call and put options
amount to low proportions of American-style options prices and may not significantly
affect the main empirical results. The difference in difference between EEP of put and
call (EEP"SV=B5(P — ()) has a mean value of —0.01%, which indicates that on average,
the two approaches give similar approximations for EEP. However, the differences in dif-
ferences of EEP of calls and puts are —0.57% and 0.67% of average mid options prices
for underlying stocks in the first quartile and in the third quartile respectively, suggest-
ing that the differences in differences of calls’ and puts’ EEP estimated under the two
approaches vary across individual firms.

To trace the source of differences in EEP estimated under the old and the new ap-
proach, for the pooled sample of all stocks with options traded in all quarters, I regress

differences in EEP of calls as percentage of mid call prices (EEP"V™55(C)), differences
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in EEP of puts as percentage of mid put prices (EEP™V~5(P)), and differences in dif-
ferences of EEP of puts and calls (EEP"SV™85(P — (0)) as percentage of average mid call
and put prices estimated under the HSV model and the BS model on calibrated param-
eters of the Heston (1993) model, the risk-free rate (r/), options time-to-maturity days
(1), moneyness ratio (K/S) and average option-implied dividend yield (DI/S). Panel D
of Table 14 reports beta coefficients and associated t-statistics of the full-sample pooled
regressions. Parameters of the stochastic volatility option-pricing models seem to explain
the differences in EEP estimated under the old and the new approach. Regression coeffi-
cients of x and £ on EEPHSV’BS(P) are significantly negative, suggesting that relative to
the HSV model, the BS model overestimates EEP of puts more for stocks whose variances
mean revert to long-term values faster and vary more over time. The rate of mean re-
version and volatility of variance also negatively affect EEPHSV’BS(C’), though the effects
are insignificant and much weaker than those for put options. Beta coefficients of the
long-run stock variance (#) on difference in EEP of both calls and puts under the two
approaches are significantly positive, and regression coefficients of the instantaneous vari-
ance on EEPYSV=B5((C) and EEP™V~B5(P) are significantly and marginally significantly
positive, indicating that the old approach underestimates EEP of both calls and puts more
for more volatile stocks in the short and long run. The correlation between stock price and
stock variance (p>) loads significantly negative on EEP™V~55(C) and EEP"SY—55(p),
which indicates that the new approach increases the estimate of EEP of both call and

put options more for stocks with greater leverage effects. The level of risk-free rate also

105



CHAPTER 8. ROBUSTNESS CHECKS

affects the difference in EEP estimated under the two approaches. The significantly neg-
ative coefficients of the risk-free rate (r/) on EEP*V™85(C) and EEP™V~55(P) indicate
that the HSV model gives higher estimate of EEP for both call and put options than
the BS model when risk-free rate is lower. Both options time-to-maturity (7) and mon-
eyness (K/S) affect the estimates of EEPs, and the effects are opposite for call and put
options: the regression coefficient of 7 on EEP™V~85(C) is significantly positive while
on EEP™V=BS(P) is significantly negative, and K /S has significantly negative loading
on EEPHSV=B5(C) while significantly positive loading on EEP"V=B5(P) suggesting that
the higher estimate of EEP under the HSV model is greater for more in-the-money call
options with longer time-to-maturity and for more in-the-money put options with shorter
time-to-maturity. The estimate of EEP of call options under the two approaches is affected
by expected dividends. The significantly positive coefficient of DI/S on EEP™Y=55((C)
indicates that EEPs of calls are more underestimated under the old approach for call
options written on underlying assets with higher expected dividends. Expected dividends
also positively affect EEPHSV’BS(P), but the regression coefficient is insignificant. The
difference in potential bias in prices of individual dividend strips caused by differences in
EEP of put and call options under the new and old approaches (EEP"SV™55(pP — () is
greater for stocks with lower volatility of variance, lower long-term stock variance, lower
instantaneous variance, options with shorter time-to-maturity and options with higher
moneyness ratio.

To check whether and how the cross-sectional variations in differences in estimation
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of EEP under the two approaches may affect the cross-sectional variations in the pric-
ing of individual short-term synthetic dividend strips, I examine the correlations between
EEP™SV=BS(P — () and prices of individual dividend strips. Specifically, at the end of
each quarter, stocks with options whose EEPs can be estimated under both approaches
are sorted into quintile portfolios by stock price normalized dividend implied from the pair
of call and put options used to replicate individual dividend strips, and I calculate the
mean values of EEP"Y™85(P — () of stocks in each portfolio. Panel D of Table 14 reports
time-series averages of the differences in differences of EEP of paired put and call options
of the quintile portfolios. For all the sorted portfolios with different levels of normalized
prices of individual dividend strips, average difference in EEP of puts and calls gets lower
under the new approach to estimate EEP, and the quintile portfolios have similar levels
of average values of EEPHSV’BS(P — (), suggesting that the estimated potential biases
in prices of individual dividend strips due to differences in EEP of call and put options
estimated under the two approaches do not differ systematically with prices of individual
dividend strips inferred from American-style options prices.

To further check whether different approaches to estimate EEP will affect the cross-
sectional variations in returns on short-term assets among individual stocks with different
levels of dividend risk premium, I also examine whether EEP™V™B5(P — () is correlated
with the two variables, DP, an ex-ante measure of dividend risk premium, and PIH, a
proxy for short-sale constraints of underlying assets, by which individual dividend strips

are sorted into portfolios. The last two rows of Panel E of Table 14 report mean values of
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EEPHSV=BS(P _ () of stocks sorted by DP and PIH. The table shows no obvious patterns
of the differences in differences of calls’ and puts’ EEP estimated under the HSV model
and the BS model among stocks with different dividend risk premiums or short-sale con-
straints: regardless of the level of DP or PIH, EEP estimated under the new approach
is slightly lower than it is under the old approach, and the average magnitude of the
difference is similar across DP-sorted and PIH-sorted portfolios. The results indicate that
using the new approach which considers stochastic volatility and uses option-implied div-
idends to measure expected dividends to adjust for EEP will slightly increase the current
values and slightly reduce the returns on individual dividend strips by similar amounts,
and the cross-sectional variations in EEP-adjusted returns on dividend strips sorted by
DP and/or PIH should be similar under the two approaches to estimate EEP.

As a summary, the potential biases in prices of individual dividend strips due to differ-
ences in EEP of call and put options estimated under the Black and Scholes (1973) model
using historical dividends to measure expected dividends and under the Heston (1993)
stochastic volatility model using option-implied dividends to measure expected dividends
on average have very similar magnitudes, and the variations in differences in biases due
to EEP estimated under the two approaches are not correlated with prices of individual
dividend strips, dividend risk premium or short-sale constraints of underlying assets. The
findings indicate that the two problems of the approach used in the previous section to
adjust for EEP—that options can be mispriced by the BS model and that historical div-

idends are not good proxy for expected dividends—are not big concerns, and adjusting
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for EEP under this simpler approach will give results of sorting portfolio analysis similar
to those if a more realistic option-pricing model with stochastic volatility and a better

proxy for expected dividends are used.

8.4 Portfolios Sorted by Stock Characteristics

In the main empirical analysis, dividend strips are sorted into portfolios by the ex-ante
measure of dividend risk premium. In this section, I sort dividend strips into port-
folios by four well-known variables, book-to-market ratio (BM), operating profitabil-
ity (OP), total asset growth rate (ATG) and cumulative stock return in the past six
months (RET(—1,—6)), which are documented by prior studies to predict subsequent
cross-sectional stock returns (Fama and French, 1992, 2015; Titman, Wei and Xie, 2004;
Jegadeesh and Titman, 1993). A stock can be considered as a portfolio of dividend
strips maturing at different horizons. The total stock return is a value-weighted average
of returns on short-term and long-term dividend strips and contains information about
short-run risk and long-run risk of a firm. If the firm characteristics are related to risks
of firms, and short-run risk embedded in claims on near-term cash flows and long-run
risk embedded in claims on long-term cash flows of a stock share common information, it
stands to reason that the firm characteristics are also associated with subsequent returns
on short-term dividend strips. I first test this conjecture by investigating whether there
are variations in returns on dividend strips whose underlying stocks have different firm

characteristics and then examine whether the predictability of stock characteristics on
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subsequent returns on short-term assets can be explained by asset pricing models. This
analysis is a robustness check on whether the superior performances of the five-factor

model is limited to the portfolios sorted by DP.

8.4.1 Portfolio Sorting and Realized Portfolio Returns

At the end of each quarter, dividend strips are sorted into quintile portfolios by one of the
four stock return predictors. As shown in Table 2, distributions of the four variables are
different between the sample of all listed stocks and the sample of listed stocks with options
traded. To ensure that stocks in the sorted portfolios have similar average values of firm
characteristics as the full sample, I use quintile breakpoints of the four variables of all listed
stocks to sort dividend strips. To control for short-sale constraints of underlying stocks,
for each firm characteristic, I do a double-sorting analysis by first sorting stocks based
on PIH and then sorting stocks based on the firm characteristic within each PIH group.
For each sorted portfolio in each quarter, I compute its realized quarterly value-weighted
returns and report the time-series average portfolio returns and associated t-statistics in

Table 15.

[Insert Table 15 here]

Panel A reports time-series average returns of portfolios of dividend strips sorted by
each of the four firm characteristics of underlying stocks. The four stock return predictors
can strongly predict subsequent dividend strip returns in the same directions with their

predictions on subsequent stock returns. For univariate-sorting, average returns of port-
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folios of dividend strips increase monotonically as book-to-market ratio (BM), operating
profitability (OP) and cumulative returns in the past six months (RET(—1,—6)) increase,
and average portfolio returns are lower for stocks with more aggressive investments (higher
ATG). Dividend strips of extreme value stocks significantly outperform dividend strips
of extreme growth stocks by 9.81% per quarter (¢-stat = 4.56). Return spread between
portfolio 5 with the highest profitability and portfolio 1 with the lowest profitability is
12.13%, which is statistically significant, with a ¢-statistic of 3.17. Stocks that invest most
aggressively earn an average dividend strip return of —2.21%, significantly lower than the
average dividend strip return of 9.52% of stocks with the most conservative investments.
Near-term dividend strips of stocks that perform best in the past six months earn sig-
nificantly higher average returns than those of stocks with lowest returns in the past six
months (average return spread = 10.14%, t-stat = 3.38).

Cross-sectional variations in dividend strip returns of portfolios sorted by the four firm
characteristics are robust after short-sale constraints are controlled. Spreads between re-
turns of portfolios with extreme values of firm characteristics tend to be larger among
stocks with lower PIH. However, within each PTH group, average portfolio returns in-
crease with BM, OP, and RET(—1,—6) and decrease with ATG in a monotonic way. For
each quintile portfolio sorted by a firm characteristic, I construct a portfolio by aggre-
gating dividend strips across the five PIH portfolios and report the time-series average
returns of the aggregated portfolios in the row labeled ‘ALL’. The aggregate portfolios

have similar levels of PTH so that differences in returns among the portfolios will not
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be driven by differences in short-sale constraints. The return spreads between the fifth
and first quintile portfolios with the highest and lowest BM, OP, ATG and RET(—1,-6)
are 9.99% (t-stat = 6.12), 11.66% (t-stat = 5.52), —10.83% (t-stat = —7.09) and 10.10%
(t-stat = 5.22), which are statistically significant and comparable with the counterparts
for univariate-sorting. Though not the main interest of this study, the results show that
there is not a clear relation between PIH and subsequent dividend strip returns. Among
stocks with low BM, low profitability, aggressive investments, and low past returns, aver-
age dividend strip portfolio returns tend to be lower for stocks with lower PIH. However,
average portfolio returns are positively associated with PIH for value stocks, profitable
stocks, stocks with conservative investments, and past winners. In short, the predictabil-
ity of the firm characteristics on future dividend strip returns is not driven by short-sale

constraints of underlying stocks.

8.4.2 Asset Pricing Tests

Then I examine whether differences in average portfolio returns of stocks sorted by firm
characteristics can be explained by variations in exposures to risk factors of the four asset
pricing models. Table 16 reports average slope coefficients on of portfolio returns with
respect to different risk factors estimated from time-series regressions in a rolling window.
Panel A reports results for quintile portfolios sorted by firm characteristics alone, and
Panel B reports results for 25 portfolios sorted by PIH and firm characteristics. I use both
the Fama and MacBeth (1973) cross-sectional regressions and full sample period time-
series regressions to examine the performances of the asset pricing models in describing
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average returns on portfolios with different sorts and report the results of regression

analysis in Table 17 and Table 18.

Portfolios Sorted by BM

Variations in dividend strip returns of growth stocks and value stocks can be explained by
the three multi-factor models, while the CAPM is an incomplete description of BM-sorted
dividend strip returns. As shown in Panel A of Table 18, for the five portfolios sorted by
BM, portfolio 4 and 5 with high BM have significantly positive time-series CAPM-alphas
that are more than two standard errors above zero. The GRS (1989) test (Panel C of
Table 18) rejects the CAPM to explain average returns on the five BM-sorted dividend
strip portfolios with a p-value of 0.001. The lousy performance of the CAPM model traces
to the fact that the association between market betas and BM-sorted portfolio returns
are not monotonic and not strong. Notably, as shown in Panel A of Table 16, the first
quintile portfolio with the lowest BM and the lowest realized return has a positive market
beta as high as that of the middle portfolio with neutral BM. Though the market beta
increases from portfolio 2 to portfolio 5, the positive exposures to the market risk of
portfolio 4 and 5 are not high enough to explain their high average returns. Adding risk
factors other than the market risk factor improves the description of average portfolio
returns, as portfolios sorted by BM have very different tilts toward portfolio-based risk
factors. SMB betas and HML betas of the five portfolios increase monotonically as BM
increases. Returns on dividend strips of value stocks have positive exposures to SMB

and HML, which increase expected portfolio returns and shrink regression intercepts. In
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contrast, returns on dividend strips of growth stocks behave more like stock returns of
growth stocks with large firm size, and the negative exposures to SMB and HML help
explain their low average returns. Absolute values of FF3-alphas of all portfolios are
lower than the counterparts of the CAPM, and only the portfolio with extremely high
BM remains significantly positive. The GRS (1989) test fails to reject the three-factor
model at the conventional significance level (p-value = 0.065). Adding UMD produces
slight improvements in explaining average returns. Portfolios in the first and second
quintiles of BM have negative UMD betas while the three portfolios with higher BM
have positive UMD slopes. However, the relation between the UMD beta and BM is not
monotonic. The portfolio of dividend strips of extreme value stocks does not have the
highest exposure to the momentum factor. The four-factor model is not rejected by the
GRS (1989) test with a slightly higher p-value of 0.077. Introducing RMW and CMA
significantly improves the description of average BM-sorted dividend strip returns. The
strongly positive regression intercept of the highest BM portfolio in the three other models
becomes insignificant in the five-factor model. The GRS (1989) test fails to reject the FF5
with a p-value of 0.239. Panel B shows that the improvement produced by the FF5 traces
to the patterns of RMW and CMA slope coefficients among portfolios sorted by BM. The
positive exposures to RMW and CMA of portfolios with high BM and negative exposures
to RMW and CMA of portfolios with low BM push regressions intercepts toward zero.
Results are similar for the 25 portfolios sorted by PIH and BM. Regression intercepts of

the FF5 have the smallest average absolute value, and the GRS (1989) test fails to reject
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the FF5 with the highest p-value of 0.175. Within each PIH group, slopes of SMB, HML,
RMW, and CMA increase in a monotonic way from portfolios of extreme growth stocks to
portfolios of extreme value stocks. The issue of non-monotonic relations between market
beta and UMD beta and average portfolio returns concentrates among stocks with low
PTH. Contrary to the patterns of realized returns, extreme growth stocks with low PIH
do not have low exposures to market risk, and extreme value stocks with low PIH do
not have high exposures to the momentum factor, which plague the performances of the
CAPM and the four-factor model.

Results from cross-sectional regressions also show that the five-factor model performs
the best in explaining average returns of dividend strips sorted by BM. As shown in
Table 17, risk premiums of all risk factors except for the UMD are estimated to be
significantly positive. Average regression intercept is most statistically positive for the
CAPM (\g = 3.04%, t-stat = 2.08) and is smallest and least significant for the FF5 (\g
= 1.01%, t-stat = 0.80). The five-factor model explains 63.1% of variations in average
returns of the 25 portfolios sorted by PIH and BM, which is the highest among the four

models.

Portfolios Sorted by OP

Dividend strips of stocks with high and low profitability have different exposures to risk
factors. Patterns of portfolios’ beta coefficients on the market factor, RMW, and CMA are
consistent with patterns of realized portfolio returns. As shown in Panel A of Table 13, for

the five portfolios sorted by OP, slope coefficients on the market factor, RMW, and CMA
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increase monotonically from the portfolio with the most unprofitable underlying stocks to
the portfolio with the most profitable underlying stocks. For the 25 PTH and OP double-
sorted portfolios, the monotonic patterns between the three risk exposures and realized
portfolio returns hold within each PHI group. Relations between betas coefficients on
HML and UMD and profitability of underlying stocks are humped. For the univariate-
sorting, HML and UMD betas increase from portfolio 1 to portfolio 4 but then decrease
from portfolio 4 to portfolio 5. The humped pattern of UMD beta is more pronounced
among stocks with low PIH, suggesting that returns on portfolios in the highest OP
quintile with low PIH behave more like returns of past losers. Low exposures to the value
factor are common for portfolios with the highest profitability within each PTH group, and
the problem is the most serious for the portfolio with the highest OP and highest PIH,
which has a negative HML beta. Returns on dividend strips of stocks with high (low) OP
behave more like returns on large (small) market capitalization stocks, as suggested by
the monotonically decreasing SMB betas from portfolio 5 to portfolio 1. The pattern of
SMB betas of portfolios sorted by OP is inconsistent with the pattern of average portfolio
returns. For the 25 double-sorted portfolios, the negative relation between SMB beta and
OP is universal within each PIH group.

The patterns of risk exposures give hints on the performances of the four asset pricing
models in describing returns on dividend strips portfolios sorted by OP. As shown in
Panel A of Table 18, though market betas are positively associated with average returns

on OP-sorted portfolios, dispersion in market risk exposures is not enough to explain the
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substantial differences in average dividend strip returns. CAPM-alphas from the time-
series regressions of portfolio 4 and 5 are strongly positive with ¢-statistics greater than 2.
For the 25 double-sorted portfolios, high average returns of portfolios in the fourth and
fiftth OP quintiles within all PIH groups are left unexplained by the CAPM. The significant
regression intercepts result in a strong rejection of the CAPM by the GRS (1989) test in
describing average returns of the univariate-sorted portfolios (with a p-value of 0.009) and
the double-sorted portfolios (with a p-value of 0.014). Introducing SMB and HML hardly
produces improvements. FF3-alphas of three of the five portfolios sorted by OP have
absolute values higher than the counterparts of the CAPM. For the 25 portfolios sorted
by PTH and OP, highly significant regression intercepts of portfolios in the fourth and
fifth OP quintiles do not disappear in the three-factor model. The failure of the FF3 is
linked to the negative (positive) exposures to the size factor of portfolios with high (low)
OP, which push expected returns away from realized returns. Besides, returns of dividend
strip portfolios with the highest OP do not have strong enough associations with the value
factor, especially for portfolios with high PIH. Adding the momentum factor improves
the description of average returns slightly as positive (negative) loadings on UMD helps
explain the high average returns of dividend strips of profitable (unprofitable) stocks.
The two exceptions are the two portfolios with extremely high OP and with low PTH,
whose regression intercepts are higher after UMD is added because their returns covary
more with past losers than with past winners. Both the FF3 and the FFM4 are rejected

by the GRS (1989) test with p-values smaller than 0.05. The five-factor model which
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adds RMW and CMA moves regression intercepts of all portfolios toward zero and makes
the intercepts less significant. The GRS (1989) test fails to reject the FF5 in describing
average returns on the five OP-sorted portfolios and on the 25 portfolios sorted by PIH
and OP at the 10% significance level. Major contributions are made by RMW slopes,
which are strongly positive for higher three quintile portfolios and are strongly negative
for lower two quintile portfolios sorted by OP. The pattern holds within each PIH group
for the 25 double-sorted portfolios. CMA betas have a similar while less pronounced
pattern.

Results of cross-sectional regressions using the 25 portfolios sorted by PIH and OP
as testing portfolios on the four asset pricing models are reported in Table 17. The
market risk, RMW, and CMA are priced factors with significantly positive risk premiums
in the cross section of dividend strips sorted by PIH and OP. Prices of HML and UMD
are estimated to be positive while not statistically significant, while the price of SMB is
insignificantly negative. Consistent with results from the GRS (1989) test, the five-factor
model can well explain differences in returns of dividend strips sorted by OP, as evidenced
by the small and insignificant regression intercept (Ao = 1.02%, t-stat = 1.00) and the

high average adjusted R? (58.5%) from cross-sectional regressions to test the FI'5.

Portfolios Sorted by ATG

Results from cross-sectional regressions (reported in Table 17) and time-series regressions
(reported in Table 18) agree that the FF5 provides the best description of average re-

turns of ATG-sorted and PTH-ATG sorted dividend strip portfolios. Notably, the average
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intercept from cross-sectional regressions using the PIH-ATG double-sorted portfolio as
testing portfolios for the CAPM is significantly positive (Ag = 3.74%, t-stat = 2.15), indi-
cating difficulty of the CAPM in describing average portfolio returns. Average regression
intercepts slightly decreases to 3.56% (t-stat — 1.94) for the FF'3 which adds SMB and
HML and to 3.13% (t-stat = 1.78) for the FFM4 which further adds UMD, indicating
that exposures of portfolio returns to the three factors do not play central roles in ex-
plaining average returns of dividend strips whose underlying stocks have different levels
of investments. Introducing RMW and CMA substantially reduces the average regression
intercept to 1.02%, which is insignificant with a t-statistic of 1.17, and the five-factor
model explains 60.1% of variations in returns of the 25 PTH-ATG sorted portfolios, which
is higher than the proportions explained by the other three models. For time-series anal-
ysis, regression intercepts of the CAPM are significantly positive for portfolios in the first
and second ATG quintiles. The FF3 and the FFM4 models move regression intercepts
toward zero. However, the models still produce positive intercepts, which are about two
standard errors above zero for the lower two ATG quintile portfolios. The five-factor
model can explain the strongly positive intercepts of the second ATG quintile portfolios
under the other models, and though high average returns of portfolios with extremely low
ATG still remain unexplained, absolute values of their regression intercepts get smaller
than corresponding values without RMW and CMA. The GRS (1989) test statistic to
test the FF5’s ability to explain average portfolio returns is 1.787 (p-value = 0.125) for

ATG-sorted portfolios and is 1.411 (p-value = 0.142) for PIH-ATG double-sorted portfo-
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lios, which are lower than the test statistics on the CAPM, the FF3, and the FFM4.
Patterns of average exposures of portfolio returns to risk factors (as reported in Ta-
ble 17) help interpret the performances of asset pricing models. Market betas generally
decrease from portfolios with low asset growth rates to portfolios with high asset growth
rates, though the relation is not strictly monotonic from portfolio 4 to portfolio 5. The
double-sorting analysis reveals that the problem comes from portfolios with the highest
ATG and low PIH, which have market betas higher than portfolios in the fourth ATG
quintiles with low PIH. The pattern of market betas of the portfolios shrinks returns
spreads between portfolios with high and low ATG. However, dispersion in market be-
tas is not enough to fully explain differences in average portfolio returns. Exposures to
portfolio-based risk factors vary across the dividend strip portfolios and produce improve-
ments over the CAPM. Portfolios with lower ATG have more positive SMB betas, which
holds for both univariate-sorted portfolios and quintile portfolios of ATG within each PTH
group. The pattern of SMB slopes is consistent with the pattern of realized portfolio re-
turns and improves the description of average returns for the FF3 model. The pattern
of HML slopes is not monotonic. In particular, the portfolio with the most conservative
investments has low exposure to the value factor. The double-sorting analysis shows that
this issue is common for all portfolios in the lowest ATG quintile and is more severe for
stocks with higher PIH. Except for portfolios with extremely low ATG, HML betas are
generally higher for portfolios with lower ATG, which helps explain average returns of the

portfolios and contributes to the better performance of the FF3 than the CAPM. The
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FFM4 that adds UMD performs better than the FF3, which is due to the monotonically
positive relation between UMD betas and realized portfolio returns, for both univariate-
sorted portfolios and double-sorted portfolios. However, the dispersion in UMD slopes is
not large compared to exposures to other risk factors, so the improvement of the FFM4
is limited. The five-factor model which adds RMW and CMA provides more significant
improvements than the four-factor model does. The primary lifting of the FF5 comes
from the pattern of CMA betas. For both univariate-sorting and double-sorting, CMA
betas decrease monotonically from dividend strips of stocks with the most conservative
investments to dividend strips of stocks with the most aggressive investments. RMW
betas show a similar while relatively less pronounced pattern. Portfolios in the first ATG
quintile have strongly positive exposures to RMW, while portfolios in the fifth ATG quin-
tile have strongly negative exposures to RMW. Positive (negative) RMW and CMA betas
help explain high (low) average returns of dividend strip with profitable (unprofitable)

underlying stocks.

Portfolios Sorted by RET(—1,—6)

The significant outperformance of dividend strips of past winners over those of past losers
cannot be explained by the CAPM. As shown in Table 16, for the five portfolios sorted
by lagged stock returns, average market betas increase monotonically from portfolio 1 to
portfolio 5. For portfolios sorted by PIH and RET(—1,—6), the positive relation between
market beta and lagged stock return holds within each PIH group. However, compared

to that of portfolios sorted by other variables, the dispersion in market betas among divi-
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dend strip portfolios sorted by RET(—1,—6) is less wide. For both univariate-sorting and
double-sorting, though market betas of the portfolios in the fourth and fifth quintiles of
RET(—1,—6) are higher than market betas of the three lower RET(—1,—6) quintiles, their
market betas are not high enough to explain the high realized portfolio returns and time-
series regression intercepts of the two portfolios are significantly positive with ¢-statistics
greater than two. The GRS (1989) test strongly rejects the CAPM in explaining average
returns of univariate-sorted portfolios and double-sorted portfolios with p-values less than
0.01. Consistent with results from time-series analysis, average regression intercept from
cross-sectional regressions of quarterly excess returns of the 25 double-sorted portfolios
on quarterly excess return of the market portfolio is 2.85%, statistically significant with
a t-statistic of 2.01, and the CAPM on average explains 26.7% variations in portfolio
returns, indicating that the CAPM does not well describe average returns on dividend
strips sorted by RET(—1,—6).

The three-factor model is better at explaining dividend strip returns sorted by lagged
returns than the CAPM. Introducing SMB and HML shrinks time-series intercepts of
the portfolios. The FF3 is still rejected by the GRS (1989) test at conventional signif-
icance level, but the p-values are higher than those of the CAPM (p-value = 0.021 for
univariate-sorting and p-value = 0.017 for double-sorting). Average intercept of cross-
sectional regressions is smaller and less significant (Ao = 2.11%, t-stat = 1.97) and av-
erage adjusted R? gets higher (average R?> = 39.9%) after betas on SMB and HML are

included as explanatory variables. Improvement of the FF3 mainly traces to the pattern
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of SMB slopes of the portfolios. Dividend strips of past winners (losers) have positive
(negative) exposures to SMB, which increase (decrease) expected portfolio returns. HML
slopes also contributes to the better performance of the FF3, as portfolios in the three
higher quintiles of RET(—1,—6) have positive exposures to HML and portfolios in the two
lower quintiles of RET(—1,—6) have negative exposures to HML. The pattern of HML is
not strictly monotonic, as the portfolio with the highest lagged stock return has a HML
beta lower than that of the portfolio with the second highest lagged stock return. The
double-sorting analysis shows that the non-monotonic issues concentrates on portfolios
with low PIH. The portfolios have very different exposures to the momentum factor. For
both univariate-sorting and double-sorting, UMD betas increase monotonically from sig-
nificantly negative for the first RET(—1,—6) quintiles to significantly positive for the fifth
RET(-1.-6) quintiles. Though the FFM4 still underestimates expected returns of portfo-
lios with extremely high RET(—1,—6), compared to the FF3, intercepts from time-series
regressions of the portfolios are pushed toward zero and the p-values of the GRS (1989)
test (p-value — 0.090 for univariate-sorting and p-value — 0.112 for double-sorting) are
higher than those of the three-factor model. The FF5 factor model which adds RMW and
CMA also provides big improvements in the description of average returns on portfolios
sorted by RET(—1,—6). Dividend strips whose underlying stocks earn high cumulative
returns in the previous six months have positive RMW and CMA betas, suggesting that
returns on such dividend strips behave more like returns on profitable stocks with conser-

vative investments. Positive exposures to RMW and CMA help explain the high realized
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returns of past winners’ dividend strips and move time-series regression intercepts toward
zero. Regression intercepts of the FF5 are smaller and less significant than intercepts of
the CAPM and FF3, and are comparable in terms of magnitudes and significance with
those of the four-factor model which includes the momentum factor. The FF5 model is
rejected by the GRS (1989) test with p-values (0.112 for univariate-sorting and 0.126 for
double-sorting) slightly higher than those of the FFM4. Results from cross-sectional re-
gressions also indicate that both the FFM4 and the FF5 are better descriptions of average
portfolio returns of dividend stripes sorted by PIH and RET(—1,—6) than the FF3 and
the CAPM. Average regression intercepts of the FF5 is 1.09% (t-stat = 1.47), smaller
and less significant than that of the FEM4 (\g = 1.43%, t-stat = 1.78), and the average
proportion of variations in average portfolio returns explained by the FF5 is 55.5%, higher

than that of the FFM4 (average R? — 49.4%).

Summary of Asset Pricing Tests

In summary, similar to their ability to predict future stock returns, the four firm char-
acteristics can also predict subsequent dividend strip returns, indicating that firm risks
in the short run and in the long run may share common information. Variations in av-
erage returns of dividend strips sorted by underlying stocks’ characteristics can be well
explained by the five-factor model while the other three models seem to be incomplete
specifications. Dividend strips of stocks with firm characteristics that are associated with
high realized dividend strip returns (i.e., high DP, high BM, high OP, low ATG and high

RET(—1,-6)) typically have positive exposures to RMW and CMA, and dividend strips
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with low realized returns (i.e., low DP, low BM, low OP, high ATG and low RET(—1,—6))
generally have negative loadings on RMW and CMA. RMW and CMA carry significantly
positive risk premiums regardless of the testing portfolios. Market betas of dividend strip
portfolios have a similar pattern. However, the positive relation between market beta and
realized dividend strip return is not strong enough to fully explain differences in average
dividend strip returns. Patterns of SMB betas produce mixed results. Relations between
SMB betas and sorting variables are in the correct direction to explain average returns of
dividend strips sorted by BM, ATG and RET(—1,—6) while are in the wrong direction
for portfolios sorted by DP and OP. HML betas help improve descriptions of dividend
strip returns in many cases but show strong humped relations with realized returns in
some cases. For the momentum factor, UMD betas are generally positively associated
with realized portfolio returns for all sorting variables. However, except to the portfolios
sorted by RET(—1,—6), the relation between UMD betas and realized portfolio returns
are relatively flat and price of UMD is estimated to be insignificantly positive in the cross
section of dividend strips. The results suggest the superior performance of the FF5 is
not specific to dividend strip portfolios sorted by historical dividend premium and that
average dividend strip returns associated with different firm characteristics share common
exposures to risks other than the market factors which are better captured by RMW and
CMA than by HML, SMB and UMD. Low RMW and CMA, i.e., when firms with robust
profitability and conservative investments underperform firms with weak profitability and

aggresive investments, represent a bad economic state. Dividend strips that have negative
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association with RMW and CMA provide hedge against the bad state and investors ask
for low risk premium on such assets. Dividend strips that have positive association with
RMW and CMA perform badly in the bad state and are less attractive assets for which

investors ask high risk premiums.

126



Chapter 9

Conclusions

Cash dividend remains an essential way for companies to distribute cash flows to equity
holders, and is an important component of stock price. Studying the pricing of dividend
strips which entitle investors to dividends paid during a finite period and contain infor-
mation about equity discount rates at different maturities can help us better understand
the formation of stock price. I use options written on individual equity in the U.S. market
to replicate claims on near-term dividend payments from individual firms and recover
their values from the put-call parity relation. I examine the asset pricing properties of
dividend strips at the aggregate level and in the cross section of individual firms. The
return on individual dividend strip is on average high, which is related to the fact that
in contrast to the conventional wisdom of sticky dividends, actual quarterly dividends on
average deviate a lot from expected dividends measured either by historical dividends or
by analyst consensus dividend forecasts, suggesting considerable uncertainty in quarterly
dividend payments from individual stocks. Returns of claims on short-term dividends

vary substantially across stocks sorted by the ex-ante measure of dividend risk premium.
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Asset pricing tests indicate that both the average return on the aggregate dividend strip
made up of all individual dividend strips and the cross-sectional variations dividend strip
returns can be well explained by the Fama and French (2015) five-factor model, but are
not driven by measurement errors, differences in dividend policies, short-sale constraints
of underlying stocks or early exercise premiums in prices of American-style options. The
five-factor model also performs the best in explaining variations in returns on dividend
strips of stocks with different firm characteristics, suggesting that dividend strip returns
associated with different sorts share common exposures to risk factors well captured by
the profitability (RMW) and investment (CMA) factors.

Results from this thesis indicate that and adding RMW and CMA may help explain
the puzzling finding of the high average return of claims on short-term equity cash flows
documented by prior studies using index derivatives. The high average value and sub-
stantial cross-sectional variations of returns on single cash flows of individual companies
indicate that it is interesting to examine the term structure of equity at the corporate
level. This thesis provides a model-free approach that can reliably calculate prices and
returns of claims on single cash flows at the firm level from options prices. Future research
can use this model-free approach to estimate a term structure of equity for individual firms
when the market of derivatives on individual stocks becomes more liquid, and contracts

with longer time-to-maturities are available.
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Tables

Table 1
Summary Statistics: Stock Characteristics

Panel A.1 and A.2 present equity characteristics for listed stocks with options and for all stocks
listed on NYSE, AMEX and NASDAQ. LogSIZFE is the natural logarithm of total market
capitalization. BM is the book-to-market ratio. ATG is the annual total asset growth rate.
OP is the operating profitability. RET(—1,—6) is the compounding stock return in the prior
six months and is reported in percentage. PIH is the percentage of institutional holdings.
Mean, standard deviation (std), first quartile (p25), median (p50) and third quartile (p75) are
reported. Panel B.1 and B.2 report cross-sectional Pearson correlations between each pair of
variables for the stocks with options and for all listed stocks. 1 first calculate cross-sectional
statistics in each quarter and report time-series averages of the statistics. The sample period is
from January 1996 to December 2017.

A. Stock Characteristics
A.1 Sample of Stocks with Options Traded

mean std p25 p50 P75
LogSIZE 20.97 1.62 19.83 20.84 21.98
BM 0.57 0.70 0.26 0.51 1.10
ATG 0.24 0.88 —0.01 0.09 0.24
oPpP 0.31 3.73 0.00 0.25 0.39
RET(-1,-6) 7.66 40.07 —13.18 3.51 21.48
PIH 0.66 0.25 0.51 0.72 0.86

A.2 Sample of Stocks Listed on NYSE, AMEX and NASDAQ

mean std p25 p50 P75
LogSIZE 19.55 2.06 18.08 19.48 20.93
BM 0.69 0.73 0.29 0.58 1.01
ATG 0.19 1.51 —0.03 0.06 0.20
op 0.17 2.82 0.01 0.18 0.34
RET(-1,-6) 6.79 43.09 —14.51 2.58 20.55
PIH 0.46 0.32 0.16 0.47 0.74
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Table 1
Summary Statistics: Stock Characteristics, Cont.

B. Correlation Matrix
B.1 Sample of Stocks with Options Traded

BM ATG OoP RET(-1,-6) PIH
LogSIZE —0.076 0.054 0.033 0.033 0.435
BM —0.007 —0.001 —0.003 —0.011
ATG —0.001 —0.029 0.008
op 0.006 0.016
RET(—1,-6) 0.051
B.2 Sample of Stocks Listed on NYSE, AMEX and NASDAQ

BM ATG OP RET(-1,-6) PIH
LogSIZE —0.083 0.044 0.087 0.011 0.127
BM —0.035 —0.021 —0.042 —0.029
ATG —0.017 —0.045 0.002
OoP 0.014 0.076
RET(—1,-6) 0.067
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Table 2
Uncertainty of Individual Dividends

Panel A and B report cross-sectional distributions of the mean and root mean square error of
quarterly dividend growth rate and analyst dividend surprise, respectively. In Panel A, ¢? is
time-series average of quarterly dividend growth rate, which is equal to the percentage change
of dividend of a stock in a quarter from the dividend of that stock in the same fiscal quarter of
the previous fiscal year. RMSE(g?) is the root mean squared error of quarterly dividend growth
rate, which is the square root of mean squared quarterly dividend growth rate. A.l reports
results for all stocks listed on NYSE, AMEX and NASDAQ with at least one positive regular
cash dividend during the sample period. A.2 reports results for listed dividend payers with
options traded. A.3 presents results for listed stocks with analyst dividend forecasts available.
A 4 presents results for listed stocks with analyst following and with options traded. In Panel B,
e is analyst dividend forecast error, defined as the ratio of actual dividend per share to the last
consensus analyst forecast on dividend per share preceding dividend announcements minus 1.
RMSE(e?) is the root mean squared analyst dividend forecast error. Mean, standard deviation
(std), the first quartile (p25), median (p50) and third quartile (p75) are reported in percentage.
For Panel A.1 and Panel A.2, the sample period is from January 1996 to December 2017.
For Panel A.3, Panel A .4 and Panel B, the sample period is from January 2002 to December 2017.

A. Naive Model
A.1 All Dividend Payers

mean std p25 ph0 P75
q® 1.17 25.34 —4.53 1.60 8.38
RMSE(¢%) 31.85 50.55 16.33 29.62 52.10
A.2 Dividend Payers with Options

mean std p25 p50 P75
g® 2.02 18.37 —1.99 2.40 8.29
RMSE(¢%) 28.64 35.93 15.98 26.19 42.63
A.3 Dividend Payers with Analyst Forecasts

mean std p25 p50 P75
q® 2.26 17.83 —2.87 2.85 7.99
RMSE(¢%) 29.82 37.14 16.18 26.98 43.11
A4 Dividend Payers with Analyst Forecasts and with Options

mean std p25 p50 P75
g9° 3.14 16.94 —1.45 3.35 8.32
RMSE(g%) 27.06 37.47 15.60 25.88 42.08
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Table 2
Uncertainty of Individual Dividends, Cont.

B. Analyst Dividend Forecast
B.1 Dividend Payers with Analyst Forecasts

mean std p25 p50 P75
e? 0.87 18.88 —3.56 0.29 3.02
RMSE(e?) 26.31 38.62 9.44 24.44 45.43
B.2 Dividend Payers with Analyst Forecasts and with Options

mean std p25 p50 p7o
ed 0.71 17.93 —2.89 0.23 3.29
RMSE(e?) 24.96 35.07 9.26 23.66 40.99
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Table 3
Summary Statistics: Options Characteristics

This table presents characteristics of option contracts written on individual stocks that

are used to calculate values of dividend strips.

K/S is the ratio of strike price to the

price of the underlying stock, 7 is number of days until the option maturity date, IV is
option-implied volatility, Ol is open interest, and VOL is daily trading volumes of options

In contracts.

Mean, standard deviation (std), first quartile (p25), median (p50) and third

quartile (p75) are reported. I first calculate cross-sectional statistics in each quarter and report
time-series averages of the statistics. The sample period is from January 1996 to December 2017.

K/S
-

1A%
VOL
0l

mean std p25 p50 P75
1.00 0.04 0.96 1.00 1.04
90 33 59 89 115
0.49 0.25 0.32 0.43 0.60
45 302 0 1 12
911 3,758 41 154 574
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Table 4
Summary Statistics: Dividend Premium, Dividend Yield and Option-Implied

Dividend Yield

DY is annualized dividend (D) in the next quarter divided by current stock price, IDY is
annualized option-implied dividend (DI) divided by current stock price, DP is difference between
present value of annualized D and annualized DI divided by current stock price, and r is
quarterly return on dividend strips. I first calculate cross-sectional statistics in each quarter
and report, the time-series averages of the statistics. Panel A presents summary statistics for
the full sample of stocks with options traded. Panel B reports summary statistics of variables
with DI adjusted for early exercise premium. DIF is the difference between IDY not adjusted
for and adjusted for early exercise premium. Panel C presents summary statistics for the sample
of dividend payers, defined as stocks that have ever paid a positive regular cash dividend in the
previous five years. DP, DY, IDY and DIF are in annual percentage terms, and r is in quar-
terly percentage terms. Mean, standard deviation (std), the first quartile (p25), median (p50)
and third quartile (p75) are reported. The sample period is from January 1996 to December 2017.

A. Full Sample

mean std P25 p50 P75
DY 1.18 2.27 0.00 0.06 1.72
IDY 1.10 1.95 0.04 0.20 1.68
DP 0.08 2.20 —0.72 0.05 0.90
T 3.12 32.62 —13.07 1.66 19.69

B. Adjust for Early Exercise Premium

mean std P25 p50 P75
DY 1.11 2.21 0.00 0.05 1.67
IDY 1.04 1.96 0.01 0.18 1.62
DP 0.07 2.12 —0.67 0.10 0.86
r 3.98 32.46 —12.34 3.08 21.77
DIF 0.02 0.95 —0.05 0.03 0.09
C. Dividend Payers

mean std P25 p50 p7o
DY 2.57 2.74 0.91 1.95 3.40
IDY 2.27 2.14 0.81 1.75 3.12
DP 0.30 2.52 —0.85 0.06 1.05
r 5.61 36.53 —15.50 3.31 26.75
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Table 5
Return on Aggregate Dividend Strip

Panel A reports times-series statistics of quarterly return on the aggregate dividend strip,
quarterly return on the market portfolio and quarterly portfolio-based risk factors. Return
on the aggregate dividend strip r;;‘H = (D;;‘H + DIqAJrl)/DI‘q4 — 1, where D(;‘H is the realized
aggregate dividend in quarter ¢ + 1, and DIqA and DI(‘;‘H are the values of the claim on
aggregate dividend at the end of quarter ¢ and quarter ¢ + 1. 7™ is the return on the S&P
500 index. 74 and #™ are the return on the aggregate dividend strip and on the market index
in excess of the risk-free rate. SMB is the size factor. HML is the value factor. UMD is the
momentum factor. RMW is the profitability factor. CMA is the investment factor. Mean,
median (med), standard deviation (std), skewness (skew) and kurtosis (kurt) are reported.
Numbers are reported in quarterly percentage terms. Panel B reports intercepts and slope
coefficients from regressions of excess return on the aggregate dividend strip on rigk factors
of different asset pricing models. aACAPM = AFFS =~ AFFMA 5 q oAFFS are intercepts of the
capital asset pricing model (CAPM), the Fama and French (1993) three-factor model (FF3),
the Carhart (1997) four-factor model (FFM4) and the Fama and French (2015) five-factor
model (FF5). Alphas are reported in percentage. g4™, g4, gAh gAu gAT and g4 are the
slope coefficients of the excess return on the aggregate dividend strip on the excess return on
the market portfolio, SMB, HML, UMD, RMW and CMA, respectively. R? is adjusted R?. t-
statistics are reported in parentheses. The sample period is from January 1996 to December 2017.

A. Summary Statistics of Returns on Assets and Risk Factors

mean med std skew kurt
rm 2.53 3.12 8.07 —0.54 3.54
7 1.98 2.62 8.09 —0.52 3.43
SMB 0.58 0.44 4.72 0.07 2.84
HML 0.64 0.31 6.40 0.84 5.88
UMD 0.72 —0.14 4.39 1.34 6.52
RMW 1.13 0.67 5.52 0.94 8.11
CMA 1.14 1.36 8.84 —0.85 7.98
rA 4.62 4.25 15.22 —0.06 3.52
A 4.08 3.89 15.53 —0.07 3.31
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Table 5

Return on Aggregate Dividend Strip, Cont.

B. Asset Pricing Tests on Aggregate Dividend Strip

aA,CAPM BA,m RQ
CAPM 3.50 0.29 0.0476
(2.11)  (1.43)
aA,FF?; BA,m BA,s BA,h R2
FF3 3.15 0.27 0.22 0.57 0.102
(1.90)  (1.32) (085 (227
aA,FFM4 BA,m ﬁA’S ﬂA’h BA,u R2
FFM4 2.64 0.26 0.16 0.55 0.10 0.125
(1.77)  (1.00) (038  (222)  (0.54)
aA,FFE) BA,m BA,S BA,h /BA,T‘ 5A,c R2
FF5 2.29 0.27 0.16 0.61 0.30 0.57 0.174
(1.19)  (1.38) (057 (204  (1.76)  (2.30)
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Table 6
Sorting Portfolio Analysis: Stock Characteristics

This table presents average values of characteristics of quintile portfolios sorted by DP, the
average normalized dividend premium in the last four quarters, and 25 portfolios sorted by
PIH, the percentage of institutional holding, PIH, and DP. For the univariate-sorting, at
the end of each quarter ¢, stocks are sorted into portfolios based on DP. Portfolio 1 (5) has
the lowest (highest) DP. For double-sorting, at the end of each quarter ¢, stocks are first
sorted into five portfolios based on PIH, and within each portfolio, stocks are then sorted
by DP. In the column labeled DP, Portfolio 1 (5) has the lowest (highest) DP. In the row
labeled PIH, Portfolio 1 (5) has the lowest (highest) PTH. LogSIZE is the natural logarithm
of total market capitalization. BM is the book-to-market ratio. ATG is the annual total
asset growth rate. OP is the operating profitability. RET(—1,—6) is the compounding stock
return in the prior 6 months and is reported in percentage. PIH is defined as shares held
by institutions divided by total number of shares outstanding. RR is portfolio retaining
rate, defined as the proportion of stocks in a portfolio in the previous quarter that remains
in the same portfolio in this quarter. In each quarter for each portfolio, I calculate mean
values of characteristics of stocks in the sample and report time-series averages of mean val-
ues of the variables for each portfolio. The sample period is from January 1996 to December 2017.

A. Stock Characteristics, Quintile Portfolios Sorted by DP

DP
1 2 3 4 5
BM 0.41 0.49 0.55 0.64 0.72
LogSIZE 19.53 19.97 20.76 21.35 21.79
ATG 0.34 0.29 0.25 0.22 0.16
oP 0.15 0.27 0.34 0.40 0.45
RET(—1,-6) 1.26 1.70 2.21 2.46 2.78
PIH 0.69 0.68 0.66 0.67 0.67
RR 0.92 0.85 0.78 0.81 0.95
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Table 6

Sorting Portfolio Analysis: Stock Characteristics, Cont.

B. Stock Characteristics, 25 Portfolios Sorted by PIH and DP

PIH: Percentage of Institutional Holding

DP
1 2 3 4 5
1 0.37 0.30 0.29 0.28 0.27
2 0.58 0.59 0.58 0.59 0.56
PIH 3 0.73 0.73 0.72 0.72 0.73
4 0.84 0.84 0.83 0.84 0.84
5 0.94 0.94 0.93 0.93 0.94
BM: Book-to-market Ratio
DP
1 2 3 4 5
1 0.45 0.51 0.58 0.68 0.74
2 0.43 0.49 0.57 0.66 0.72
PIH 3 0.41 0.51 0.56 0.63 0.72
4 0.40 0.50 0.52 0.62 0.70
5 0.38 0.48 0.51 0.60 0.68
LogSIZE: Firm Size
DP
1 2 3 4 5
1 19.04 19.29 20.26 20.51 21.00
2 19.78 19.91 20.53 21.15 21.95
PIH 3 19.85 20.32 21.00 21.14 21.12
4 19.70 20.01 20.81 21.49 22.05
5 19.42 20.30 20.44 21.19 22.11
ATG: Total Assets Growth Rate
DP
1 2 3 4 5
1 0.30 0.25 0.23 0.21 0.14
2 0.32 0.24 0.25 0.22 0.16
PIH 3 0.33 0.27 0.25 0.21 0.18
4 0.35 0.28 0.24 0.23 0.19
5 0.35 0.32 0.25 0.22 0.19
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Table 6

Sorting Portfolio Analysis: Stock Characteristics, Cont.

B. Stock Characteristics, 25 Portfolios Sorted by PIH and DP

OP: Operating Profitability

1
2
PIHd 3
4
5

RET(—1,-6): Past 6-months Stock Return

PIH

QU= W N~

RR: Retaining Ratio

PIH

QU =~ W N~

DP
1 2 3 4 5]
—0.06 0.15 0.32 0.33 0.39
0.17 0.23 0.34 0.37 0.44
0.17 0.29 0.36 0.38 0.46
0.18 0.29 0.36 0.40 0.46
0.21 0.31 0.35 0.42 0.45
DP
1 2 3 4 3
0.56 1.11 1.64 2.33 2.60
1.39 1.71 1.92 2.14 2.55
1.41 1.82 2.28 2.49 2.65
1.42 1.92 2.35 2.61 3.21
1.34 1.87 2.48 3.03 3.24
DP
1 2 3 4 b}
0.93 0.77 0.71 0.75 0.88
0.87 0.74 0.68 0.77 0.87
0.86 0.74 0.68 0.70 0.79
0.79 0.66 0.60 0.62 0.72
0.88 0.73 0.66 0.67 0.81
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Table 7
Portfolio Realized Returns

Panel A reports time-series average returns on portfolios, 7P, in quarterly percentage terms,
of the five portfolios of dividend strips sorted by DP. At the end of each quarter g, stocks
are sorted into portfolios based on DP, the average historical normalized dividend premium
in the last four quarters. Portfolio 1 (5) has the lowest (highest) DP. Panel B reports
time-series average returns on the portfolios of dividend strips, rP, in quarterly percentage
terms, of the 25 portfolios sorted by PIH and DP. At the end of each quarter g, stocks are
first sorted into five portfolios based on the percentage of institutional holding, PIH, and within
each portfolio, stocks are then sorted into five sub-portfolios based on the average dividend
premium in the last four quarters, DP. In the row labeled DP, Portfolio 1 (5) has the lowest
(highest) DP. In the column labeled PIH, Portfolio 1 (5) has the lowest (highest) PIH. In each
column, the five PIH portfolios are aggregated into one portfolio, and returns on the aggregate
portfolios are reported in the last row labeled by ALL. Column labeled 5—1 represents spread
in returns between Portfolio 5 and 1. The sample period is from January 1996 to December 2017.

A. Portfolio Realized Returns rP, univariate-sorting

DP
1 2 3 4 5] o—1
—2.87 —1.55 3.71 7.38 11.91 14.78

(—1.26)  (—0.69)  (2.12)  (327) ( 4.60) ( 4.53)

B. Portfolio Realized Returns 7P, double-sorting

DP
1 2 3 4 5 5-1
1 —3.32 —2.83 4.75 8.34 14.63 17.95
(=1.29)  (=1.15)  (246)  (3.25)  ( 4.89) ( 4.09)
2 —5.87 —1.22 4.83 8.48 11.93 17.80
(=2.21)  (=0.50)  (2.50)  (3.44)  ( 4.46) ( 4.90)
PIH 3 —3.07 ~1.37 4.78 6.51 11.33 14.40
(-=1.21)  (=0.50)  (2.26)  (256)  ( 4.11) ( 4.54)
4 —3.09 —0.54 4.11 4.36 10.75 13.84
(-1.31)  (=0.21)  (2.09) (179  ( 4.01) ( 4.11)
5 —2.62 —0.42 3.44 6.77 12.11 14.73

(=1.02)  (=0.17)  (1.79)  (292) ( 4.41) ( 4.00)

ALL ~359  —1.28 4.38 6.89 12.15 15.74
(—2.33)  (=0.59)  (261) (337 ( 5.29) ( 5.82)
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Table 8
Portfolio Risk Exposures

This table reports the time-series means of conditional risk exposures and associated t-statistics
of the five portfolios sorted by DP (Panel A) and of the 25 portfolios sorted by PIH and DP
(Panel B). gpm, grs, gph et gproand BPC are time-series averages of risk exposures of
dividend strip portfolio p’s return, rP, with respect to the market risk factor, the size factor
(SMB), the value factor (HML), the momentum factor (UMD), the profitability factor (RMW)
and the investment factor (CMA), and are estimated from time-series regressions in a rolling

window of data.

The sample period is from January 1996 to December 2017.

t-statistics of betas are adjusted for autocorrelation and heteroscedasticity.

A. Risk Exposures, univariate-sorting

DP
1 2 3 4 5
CAPM: Capital Asset Pricing Model
prm 045 —0.21 0.29 0.74 1.68

FF3: Fama and French Three-Factor Model

pPm o —0.41 —0.23 028 0.74  1.63
@W 0.60 046 0.24 —0.18 —0.41
prh —045 —0.25 035  0.65  0.78
FFM4: Carhart Four-Factor Model

prmo —0.41 —0.22 032  0.81 1.69
@va 0.61 0.37 0.32 —0.27 —041
gt —044 —0.19 035 063 0.7
pPv —0.27 —0.20 022  0.38 048

FF5: Fama and French Five-Factor Model

prm —045 —0.19 030  0.81
[P 0.57 048 027 —0.22
prh 046 —0.25 0.32  0.65
pPT —0.34  —0.27 046  0.65
pre —0.30 —0.09 0.39  0.67

1.64
—0.42
0.79
0.96
0.83

t(BP™)

t(@p,m)
t(6"°)
UCy

~+
33
g T % 3

N N

=

/i/i/\/\
DRI

DP

1 2 3 4 b}
—499 -197 3.25 7.71 9.52
—4.85 —-1.98 3.08 5.86 9.46

4.05 217 197 -—-145 —-3.43
—3.91 —-255 2.62 5.27 5.46
—5.28 —2.02 258 6.08 9.12

4.60 1.68 2.04 —-223 -2.74
-3.19 -226 3.07 4.65 5.95
—248 —199 194 3.33 3.37
—4.00 —-2.32 295 5.75 8.81

4.03 206 197 —-137 —-3.54
—-3.26 —2.19 245 4.96 5.81
—-3.15 =233 242 2.90 5.03
—2.57 —0.72 344 3.90 4.87
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Table 8 Portfolio Risk Exposures, Cont.

B. Risk Exposures, double-sorting

DP DP
1 2 3 4 b} 1 2 3 4 5}
CAPM: Capital Asset Pricing Model
prm tHBm™)
1 —040 —-0.23 043 0.76 1.53 —4.49 —-250 3.89 6.76 9.52
2 —-048 —-0.26 0.43 0.82 1.67 —5.68 —196 3.96 6.15 9.52
PIH 3 -0.16 —-0.25 0.37 0.82 1.54 —1.52 —229 3.37 6.69 9.54
4 —0.40 —-0.11 0.28 0.68 1.36 —-5.09 —-1.29 3.14 6.02 8.08
5 —0.26 —-0.13 0.31 0.64 1.37 —-3.95 —-1.14 3.23 6.00 8.25

FF3: Fama and French Three-Factor Model

prm HB™)
1 -039 -0.26 046 0.73 1.52 -4.29 -2.43 3.02 6.02 8.68
2 -047 027 042 0.76 1.53 —4.46 —-220 412 5.05 8.02
PIH 3 019 -0.27 027 0.78 1.49 -1.76 —-2.10 3.32 4.59 9.12
4 046 -0.10 0.25 0.66 1.38 —-3.25 —-099 298 6.66 7.73
5 =026 -0.16 0.22 0.66 1.38 —-2.53 —098 3.01 5.89 8.29
pre H(B™)
1 1.00 0.72 040 -0.09 -0.59 6.21 496 215 -0.59 -2.76
2 074 069 029 -014 -0.60 425 379 150 -0.95 -—3.88
PIH 3 0.57 0.42 026 -0.17 -0.73 4.49 280 208 -1.24 -516
4 0.44 038 028 —-0.19 -0.34 2.53 224 129 -130 -251
5 0.36 0.43 025 -0.29 -0.76 2.45 3.59 151 -2.05 -524
Bt L")
1 -067 -0.29 046 0.67 0.85 —-4.18 —-3.36 3.46 4.10 6.50
2 -046 -0.27 041 0.75 0.81 —4.48 293 342 4.21 4.96
PIH 3 052 -0.24 033 0.56 0.70 —-4.18 —-1.69 3.05 5.12 3.57
4 —-0.18 —0.08 0.22 0.58 0.62 -1.91 —-130 3.10 3.46 4.09
5 —019 -0.09 0.16 052  0.65 —-1.00 -1.15 1.14 349  4.89
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Table 8 Portfolio Risk Exposures, Cont.

DP DP
1 2 3 4 5 1 2 3 4 5
FFM4: Carhart Four-Factor Model
Bp,m t(Bp,m)
1 —-0.40 —-0.22 041 0.70 1.46 —-3.55 —2.89 285 533 8.78
2 —-045 -0.26 040 0.83 1.66 —429 -2.12 342 6.61 8.81
pPIH 3 -0.15 -0.19 0.29 0.77 1.56 —1.21 —-1.56 297 5.03 8.02
4 -0.38 -—-0.16 0.38 0.73 1.39 -3.19 —-1.36 2.76 6.08 7.19
5 =019 -0.09 0.30 0.67 1.42 —1.68 —-0.94 280 5.82 7.94
e 1Be)
1 0.96 0.74 046 —-0.09 —-0.57 5.09 4.08 243 —-042 -—-222
2 0.83 0.65 034 -0.17 -0.61 4.25 524 211 —-1.12 —3.58
PIH 3 0.57 043 0.28 —-0.15 -0.61 3.94 214 115 -—-1.07 -3.92
4 0.41 0.33 025 -—-0.18 -0.33 2.15 186 162 -1.16 —-2.39
5 0.35 044 0.19 -0.22 -0.76 2.74 2.51 1.21 -1.38 -5.12
g (3"
1 —0.60 —-0.23 049 0.65 0.84 —4.32 —-246 3.23 3.96 5.26
2 =051 =030 042 0.62 0.87 —4.78 —-3.12 3.01 5.04 5.64
PIH 3 -—-043 -0.12 0.25 0.57 0.77 —4.46 —-0.75 211 4.34 4.33
4 —-0.16 —-0.13 024 0.55 0.71 —144 —154 314 4.14 4.32
5 —=0.09 -0.05 0.17 0.57 0.69 —0.70 —-0.55 1.22 3.43 4.45
pro ()
1 —0.75 =056 0.25 0.45 0.58 -394 —-243 236 271 4.02
2 =050 -0.31 028 0.36 0.48 —-3.77 —-1.24 3.27 2.52 4.39
PIH 3 —-026 -0.20 0.25 0.36 0.47 -145 —-1.26 3.73 3.28 3.27
4 —-0.14 -0.09 0.15 0.33 0.50 —-0.51 —-0.70 1.16 2.50 3.21
5 —=0.05 -0.01 0.13 0.35 0.42 —-0.30 —-0.09 141 3.18 2.90
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Table 8 Portfolio Risk Exposures, Cont.

PIH

PIH

PIH

PIH

PIH

Ot i W N~ O s W N~ U s W N~

Ot b W N

DP DP
1 2 3 4 5 1 2 3 4 5
FF5: Fama and French Five-Factor Model
g @)
-043 -024 042 0.71 1.49 —-3.88 —290 3.09 5.60 8.59
—0.43 —-0.27 043 0.82 1.65 —4.25 —-247 380 6.36 9.00
-0.12 -0.25 0.31 0.79 1.55 -1.70 —-2.11 3.61 5.58 8.72
-0.41 -0.11 0.33 0.67 1.38 —-2.92 —-099 343 6.62 7.61
—0.21 —-0.07 0.28 0.68 1.40 -2.00 —-0.71 289 555 8.29
3PS t(BP)
0.98 0.76 045 —-0.07 -—-0.55 5.33 480 285 —-040 -1.77
0.82 0.73 032 —-0.15 -0.63 3.87 446 199 -—-0.83 -3.79
0.57 042 026 —-0.09 -0.61 3.83 249 122 —-0.65 —-4.90
0.44 0.3 024 —-0.14 -0.35 3.83 246 1.53 —-0.81 —1.87
0.31 043 0.19 -0.22 -0.73 2.46 229 146 —-1.26 —4.97
et LB
—-0.65 —-0.24 046 0.63 0.87 —4.15 —-2.26 342 4.06 5.90
—0.51 —-0.28 0.47 0.65 0.84 —5.40 -393 3.04 4.79 5.13
—-0.44 —-0.11 0.26 0.57 0.75 -5.08 —1.37 231 4.08 4.71
—0.13 —-0.10 0.24 0.54 0.70 —-1.73 —-190 3.00 3.93 4.35
—-0.10 -0.04 0.19 0.60 0.68 —-1.05 —-0.69 084 395 4.80
e H(B"")
—-0.53 —-0.39 048 0.70 0.93 —-2.44 —-325 235 3.33 4.23
—-0.62 —-0.31 0.52 0.66 1.08 —4.76 —-3.15 231 293 5.27
—-0.29 —-0.25 046 0.69 1.08 —-2.67 —-181 334 3.01 5.16
—0.20 —-0.21 0.49 0.63 0.89 —-1.17 —-245 3.22 3.73 4.87
—0.24 0.02 0.39 0.58 1.16 —1.80 0.18 283 3.60 5.34
pre t(BPe)
—-0.34 —-0.21 049 0.66 1.07 -1.70 —-149 231 3.06 5.83
—-0.49 —-0.25 0.46 0.68 0.90 —-4.31 —-1.70 1.75 295 5.25
-0.29 —-0.20 043 0.70 0.87 -3.97 —-2.06 159 290 5.20
—-0.19 —-0.07 0.36 0.56 0.97 —-1.30 —-1.22 152 2.58 4.41
—-0.20 -0.14 0.25 0.63 0.90 —-1.82 —-2.05 1.09 2.72 4.07
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Table 9
Cross-sectional Regressions and Price of Risk

This table reports the cross-sectional regression results of quarterly excess returns of portfolios
of dividend strips, 7P, on conditional beta coefficients on risk factors under the four asset pricing
models, the Capital Asset Pricing Model (CAPM), the Fama and French (1993) three-factor
model (FF3), the Carhart (1997) four-factor model and the Fama and French (2015) five-factor
model. \g is regression intercept. A™, A%, A", A%, X" and A¢ are prices of the market risk factor,
the size factor (SMB), the value factor (HML), the momentum factor (UMD), the profitability
factor (RMW) and the investment factor (CMA). The table reports time-series average of
estimated prices of risks, t-statistic adjusted for autocorrelation and heteroscedasticity in
parentheses, and mean value of adjusted R?, R? of regressions. In Panel A, testing portfolios
are the quintile portfolios sorted by DP. In Panel B, testing portfolios are the 25 portfolios
sorted by PIH and DP. The sample period is from January 1996 to December 2017.

A. Quintile Portfolios Sorted by DP

)\0 L 2\ )\h, AU b ¢ RQ
Est. 3.52 2.72 0.488
t-stat (2.40) (2.27)

B. 25 Portfolios Sorted by PIH and DP

Ao A A° A\ A AT A€ R?
Est. 3.45 3.08 0.405
t-stat (2.25) (3.18)
Est. 2.05 3.12 —0.84 1.97 0.454
tstat  (1.59) (225)  (—1.46)  (2.13)
Est. 1.90 3.17 —0.85 1.86 1.13 0.507
tstat  (144) (2.69)  (—1.37)  (2.06) (1.08)
Est. 0.44 3.09 —1.12 1.59 1.61 1.59 0.570
tstat  (0.30) (2.64)  (=1.78)  (2.08) (2.70) (3.31)
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Table 10
Time-series Regression and GRS Test

The table reports pricing errors for the CAPM (a®APM) | the FF3 (of"3), the FFM4 (of"™%) and
the FF5 (aff?) estimated from the time-series regression of portfolio quarterly excess returns
7o,y on quarterly risk factors fyi1:

~p — AP P p
Tq+1 =« +/B fq+1+5q+1,

where fy11 = 77 (excess return on the S&P 500 index) for the CAPM, fo11 = [F7;, SMBg41,
HMLg1] for the FF3, fy41 — [, SMBqs1, HMLgy1, UMDqs1] for the FFM4, and fy41 —
[774 15 SMBgq1, HMLg11, RMW 11, CMAg44] for the FF5. Panel A is for the quintile portfolios
sorted by DP, average normalized dividend premium in the last four quarters, and Portfolio 1
(5) has the lowest (highest) DP. Panel B is for the 25 portfolios sorted by PIH, the percentage
of institutional holdings, and by DP. In each row labeled DP, Portfolio 1 (5) has the lowest
(highest) DP, and in each column labeled PIH, Portfolio 1 (5) has the lowest (highest) PIH.
Bottoms of Panel A and B report Gibbons, Ross and Shanken (1989) test statistics and p-values.
The sample period is from January 1996 to December 2017.

A univariate-sorting, Pricing Errors
DP DP
1 2 3 4 5 1 2 3 4 5

CAPM 951 —1.63 258 520 8.02 t(@®F™M) _—1.09 —0.71 1.43 237 3.72
FE3 —2.56 —1.70 223 4.87 7.76 t(a'F?) —1.15 —0.74 125 213 3.32
FEM4 9231 —1.54 190 452 720 t(o'*™4) —1.04 —0.67 1.05 1.98 3.04
FES —2.04 —1.39 134 3.71 6.14 t(a'FD) -0.95 —0.61 0.74 1.62 2.64

Q

. Lo Q

univariate-sorting, GRS (1989) Test

CAPM FF3 FFM4 FF5
GRS 3.914 3.226 2.565 1.798
p-value 0.003 0.011 0.033 0.123
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Table 10 Time-series Regression and GRS Test, Cont.

B. double-sorting, Pricing Errors

DP DP
1 2 3 4 5 1 2 3 4 5
o CAPM t(aCAPM)
1 =3.05 =292 339 6.24 11.06 —1.19 —-1.16 1.74 246 4.08
2 =h47 —1.21 342 6.29 8.13 —2.05 —-0.48 1.74 261 3.56
PIH 3 —-331 -135 3.63 4.34 7.67 —-1.28 —-048 1.67 173 3.16
4 =280 —-0.89 3.04 250 7.45 —1.18 —-0.34 151 1.03 3.08
5 =267 —-0.71 228 494 8.86 —-1.02 —-0.27 117 216 3.53
oFF3 t(aFF3)
1 =323 —-3.15 281 6.04 10.89 —-1.30 —-128 142 237 3.80
2 =559 —-141 3.04 594 8.06 —2.09 —-0.58 1.57 241 3.11
PIH 3 —-331 -—-152 330 4.10 7.74 —-1.38 —0.55 1.52 159 3.14
4 =295 —-1.00 276 2.29 7.25 —-1.24 —-0.39 140 0.93 2381
5 =278 —-0.84 215 475 8.86 —-1.08 —-0.33 1.09 2.08 3.27
o FFM4 t(aFFM4)
1 —-231 =245 256 549 10.35 —0.96 —-0.99 129 214 3.63
2 =507 —-1.06 262 5.52 7.55 —1.94 —-044 134 223 2097
PIH 3 =301 -—-122 295 3.63 7.17 —1.26 —-0.44 135 140 2.89
4 =273 -1.02 262 190 6.84 —-1.15 —040 1.32 0.78 2.66
5 —274 —-088 196 445 8.36 —-1.07 —-0.34 1.00 1.89 3.11
aFF5 t(aFF5)
1 =235 =257 1.97 473 9.20 —-0.98 —-1.06 098 182 3.33
2 =450 -0.94 203 474 6.20 —-1.70 -0.39 1.03 1.92 261
PIH 3 —285 —-1.19 246 289 583 —-1.24 -044 113 1.14 237
4 =266 —-0.75 195 119 554 —1.16 —-0.30 097 0.49 2.21
5 =257 —-090 144 363 7.02 -1.02 -0.35 0.71 165 265
double-sorting, GRS (1989) Test
CAPM FF3 FFM4 FF5
GRS 2.400 1.847 1.752 1.410
p-value 0.003 0.028 0.041 0.142
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Table 11
Robustness Test: Predictability of Option-Implied Dividend

This table reports the estimated coefficients of the time-series regression:

D , —Di DI! — D: - .
q+1 q _ 3 q q 271 7
Sé =7 Sé T Z njljvtﬁ-l +Eg+1s
J

where Dé 41 is realized dividend of stock 7 in the next quarter ¢+1 and DIf] is the option-implied
quarterly dividend estimated before the next dividend announcement date averaged across
strike prices, time to maturities and option-pricing dates. S’é is stock price at the end of quarter
q- U441 (J= 1,2, 3 or 4) are dummy variables which take the value of 1 if quarter ¢ + 1 is the
4§ fiscal quarter in a year and take the value of 0 if otherwise. ¢(4?) is t-statistics of 4* and is
adjusted for autocorrelation and heteroscedasticity according to Newey and West (1987). R??
is adjusted R?. Mean, standard deviation (std), first quartile (p25), median (p50) and third
quartile (p75) of 7%, t(7) and R** are reported. The sample period is from January 1996 to
December 2017.

mean std p25 p50 075
A 0.457 0.441 0.175 0.423 0.832
t(y") 4.949 6.099 1.848 3.802 9.650
R?! 0.503 0.341 0.174 0.472 0.704
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Table 12
Robustness Test: Dividend Payer Sample

This table tabulates results of portfolio analysis for the sample of dividend payers, defined
as firms which have ever paid a positive regular cash dividend in the previous five years.
Panel A reports time-series mean quarterly portfolio returns, rP, in percentage, and associated
t-statistics in parentheses. For the univariate-sorting analysis, at the end of each quarter ¢,
stocks are sorted into portfolios based on DP, the average dividend premium in the last four
quarters. Portfolio 1 (5) has the lowest (highest) DP. 5—1 is the spread in average returns
between Portfolio 5 and 1. For double-sorting analysis, at the end of each quarter ¢, stocks
are first sorted into five portfolios based on PIH, the percentage of institutional holdings, and
within each portfolio, stocks are then sorted into five sub-portfolios by DP. In the row labeled
DP, Portfolio 1 (5) has the lowest (highest) DP. In each column, the five PIH portfolios are
aggregated into one portfolio, and returns on the aggregate portfolios are reported in the last
row labeled by ALL. The sample period is from January 1996 to December 2017.

A. Portfolio Realized Returns rP, univariate-sorting

DP
1 2 3 4 5 5—1
—2.90 —1.05 4.92 8.87 14.03 16.93

(—1.13)  (=047)  (2.55)  (3.60) ( 5.04) ( 4.58)

Portfolio Realized Returns P, double-sorting

DP
1 2 3 4 5 5-1

1 —2.25 ~1.00 6.71 9.46 17.74 19.98

(—0.69) (=0.37)  (217)  (3.15) ( 5.25) ( 4.05)

2 —3.21 —0.55 6.30 9.28 14.72 17.93

(—0.92)  (=0.17)  (2.07)  (3.20) ( 4.43) ( 3.89)

PIH 3 —2.68 0.13 5.23 8.45 14.49 17.17
(—0.80)  ( 0.05) (157)  (270) ( 4.33) ( 4.17)

4 —1.72 0.00 5.29 8.14 15.30 17.02

(—0.54)  ( 0.00)  (1.59)  (268) ( 4.99) ( 4.52)

5 —0.79 —0.05 5.08 8.04 15.36 16.15

(—0.28)  (=0.02)  (1.64)  (2.30) ( 4.94) ( 4.09)

ALL —213  —0.29 5.72 8.67 15.52 17.65
(—0.99)  (=0.12)  (207) (325  ( 5.90) ( 5.79)
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Table 12

Robustness Test: Dividend Payer Sample, Cont.

Panel B reports the time-series means of conditional risk exposures and associated t-statistics
of the five portfolios sorted by DP (Panel A) and of the 25 portfolios sorted by PIH and DP
(Panel B) of dividend payers. @GP, (PSPt g gPT and P are time-series averages of
risk exposures of portfolio p’s return, r?, with respect to the market risk factor, the size factor
(SMB), the value factor (HML), the momentum factor (UMD), the profitability factor (RMW)
and the investment factor (CMA), and are estimated from time-series regressions in a rolling
window of data. t-statistics of betas are adjusted for autocorrelation and heteroscedasticity.

A. Risk Exposures, univariate-sorting

DP
1 2 3 4 5
CAPM: Capital Asset Pricing Model
prm 045 —0.17 0.40 0.93 1.83

FF3: Fama and French Three-Factor Model

prm o —047 —021 043 1.02  1.86
P 0.57 037 0.29 —0.33 —0.69
prh —047 —026 041 052  0.80
FFM4: Carhart Four-Factor Model

prm —046 —0.20 047 099  1.86
P 0.57 040 024 —-0.27 —0.72
gt —047 —0.17 036 050  0.75
pre —026 —0.19 0.33 039 051

FF5: Fama and French Five-Factor Model

prm 047 —0.17 046  0.97
[P 0.57 043 023 —0.28
prh 046 —0.21 040  0.51
pPrT —0.35 —0.15 045  0.72
pre —0.33 —0.17 046  0.66

1.90
—0.69
0.78
0.98
0.90

t(BP™)

t(BP™)
t(8P°)
(B8P

~
3
3
S~—

~
3

DRI

~
N N N
3
IS )
~— — —

o~

DP

1 2 3 4 3
—443 -221 3.30 6.86 9.49
—4.16 —2.25 4.35 6.35 8.42

4.90 3.10 1.67 —-2.03 —4.25
—-5.06 —242 3.73 4.06 5.69
—4.23 —-189 3.82 6.47 9.30

4.35 3.06 182 -2.01 -5.09
—495 —-1.76 3.70 4.44 5.72
—-2.01 —-1.23 230 3.20 3.51
-3.95 —-1.76 3.63 6.07 9.99

4.68 334 169 —-235 —4.73
—4.15 —-2.54 3.89 4.78 5.65
—2.76 —0.80 3.57 4.12 5.45
—-2.16 —1.13 3.08 3.88 4.63
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Table 12 Robustness Test: Dividend Payer Sample, Cont.

B. Risk Exposures, double-sorting

DP DP
1 2 3 4 b} 1 2 3 4 5}
CAPM: Capital Asset Pricing Model
prm H(BP™)
1 —-043 -035 047 0.97 1.83 —4.07 -344 314 7.07 9.99
2 —-0.63 —-0.35 047 0.85 1.85 —6.70 —3.55 4.10 7.25 10.08
PIH 3 —-0.50 —-0.31 0.43 0.88 1.83 —7.85 —3.03 4.11 852 9.59
4 —0.33 —-0.18 0.41 0.93 1.97 —-290 —-0.69 3.76 891 9.69
5 —0.15 —-0.05 0.45 0.92 1.97 —1.43 —-0.48 4.03 8.38 9.62

FF3: Fama and French Three-Factor Model

rm L")
1 -053 -035 045 1.01 1.88 —5.32 —-2.68 3.16 7.45 9.52
2 -064 -038 043 086 179 —-5.05 —-3.74 329 691 9.32
PIH 3 049 -0.22 050 0.89 1.85 —-4.22 262 488 6.97 9.42
4 030 -0.24 030 088 185 —2.56 —271 375 7.19 9.26
5 —0.14 -0.07 044 093 1.91 -1.99 -118 522 719 10.17

Bre H(B)
1 0.98 077 040 -0.17 -0.39 5.48 3.78 267 -1.00 -281
2 0.73 0.64 044 -021 -0.59 494 377 237 141 -3.17
PIH 3 0.76 043 029 -025 -0.63 3.67 252 233 -130 -—-3.37
4 044 033 021 -0.03 -0.53 3.49 .82 201 -0.18 —4.03
5 0.29 0.44 0.16 -0.27 —0.76 1.43 271 111 —-1.99 —4.36

gt H(BP")
1 -073 -034 044 0.66 1.06 -5.04 —-153 205 4.40 5.83
2 —059 -024 046 0.65 0.79 —4.03 -164 226 527 4.23
PIH 3 044 -0.22 032 0.68 0.81 —-4.07 —-1.10 2.60 4.25 4.94
4 042 -0.17 0.29 0.66 0.80 -2.50 —-1.15 2.60 4.12 4.71
5 —015 -0.13 028 0.65  0.76 —-1.16 —-0.68 165 4.41  4.53
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Table 12 Robustness Test: Dividend Payer Sample, Cont.

DP DP
1 2 3 4 5 1 2 3 4 5
FFM4: Carhart Four-Factor Model
Bp,m t(Bp,m)
1 —0.53 —-0.39 047 1.08 1.86 —492 —-2.89 423 7.65 9.85
2 —-064 -031 045 0.92 1.84 —4.67 —-299 440 7.14 9.26
PIH 3 —-056 —-0.36 048 0.90 1.85 —-3.61 —-3.70 420 7.02 9.38
4 -0.33 —-0.22 037 091 1.94 —2.52 —-298 405 7.97 9.07
5 =017 —-0.10 044 0.95 1.88 —-1.70 -—-1.32 487 7.11 9.82
g (3)
1 1.08 0.81 0.39 -0.14 -047 5.60 3.18 274 —-081 —-3.73
2 0.73 0.66 0.32 —-0.23 —-0.55 4.27 345 263 -—-165 -2.99
PIH 3 0.62 039 0.29 -—-0.12 -0.66 3.94 246 3.13 —-0.68 —3.86
4 0.46 0.34 0.32 0.06 —-0.54 2.61 1.47 245 049 —-3.87
5 0.38 044 0.07 —-0.27 —-0.79 1.82 269 0.66 —-2.07 —4.86
g (3"
1 —0.63 —-0.34 0.51 0.73 0.92 —4.46 —-1.35 3.08 5.57 6.51
2 —-065 -—-0.21 047 0.73 0.90 —4.74 —-1.76 345 5.51 5.17
PIH 3 -046 -0.21 0.32 0.64 0.81 -3.18 —-1.68 3.09 3.99 3.75
4 —-035 -—-0.04 0.35 0.68 0.78 —-2.82 —-0.22 282 3.17 3.74
5 =014 -0.17 020 0.61 0.68 —-1.00 —-1.54 0.90 4.79 3.94
prv t(BP™)
1 —-047 —-0.21 031 0.33 0.62 —2.12 —143 245 2.52 4.94
2 =047 -0.20 0.28 0.35 0.63 —-297 —-0.68 226 2.76 4.39
PIH 3 —-0.39 -0.28 0.25 041 0.66 —197 —145 222 227 4.81
4 —-017 -0.31 024 0.44 0.73 —-0.69 —-2.70 140 2.23 4.44
5 0.04 -0.02 0.35 0.37 0.76 0.16 —-0.07 152 2.70 5.07
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Table 12 Robustness Test: Dividend Payer Sample, Cont.

PIH

PIH

PIH

PIH

PIH
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DP DP
1 2 3 4 5 1 2 3 4 5
FF5: Fama and French Five-Factor Model
pem t(Br™)
—-0.47 —-0.35 050 1.04 1.89 -5.12 —-221 370 7.73 9.26
—0.65 —0.30 0.48 0.90 1.91 —-5.01 —-2.10 406 7.40 9.38
—-0.43 —-0.30 0.44 0.89 1.86 -3.36 —3.31 3.78 7.50 9.47
-0.29 —-0.16 0.36 0.90 1.94 -3.08 —1.77 3.02 17.67 9.20
—-0.16 —-0.04 0.44 0.92 1.90 —-2.49 —-0.54 396 7.17 8.23
s 1(Be)
0.94 0.81 040 -—-0.07 -0.44 4.98 400 273 —-0.39 -2.85
0.76 0.69 0.38 —-0.16 -—-0.57 4.27 3.46 2.88 —-097 -—247
0.63 045 022 —-021 -0.67 3.71 253 216 —-1.05 -—3.52
0.45 0.33 026 0.06 —0.48 2.81 1.80 240 037 —-3.40
0.30 042 0.19 -—-026 -0.74 1.39 311 145 —-1.55 —4.30
et LB
—-0.69 —-0.28 0.52 0.68 0.92 —4.11 —-145 298 4098 5.71
—0.58 —-0.25 0.46 0.67 0.81 —-3.85 —1.89 280 5.08 4.38
—-0.42 —-0.21 0.38 0.61 0.80 —-2.70 —-150 3.16 4.06 4.25
—0.34 —-0.06 0.36 0.61 0.76 —2.24 —-0.39 350 4.32 4.62
—-0.13 —-0.01 0.25 0.60 0.68 —-0.62 —-0.06 0.70 4.00 4.57
ger t(3P")
—-0.55 —-0.34 053 0.75 0.99 —-1.67 —1.22 288 4.064 6.01
—0.61 —-0.30 0.44 0.65 1.05 —-2.57 —1.17 242 4.92 6.17
—-0.28 —-0.13 0.54 0.66 1.00 —1.23 —0.87 247 3.84 5.49
—-0.14 —-0.11 048 0.64 0.91 -0.73 —-0.65 345 3.19 5.96
—-0.14 —-0.04 0.38 0.59 0.93 —-0.50 —-0.10 258 3.23 5.06
pre H(5")
-0.42 —-0.26 0.59 0.77 1.13 -1.96 —-1.38 271 3.78 5.74
—0.48 —0.19 0.56 0.65 0.88 —2.48 —1.52 262 3.36 4.31
—027 —-0.21 044 0.62 0.90 —1.71 —-1.20 212 2.96 4.30
—-0.20 -0.18 0.32 0.064 0.90 -0.92 -1.13 213 3.37 4.33
—-0.25 —-0.12 0.35 0.55 0.89 —-1.10 —-0.50 1.92 3.30 4.03
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Table 12

Robustness Test: Dividend Payer Sample, Cont.
This table reports the cross-sectional regression results of quarterly excess returns on portfolios
of dividend strips of dividend payers, 7P, on conditional beta coefficients on risk factors under
different asset pricing models, the Capital Asset Pricing Model (CAPM), the Fama and French
(1993) three-factor model (FF3), the Carhart (1997) four-factor model and the Fama and
French (2015) five-factor model. g is regression intercept. A™, A5, A" A¥. X" and \° are
prices of the market risk factor, the size factor (SMB), the value factor (HML), the momentum
factor (UMD), the profitability factor (RMW) and the investment factor (CMA). The table
reports time-series average of estimated coefficients, t-statistic adjusted for autocorrelation and

heteroscedasticity in parentheses, and mean value of adjusted R?, R? of regressions.

C. Cross Sectional Regression: Price of Risk

Quintile Portfolios Sorted by DP

Est.
t-stat

Est.
t-stat
Est.
t-stat
Est.
t-stat
Est.

Ao AT A8 AP AU A" A€ R?

2.97 3.50 0.512
(2.16) (3.77)

25 Portfolios Sorted by PIH and DP

Ao AT A9 A\ A A" A€ R?

4.76 3.57 0.286
(2.76) (3.79)

3.31 3.69 —0.21 1.83 0.377
(2.67) (3.60) (—0.36) (2.28)

3.11 3.57 —0.79 1.78 1.04 0.430
(2.51) (4.01)  (=1.24)  (2:31) (1.22)

1.44 3.49 —0.59 1.79 1.94 1.81 0.512
(1.76) (4.36) (—0.91) ( 2.75) (3.27) (4.27)

t-stat
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Table 12

Robustness Test: Dividend Payer Sample, Cont.
Panel D report pricing errors for the CAPM (a®A"™)  the FF3 (afF?), the FFM4 (af"™%) and
the FF5 (aff®) of the time-series regression of portfolio quarterly excess returns Fg 41 for the
sample of dividend payers on quarterly risk factors fg1:

~p — AP 4 p

where f11 = 77 (excess return on the S&P 500 index) for the CAPM, fy11 = [77};, SMBg41,
HMLg1] for the FF3, fy41 — [#™,, SMBqs1, HMLgy1, UMDqs1] for the FFM4, and fy41 —
[774 15 SMBgy1, HMLg 1, RMWg 1, CMAg 4] for the FF5. Panel E reports Gibbons, Ross and
Shanken (1989) test statistics and p-values.

D. Pricing Errors of Times Series Regressions

univariate-sorting

DP DP
1 2 3 4 5 1 2 3 4 5
QCAPM 954 127 358 6.44 984 t(a®APM) 097 055 1.82 270 4.30
afF3 —2.53 —1.30 3.05 620 9.66 t(aff3) —1.03 —0.57 1.52 258 3.75
ofFM4 995 113 271 575 9.12 t(™4)  —0.93 —050 134 235 3.52
afFs —2.01 —1.17 197 4.33 748 t(afFd) -0.82 —0.51 0.95 1.74 2.79
double-sorting
DP DP
1 2 3 4 5 1 2 3 4 5
aCAPM 75(aCAPM)
1 —-1.92 —-1.08 521 6.97 13.56 —0.83 —0.46 265 294 5.72
2 273 —1.17 477 6.96 1043 —1.03 —0.46 232 321 4.69
PIH 3 -208 -1.02 38 6.12 10.30 —0.81 —0.40 1.94 254 4.36
4  —1.61 —1.16 393 578 10.84 —0.62 —0.43 202 243 483
5 —101 -0.90 361 569 11.03 —0.36 —0.37 1.81 262 4.84
aFF?; t(aFFS)
1 —2.04 —127 450 624 12.62 —0.90 —0.56 223 2.66 4.48
2 279 —132 412 6.30 10.03 —1.06 —0.54 1.89 289 3.72
PIH 3 -238 —133 320 578 9.94 —0.96 —0.52 1.57 228 4.04
4  —1.70 —1.19 354 522 1048 —0.67 —0.45 1.80 2.18 3.96
5 —1.08 —1.06 339 523 10.89 —0.39 —045 1.69 234 3.89
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Table 12

Robustness Test: Dividend Payer Sample, Cont.

DP DP
1 3 4 5 1 2 3 4 5
o FFM4 t(aFFMY)
1 —-156 —-091 3.77 543 11.80 —-0.70 —-040 1.85 230 4.27
2 =220 -1.18 3.70 5.62 8.96 —-0.84 —-048 1.71 257 3.36
PIH 3 —-166 -0.64 2.85 5.02 9.06 —-0.67 —-0.25 139 197 3.67
4 —-138 —-0.87 3.01 4.50 9.52 —0.54 —-0.33 153 187 3.58
5 —124 -—-092 283 4.64 9.94 —-0.45 —-0.39 140 206 3.57
aFF5 t(aFF5)
1 —-1.09 —-0.72 323 458 10.61 —-0.50 —-0.31 156 1.89 3.89
2 =175 —-096 299 449 7.80 —-0.67 —-040 137 193 287
PIH 3 —-174 -0.78 244 4.36 7.86 -0.70 —-0.31 117 1.67 3.10
4 -136 -—-097 266 3.95 8.61 —-0.564 —-0.37 131 159 3.30
5 —068 —-1.01 268 4.35 9.32 —-0.25 —-043 131 189 3.36
E. GRS (1989) Test
univariate-sorting double-sorting
GRS p-value GRS p-value
CAPM 3.924 0.003 3.387 0.000
FF3 3.310 0.009 2.173 0.008
FFM4 2.952 0.017 2.060 0.012
FF5 2.076 0.078 1.589 0.076
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Table 13
Robustness Test: Early Exercise Premium

This table tabulates results of portfolio analysis, where the option-implied dividend is adjusted
for early exercise premium (EEP). Panel A reports time-series mean EEP-adjusted quarterly
portfolio return, rP, in percentage, and t-statistics in parentheses. For the univariate-sorting
analysis, at the end of each quarter g, stocks are sorted into portfolios based on DP, the average
normalized dividend premium adjusted for EEP in the last four quarters. Portfolio 1 (5) has
the lowest (highest) EEP-adjusted DP. 5—1 is the spread in returns between Portfolio 5 and
1. For double-sorting analysis, at the end of each quarter ¢, stocks are first sorted into five
portfolios based on PIH, the percentage of institutional holdings, and within each portfolio,
stocks are then sorted by EEP-adjusted DP. In the row labeled DP, Portfolio 1 (5) has the
lowest (highest) EEP-adjusted DP. In the column labeled PIH, Portfolio 1 (5) has the lowest
(highest) PTH. In each column, the five PTH portfolios are aggregated into one portfolio, and re-
ported in the last row labeled by ALL. The sample period is from January 1996 to December 2017.

A. Portfolio Realized Returns rP, univariate-sorting

DP
1 2 3 4 5 5—1
—2.39 —0.69 4.49 8.21 12.16 14.55

(—0.95)  (—=0.32)  (240)  (342) ( 4.53) ( 3.53)

Portfolio Realized Returns P, double-sorting

DP
1 2 3 4 5 5-1
1 ~3.79 —141 4.51 9.53 15.36 19.15
(—1.46)  (—=0.62)  (236)  (3.92) ( 5.73) (4.64)
2 —4.07 ~1.60 4.87 8.68 16.35 20.42
(-1.61)  (=0.71)  (249)  (353) ( 5.96) ( 5.29)
PIH 3 —2.48 —0.41 421 8.03 14.86 17.34
(-0.93)  (—0.16) (218  (3.73)  ( 5.78) ( 4.84)
4 ~1.02 —0.75 3.92 7.36 12.18 13.20
(—0.41)  (—0.30)  (215)  (3.06) ( 4.38) ( 3.58)
5 —1.22 —0.98 3.93 8.17 12.77 13.99

(—0.45)  (—0.39)  (201)  (343)  ( 4.59) ( 3.50)

ALL —252  —1.03 4.29 8.35 14.30 16.82
(—1.95)  (—=055)  (3.15)  (491)  ( 6.60) ( 4.25)
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Table 13

Robustness Test: Early Exercise Premium, Cont.

Panel B reports the time-series means of conditional risk exposures and associated t-statistics
of the five portfolios sorted by EEP-adjusted DP (Panel A) and of the 25 portfolios sorted
by PIH and EEP-adjusted DP (Panel B). gp™, grs pgrh et 3Gpr and 3P are time-series
averages of risk exposures of portfolio p’s EEP-adjusted return with respect to the market
risk factor, the size factor (SMB), the value factor (HML), the momentum factor (UMD), the
profitability factor (RMW) and the investment factor (CMA), and are estimated from time-series
regressions in a rolling window of data. t-statistics of betas are adjusted for autocorrelation and

heteroscedasticity.

A. Risk Exposures, univariate-sorting

DP
1 2 3 4 5

CAPM: Capital Asset Pricing Model

prm 032 —0.06 031 089 1.64

FF3: Fama and French Three-Factor Model

@pvm -0.32 —-0.11 0.33 0.86 1.63
@pvs 0.61 041 024 —-0.25 —0.66
prh 047 —0.18 0.38 0.52 0.84
FFM4: Carhart Four-Factor Model

@p’m —-0.33 —-0.09 0.36 0.89 1.59
@7‘"5 0.56 0.42 026 -0.30 -0.68
@pvh —-0.47 —-0.26 0.39 0.63 0.79
st —0.30 —0.18 0.30 0.40 0.58

FF5: Fama and French Five-Factor Model

grm o —0.30 —0.10 0.32  0.88
[P 0.56 040 0.24 —0.28
prh —047 —0.18 041  0.56
pPr o —0.25 —0.15 044  0.73
pPe —0.33 —0.16 044  0.69

1.61
—0.65
0.83
0.93
0.89

t(Br™)

t(BP™)
t(BP°)
t(BP")

~
3
3
N~—

~
3

DRI

~
N~
3
IS )
~— —

o~

DP

1 2 3 4 b}
—-3.78 —0.97 3.06 6.40 8.82
-3.08 —1.73 2.67 5.92 9.74
3.85 293 142 -2.07 -5.09
—4.22 —-197 278 3.64 5.40
—-3.58 —144 3.02 7.04 9.35

4.31 3.13 1.87 —-2.05 -5.37
—4.11 =261 3.60 4.16 5.36
—-3.34 —141 2.06 2.62 4.28
—-3.36 —2.23 275 5.28 8.92

3.97 218 2.00 —-246 —4.63
-3.19 -235 285 3.14 5.23
—-1.85 —1.51 3.60 4.77 0.16
—-1.84 —-1.33 3.08 3.18 3.80
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Table 13 Robustness Test: Early Exercise Premium, Cont.

B. Risk Exposures, double-sorting

DP DP
1 2 3 4 b} 1 2 3 4 5}
CAPM: Capital Asset Pricing Model
prm tHBm™)
1 —-041 -0.27 027 0.84 1.65 —4.17 —-233 244 598 9.74
2 —-0.59 -045 0.29 091 1.54 —6.20 —3.68 2.54 6.40 8.63
PIH 3 -0.16 —-0.14 029 0.7 1.32 —2.03 —0.86 2.55 6.06 8.14
4 —024 —-0.19 0.26 0.84 1.45 —-2.01 -1.09 228 5.78 7.49
5 —=0.14 -0.08 0.18 0.84 1.46 —-1.76 —-1.31 181 6.54 8.16

FF3: Fama and French Three-Factor Model

prm HB™)
1 —-043 —-0.27 0.27 0.85 1.65 —-3.80 —3.21 2.81 5.66 9.16
2 —-0.60 —-045 037 090 1.61 —5.04 -3.01 349 6.29 9.02
PIH 3 —-0.16 -0.17 0.34 0.82 1.44 -1.94 —-1.23 240 6.89 8.44
4 =024 -0.09 0.30 0.81 1.42 —2.34 —-1.01 232 5.89 8.40
5 =025 -=0.04 025 0.7 1.44 —2.01 -0.47 344 6.05 8.04
P t(37*)
1 0.89 0.74 035 -0.11 -0.61 5.58 4.01 2.68 —0.57 —3.66
2 0.79 0.66 035 —-0.14 —-0.70 5.00 3.93 244 -131 -—-3.49
PIH 3 0.55 045 032 -0.17 —-0.83 4.28 286 239 —-1.10 —-b5.23
4 0.47 037 022 —-0.26 —0.46 3.50 2.56 2.03 —-2.19 —-3.65
) 0.34 037 0.10 -0.24 —-0.76 2.55 2.98 0.96 —-146 —4.83
pgrh t(BP")
1 -0.64 -0.26 0.52 0.68 0.95 -4.40 -223 3.73 4.20 5.43
2 -0.55 -0.24 0.46 0.68 0.95 372 -232 282 3.38 4.78
PIH 3 -0.32  -0.07 0.40 0.61 0.80 -3.06 -0.63 239 3.69 4.28
4 -0.12  -0.04 0.37 0.57 0.79 -1.05  -0.27 282 3.44 4.56
5 -0.10  -0.12 0.33 0.67 0.77 -0.64 -1.15 3.14 3.83 4.45
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Table 13 Robustness Test: Early Exercise Premium, Cont.

DP DP
1 2 3 4 5 1 2 3 4 5
FFM4: Carhart Four-Factor Model
Bp,m t(Bp,m)
1 —048 —-0.28 0.35 0.78 1.61 —4.08 —-3.22 3.25 5.80 9.63
2  —-0.67 -041 0.37 0.92 1.58 —-5.85 =362 339 6.43 9.48
PIH 3 —-0.15 -0.09 0.25 0.81 1.38 —141 —-0.68 282 641 8.71
4 —-0.28 —-0.16 027 0.81 1.44 -3.02 -—-1.89 3.10 7.08 7.94
5 =021 -0.09 021 084 1.42 —-1.25 =090 270 7.75 8.59
e 1Be)
1 0.86 0.71 038 —0.10 —-0.58 4.47 421 3.04 -051 -3.32
2 0.83 0.65 0.39 —-0.20 -0.65 5.23 3.99 274 —-193 —-3.28
PIH 3 0.59 047 033 —-0.03 —-0.76 3.95 274 252 —-0.16 —4.58
4 0.47 0.33 026 —-0.34 —-0.50 2.97 1.98 232 -—-3.01 -3.96
5 0.39 042 0.08 —-0.32 -—-0.77 2.44 296 0.68 —-174 —-4.11
g (3"
1 —-0.62 —-0.26 045 0.65 0.94 —-3.32 —-2.10 266 4.42 5.35
2 —-056 -0.26 052 0.71 0.93 -3.13 —-2.04 3.77 4.03 5.32
PIH 3 -0.37 -—-0.12 0.35 0.51 0.84 -3.13 —-1.05 3.06 3.75 4.45
4 -0.19 -0.02 0.38 0.57 0.77 —1.40 —-0.09 249 2.87 5.41
5 —=0.03 -0.10 0.31 0.65 0.75 -0.17 —-0.87 292 2.50 3.39
pro ()
1 —-0.75 =050 0.27 0.46 0.59 —253 =247 201 3.11 4.15
2 =054 -025 029 044 0.60 —-2.04 -—-190 224 2.03 3.89
PIH 3 -0.35 -0.32 025 0.34 0.44 —250 —-253 291 296 2.81
4 -0.16 -0.12 0.17 0.34 0.44 —-1.17 —-041 278 2.78 3.63
5 =013 —-0.09 0.09 0.36 0.58 —-0.65 —-0.86 056 2.78 4.73
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Table 13 Robustness Test: Early Exercise Premium, Cont.

PIH

PIH

PIH

PIH

PIH

Ot i W N~ O s W N~ U s W N~

Ot b W N

DP DP
1 2 3 4 5 1 2 3 4 5
FF5: Fama and French Five-Factor Model
g ()
—0.42 —-0.24 0.31 0.88 1.67 -3.33 —2.83 237 5.72 9.19
—0.62 —-0.40 0.37 0.92 1.63 —4.98 —-348 3.62 5.93 9.47
—-0.12 —-0.12 026 0.74 1.43 —0.88 —0.85 250 5.14 8.41
—024 —-0.16 0.28 0.86 1.48 —-2.13 —-149 204 5.96 8.29
-0.19 -0.13 0.19 0.83 1.44 —-1.40 —-1.35 220 5.57 8.44
e 1B")
0.87 0.72 038 —-0.04 -—-0.57 5.06 426 261 -—-0.17 -2.79
0.77 065 034 -—-0.16 -0.67 4.82 429 205 -1.02 -3.34
0.57 046 027 —-0.08 -0.78 3.71 288 2.02 —-0.56 —4.72
0.48 0.36 0.22 —-0.36 —-0.48 3.59 206 199 —-256 —3.30
0.34 0.38  0.09 -—-0.25 -0.81 2.03 249 035 —-149 —-4.03
peh t(BP")
—-0.56 —0.27 048 0.68 0.95 -3.13 -2.35 3.10 391 5.50
—0.56 —-0.26 0.50 0.67 0.92 -3.03 —2.17 342 381 4.82
—-0.34 —-0.10 0.39 0.57 0.83 -2.01 —-0.69 339 4.13 3.97
—0.18 —-0.08 0.38 0.57 0.81 —1.10 —-0.36 254 3.03 4.26
—0.06 —0.07 0.34 0.58 0.79 —0.40 —-0.56 270 243 3.27
e L")
—-0.54 -0.19 045 0.77 1.03 -2.11 —-097 283 3.38 5.55
—0.66 —0.24 044 0.75 1.09 —3.47 —-146 273 3.3 4.72
-0.28 —-0.11 049 0.72 0.95 —-1.20 -0.52 3.04 3.37 4.19
—0.23 —-0.04 043 0.63 0.90 —0.95 —-0.15 240 3.20 4.01
—-0.11 -0.03 0.39 0.60 0.96 -0.38 —0.15 265 3.26 4.51
pre 1B
—-0.40 —-0.20 047 0.75 1.14 —1.79 —-142 266 3.19 5.22
—-0.52 —-0.19 0.54 0.71 1.10 -2.80 —-1.29 3.02 273 5.16
—-0.31 -0.17 0.36 0.70 1.09 —-1.22 —-151 253 3.03 4.38
—0.21 0.0 047 0.62 0.93 —1.18 0.15 3.11 3.30 3.91
—0.14 0.06 036 0.63 0.96 —0.95 044 297 270 4.02

Ot s W N
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Table 13
Robustness Test: Early Exercise Premium, Cont.

This table reports the cross-sectional regression results of EEP-adjusted quarterly excess returns
of portfolios of dividend strips, 7P, on conditional beta coefficients on risk factors under different
asset pricing models, the Capital Asset Pricing Model (CAPM), the Fama and French (1993)
three-factor model (FF3), the Carhart (1997) four-factor model and the Fama and French
(2015) five-factor model. \g is regression intercept. A™, A*, A, X¥, A" and A¢ are prices of
the market risk factor, the size factor (SMB), the value factor (HML), the momentum factor
(UMD), the profitability factor (RMW) and the investment factor (CMA). The table reports
time-series average of estimated risk premiums, t-statistic adjusted for autocorrelation and
heteroscedasticity in parentheses, and mean value of adjusted R?, R? of regressions.

C. Cross Sectional Regression: Price of Risk

Quintile Portfolios Sorted by DP

Ao AT A® X AY A" A° R?
Est. 3.36 3.69 0.479
t-stat (2.00) (2.04)

25 Portfolios Sorted by PIH and DP

Ao A A° A\ AY AT A¢ R?
Est. 3.59 3.71 0.337
t-stat (3.11) (4.00)
Est. 2.10 3.22 —0.65 1.99 0.427
tstat  (1.62) (2.71)  (—0.92)  (2.69)
Est. 1.79 3.47 —0.51 1.78 1.61 0.492
tstat  (157) (2.90)  (—0.76)  (2.52) (142)
Est. 0.28 3.56 —0.85 1.89 1.74 1.73 0.585
tstat  (021) (2.96)  (—=1.20)  (2.37) (2.19) ( 3.45)
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Table 13

Robustness Test: Early Exercise Premium, Cont.

Panel D reports pricing errors for the CAPM (a“APM)  the FF3 (af™3), the FFM4 (oF"™4) and
the FF5 (afF5) of the time-series regression of portfolio quarterly excess returns ff; 41 which are
adjusted for EEP on quarterly risk factors fg1:

~D — AP P p
Tq+l = +/8 fq+1+€q+1,

where fg1 = 77} (excess return on the S&P 500 index) for the CAPM, fy11 = [, SMBg1,
HMLg41] for the FF3, f,o1 = [#™,, SMByy1, HML, 1, UMDg4] for the FEM4, and fo4q —

g+

[794 15 SMBgi1, HMLg 1, RMWgy1, CMAg44] for the FEF5. Panel E reports Gibbons, Ross and
Shanken (1989) test statistics and p-values.

D. Pricing Errors of Times Series Regressions

univariate-sorting

DP DP
1 2 3 4 5 1 2 3 4 5
aCAPM 930 —1.03 3.37 590 838 t(a®APM) _0.90 —047 1.77 2.55 3.84
afts —231 —1.14 289 576 820 t(afF?) —0.92 —0.54 148 233 3.24
ofFME 191 —0.98 252 524 762 t(@MY) 076 —047 1.29 2.11 3.05
o —1.80 —0.94 2.13 443 6.55 t(a'F?) -0.71 —045 1.11 1.83 252
double-sorting
DP DP
1 2 3 4 5 1 2 3 4 5
aCAPM t(aCAPM)
1 —350 —141 343 726 11.50 -1.36 —0.61 1.77 3.10 5.10
2 337 —125 3.72 6.33 1275 ~1.34 —0.55 1.88 269 5.32
PIH 3 -280 -0.68 3.10 6.08 11.68 —1.03 —0.26 1.58 290 5.04
4 —1.13 —0.93 282 511 874 —0.45 —0.36 1.53 222 3.1
5 —142 —141 3.00 6.00 9.42 -0.51 —0.55 1.51 261 3.73
aFF3 t(aFFii)
1 -353 —159 289 6.83 11.26 —1.38 —0.71 1.45 298 4.49
2 —340 —142 3.07 6.02 1244 ~1.42 —0.63 1.49 266 4.99
PIH 3 279 -0.85 267 555 11.52 —1.04 —0.33 1.32 241 5.12
4 —125 —1.25 248 502 848 —0.50 —0.49 1.38 225 3.82
5 —1.53 —1.61 270 583 9.34 —0.55 —0.63 1.35 249 3.68
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Table 13

Robustness Test: Early Exercise Premium, Cont.

DP DP
1 2 3 4 5 1 2 3 4 5
o FFM4 t(aFFM4)
1 —-266 —1.13 248 6.59 10.66 —1.01 —-0.50 124 279 4.16
2 =273 —-120 266 541 11.73 —1.09 —-0.55 128 234 4.51
PIH 3 —240 —057 245 5.14 10.95 —0.91 —0.22 120 223 4.69
4 —-095 -0.93 225 471 7.97 —0.38 —0.36 124 210 3.43
5 —143 -—-146 273 5.33 8.70 —-0.52 —-0.57 1.37 225 3.37
oFF5 t(aFFB)
1 =270 =129 2.02 5.50 9.23 —-1.06 —-0.58 095 225 3.66
2 226 -—-1.06 229 462 1041 —-0.93 —-048 1.08 197 3.93
PIH 3 =233 —-066 193 4.36 9.64 —0.88 —0.25 094 188 4.16
4 —-0.82 -1.06 1.59 3.87 6.79 —-0.33 —-0.42 085 1.63 2.75
5 —132 -—-1.50 2.08 4.62 7.59 —0.48 —0.58 1.02 1.88 2.80
E. GRS (1989) Test
univariate-sorting double-sorting
GRS p-value GRS p-value
CAPM 3.938 0.003 2.579 0.001
FF3 3.426 0.008 2.468 0.002
FFM4 2.685 0.027 1.798 0.034
FF5 1.838 0.115 1.506 0.102
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Table 14

Robustness Test: Alternative Approach to Estimate EEP

This table tabulates results of the Longstaff and Schwartz (2001) least-square Monte Carlo
simulation approach under the stochastic volatility model of Heston (1993) (HSV) using average
option-implied dividend as a measure of expected dividend to estimate EEP of American
options. This new approach is an alternative to the simple approach to estimate EEP under
the Black and Scholes (1973) (BS) closed-form option-pricing formula using historical dividends
as inputs. Panel A reports summary statistics of parameters of the Heston (1993) model across
individual stocks. The parameters are estimated by calibrating the HSV model to quoted prices
of paired call and put options used to replicate synthetic individual dividend strips. & is the
rate of mean reversion. @ is the long-run variance of stock. ¢ is the volatility of variance. p>V
is the correlation between stock price and variance. V is the instantaneous variance. V and
o(V) are time-series mean and standard deviations of instantaneous variance. Panel B reports
summary statistics (in percentage) of pricing errors of the Heston (1993) model relative to
mid quoted options prices of calls and puts (¢ and e”) and their absolute values (|e€| and
leP]). Panel C reports summary statistics (in percentage) of EEP of calls and puts under the
BS model as a percentage of mid call and put options prices, EEPPS(C) and EEPPS(P), and
under the HSV model, EEP™SV(C) and EEP™SY(P), and differences in EEP of puts and calls
under the two models as a percentage of average mid prices of calls and puts, EEPBS(P -C)
and EEPTSV(P — ). EEPHSV=BS((), EEPSV-BS(P) and EEPHSV-B5(P — () are differences
in EEP of calls under the two models as a percentage of mid call prices, differences in EEP of
puts under the two models as percentage of mid put prices, and differences in differences of puts
and calls under the two models as a percentage of average mid prices of puts and calls. Mean,
standard deviation (std) , first quartile (p25), median (p50) and third quartile (p75) are reported.
Panel D tabulates beta coefficients and associated t-statistics of full-sample pooled regressions
of parameters of the Heston (1993) model, the risk-free rate (1), options time-to-maturity
(1), moneyness ratio (K/S) and average option-implied dividend normalzied by stock prcie
(DI/S) on (percentage) EEPHSV=BS(C) EEPHSV-BS(P) and EEP"SV-BS(P — ). Panel E
reports time-series mean values of EEPHSV*BS(P — () of quintile portfolios of underlying stocks
sorted by stock price normalized option-implied dividend (DI/S), historical average normalized
dividend risk premium (DP) and percentage of institutional holding (PIH). Portfolio 5 (1) has
the highest (lowest) value of a sorting variable. The sample period is from January 1996 to
December 2017.

A. Summary Statistics of Parameters of the Heston (1993) Model

mean std p25 p50 P75
K 8.05 6.00 3.20 6.55 14.03
9 0.23 0.20 0.11 0.19 0.29
£ 0.40 0.25 0.19 0.40 0.56
o>V —0.11 0.48 -0.34 -0.06 0.23
1% 0.35 0.25 0.16 0.26 0.41
a(V) 0.45 0.31 0.11 0.23 0.55
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Table 14

Robustness Test: Alternative Approach to Estimate EEP, Cont.

B. Pricing Errors of the Heston (1993) Model

mean std p25 p50 P75
¢ 0.17 0.72 —0.27 0.11 0.54
= 0.60 0.49 0.29 0.47 0.77
el 0.14 0.65 —0.25 0.06 0.45
le?| 0.52 0.46 0.24 0.44 0.67
C. Summary Statistics of EEP estimated under the Black and Scholes (1973) Model

and the Heston (1993) Model

mean std p25 p50 P75
EEPBS(C) 0.65 1.63 0.10 0.31 0.68
EEPBS(P) 0.83 1.75 0.26 0.46 0.92
EEPBS(P — O) 0.18 1.69 —0.14 0.39 0.86
EEPHSV(0) 0.72 1.58 0.01 0.40 0.95
EEPHSV(P) 0.89 0.69 0.41 0.79 1.28
EEPHSV(P — ) 0.17 1.81 —0.30 0.35 1.02
EEPHSV-BS(() 0.07 1.37 —-0.31 0.20 0.63
EEPHSV-BS(p) 0.05 1.73 —0.22 0.26 0.67
EEPHSV-BS(p _ ) —0.01 1.51 —0.57 0.03 0.67
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Table 14

Robustness Test: Alternative Approach to Estimate EEP, Cont.

D. Differences in EEPs under the Black and Scholes (1973) Model and

the Heston (1993) Model: Pooled Regression

EEPHSV—BS (C)

EEPHSV—BS (P)

EEPHSV—BS (P _ C)

15} t-stat 15} t-stat I53 t-stat

K —0.0009 ( —1.53 —0.0018 ( —2.54) —0.0003 ( —0.54)

13 —0.0041 ( —0.30 —0.0621 ( —3.59) —0.0362 ( —2.37)

0 0.1948 ( 13.51 0.1680 ( 8.40) —0.1055 ( —5.87)

v 0.0841 ( 7.58 0.0220 ( 1.58) —0.0906 ( —7.41)

P>V —0.0164 ( —2.46 —0.0154 ( —1.85) 0.0075 ( 1.02)

rf —1.7079 (—12.67 —1.4461 ( —8.58) 0.1791 ( 1.20)

T 0.0006 ( 8.70 —0.0006 ( —8.07) —0.0011 (—15.78)

K/S  —0.0231 ( —3.44 0.0268 ( 2.63) 0.0587 ( 7.87)

DI/S 1.5787 (220 1.0840 ( 1.09) —0.0318 ( —0.04)
E. Sorting Portfolio Analysis: Differences in Differences of EEP of Puts and Calls

under the Black and Scholes (1973) Model and the Heston (1993) Model
EEPHSV_BS(P o C)
1 2 3 4 5

DI/S —0.0076 —0.0075 —0.0072 —0.0070 —0.0077
DP —0.0077 —0.0067 —0.0087 —0.0059 —0.0081
PIH —0.0079 —0.0080 —0.0077 —0.0062 —0.0075
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Table 15
Portfolios Sorted by Firm Characteristics: Realized Returns

Panel A reports time-series average returns on portfolios of dividend strips, rP, in quarterly
percentage terms, of the five portfolios of dividend strips sorted by underlying stocks’ book-to-
market ratio (BM), operating profitability (OP), total asset growth rate (ATG) or cumulative
stock returns in the previous six months (RET(—1,—6)). At the end of each quarter ¢, stocks
are sorted into portfolios by quintile breakpoints of a firm characteristic among all listed stocks.
Portfolio 1 (5) has the lowest (highest) value of a firm characteristic. Panel B reports time-series
average returns on the portfolios of dividend strips, rP, in quarterly percentage terms, of the
25 portfolios sorted by PIH and firm characteristics. At the end of each quarter ¢, stocks are
first sorted into five portfolios based on the percentage of institutional holding, PIH, and within
each portfolio, stocks are then sorted into five sub-portfolios by quintile breakpoints of a firm
characteristics. In the rows labels with a firm characteristic, Portfolio 1 (5) has the lowest
(highest) value of the firm characteristic. In the column labeled PIH, Portfolio 1 (5) has the
lowest (highest) PTH. In each column, the five PTH portfolios are aggregated into one portfolio,
and returns on the aggregate portfolios are reported in the last row labeled by ALL. Column
labeled 5-1 represents spread in returns between Portfolio 5 and 1. The sample period is from
January 1996 to December 2017.

A. Portfolio Realized Returns 7P, univariate-sorting

BM
1 2 3 4 5 5—1
—1.64 —0.78 3.94 6.57 8.17 9.81
(—0.71) (—0.38) (2.16) (2.90) ( 3.45) (4.56)
oP
1 2 3 4 5 5—1
—2.32 ~1.12 412 7.18 9.81 12.13
(—1.02) (—0.47) (2.06) (3.00) (3.78) (3.17)
ATG
1 2 3 4 5 5—1
9.52 6.82 4.32 —1.22 —2.21 —11.73
(3.72) (2.92) (2.22) (—0.53) (—0.93) ( —4.27)
RET(—1,-6)
1 2 3 4 5 5—1
—1.73 ~1.02 4.31 6.18 8.41 10.14
(—0.80) (—0.50) (2.22) (3.01) (3.73) ( 3.38)
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Table 15

Portfolios Sorted by Firm Characteristics: Realized Returns, Cont.

B. Portfolio Realized Returns 7P, double-sorting

PIH

ALL

PIH

ALL

BM
1 2 3 4 5 5-1
—2.14 —1.34 4.15 6.73 8.65 10.79
(—0.93)  (=0.61)  (2.00)  (294)  (3.46) ( 3.48)
—2.46 —1.06 4.10 6.62 8.25 10.71
(—1.00) (=045  (201) (288  (3.33) ( 4.18)
—1.65 —0.75 3.95 6.58 8.27 9.92
(—0.67)  (=033)  (194)  (2.77)  (3.22) ( 4.50)
~1.35 —0.35 3.92 6.29 7.95 9.30
(—0.55)  (=0.15)  (1.92)  (293)  (3.23) ( 4.15)
~1.23 0.56 3.87 6.30 8.02 9.25
(—0.53)  ( 026)  (192) (262  (3.02) ( 3.05)
—1.77 —0.59 4.00 6.50 8.23 9.9
(—1.00)  (=0.31)  (238)  (3.22)  (3.90) ( 6.12)

oP

1 2 3 4 5 5-1
—3.36 —1.43 4.32 8.21 9.92 13.28
(—1.49)  (=0.66)  (213)  (359)  ( 3.97) ( 3.87)
—2.27 —1.54 427 8.02 10.21 12.48
(—0.98)  (=0.63) (208  (3.72)  ( 3.95) ( 3.34)
~1.59 —1.17 415 7.26 9.83 11.42
(—0.70)  (=0.53)  (2.05)  (299)  ( 3.76) ( 4.61)
—1.21 —0.92 3.96 7.17 9.26 10.47
(—0.53)  (=0.43) (195  (320) ( 3.81) ( 4.66)
~1.32 ~1.25 3.87 6.87 9.34 10.66
(—0.58)  (=0.55) (195  (299)  ( 3.60) ( 3.52)
~1.95 ~1.26 4.11 7.51 9.71 11.66
(—1.45)  (=0.73)  (223)  (3.86) ( 4.50) ( 5.52)
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Table 15

Portfolios Sorted by Firm Characteristics: Realized Returns, Cont.

B. Portfolio Realized Returns P, double-sorting

PIH

ALL

PIH

ALL

ATG

1 2 3 4 5 5-1

9.95 7.03 4.85 —1.33 —3.21 —13.16
(3.86) (2.97) (2.35)  (=059)  (—1.36) (—4.10)

9.72 6.92 4.72 —1.26 —3.54 —13.26
(3.77) (2.89) (2.30)  (=051)  (=1.37) (—6.74)

9.53 6.80 4.29 1.12 2.23 —7.30
(3.67) (2.86) (2.08)  ( 047)  ( 0.86) (—2.55)

9.24 6.72 412 —0.96 ~1.32 —10.56
(3.72) (2.77) (1.95)  (—043)  (=0.57) ( —4.40)

8.95 6.32 3.92 —0.82 —0.92 —9.87
(3.69) (2.78) (1.92)  (=0.38)  (—0.41) (—3.29)

9.48 6.76 4.38 —0.65 ~1.35 ~10.83
(4.72) (3.33) (2.51)  (=0.34)  (—0.83) (—7.09)

RET(—1,—6)

1 2 3 4 5 5-1
—2.21 ~1.32 4.61 6.20 8.51 10.72
(—1.03)  (=0.61)  (2.39) (2.86) (3.71) ( 3.38)
—2.03 —1.22 451 6.22 8.94 10.97
(—0.93)  (=0.56)  (2.31) (2.85) (3.83) ( 3.21)
—1.72 ~1.02 4.32 6.17 8.41 10.13
(—0.76)  (=0.50)  (2.24) (2.85) (3.74) ( 3.93)
—1.24 —0.94 421 5.93 8.21 9.45
(—0.60)  (—0.48)  (2.19) (2.91) (3.65) ( 4.60)
~1.19 —0.93 423 6.21 8.05 9.24
(—0.58)  (=0.43)  (2.19) (3.02) (3.76) ( 3.55)
—1.68 —1.09 4.38 6.15 8.42 10.10
(—1.32)  (=0.67)  (2.84) (3.37) (4.45) ( 5.22)
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Table 16

Portfolios Sorted by Firm Characteristics: Risk Exposures

The table reports the time-series mean of conditional risk exposures. fP™, GP, gPh FPu BPT and BP€ are exposures of quarterly excess returns on portfolios
of dividend strips with respect to the quarterly excess returns of the market portfolio, SMB, HML, UMD, RMW and CMA, respectively, and are estimated
from the time-series regressions in a rolling window of data. t-statistics of betas are adjusted for autocorrelation and heteroscedasticity. Panel A is for five
portfolios sorted by underlying stocks’ book-to-market ratio (BM), operating profitability (OP), total asset growth rate (ATG) or cumulative stock returns in
the previous six months (RET(—1,—6)). Panel B is for 25 portfolios sorted by percentage of institutional holding (PTH) and each of the four firm characteristics.

A. Risk Exposures, univariate-sorting

BM OP ATG RET(—1,-6)
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

CAPM: Capital Asset Pricing Model

Bpf” 0.29 -0.06 0.30 045 0.61 -0.27 -0.11 0.31 0.40 0.74 0.74 049 0.26 -0.15 -0.06 -0.20 -0.09 0.34 0.50 0.51
t(pr™) 392 -0.56 4.66 548 6.11 -3.66 -1.27 3.76 4.27 8.37 721 548 362 -2.82 -1.37 -3.67 -2.15 468 733 7.74
FF3: Fama and French Three-Factor Model

Bplm 0.28 -0.09 0.33 0.51 0.63 -0.25 -0.12 0.32 0.44 0.78 0.73 047 0.32 -0.24 -0.05 -0.27 -0.14 0.33 0.50 0.44
tﬁﬁpvm) 356 -1.15 4.76 5.45 7.04 -3.26 -1.62 4.00 5.85 7.04 829 5.00 4.03 -2.98 -0.87 -3.556 -1.84 3.55 5.81 5.03
5pf -0.62 -0.22 0.32 0.53 0.61 0.78 057 030 -0.26 -0.52 0.67 054 0.31 -0.38 -0.73 -0.46 -0.28 0.25 0.56 0.65
tﬁﬁp’s) -5.07 -2.85 3.12 3.88 5.61 5.87 462 3.69 -2.90 -4.70 547 445 3.16 -3.74 -5.11 448 -249 284 5.03 6.07
Bplh -0.61 -0.24 047 086 147 -0.37 -0.23 0.46 0.64 0.04 -0.16 0.64 0.43 -0.28 -0.45 -0.38 -0.22 0.44 0.58 0.39
t(ﬁp’h) 376 -2.09 421 6.52 9.29 -4.62 -3.05 3.83 6.08 046 -1.74  6.77 427 -240 -4.42 -3.29 -244 361 5.34 2.99
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Table 16

Portfolios Sorted by Firm Characteristics: Risk Exposures, Cont.

A. Risk Exposures, univariate-sorting

BM oP ATG RET(-1,-6)
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

FFM4: Carhart Four-Factor Model

[pPm 0.28 -0.08 0.31 0.52 0.64 -0.26 -0.15 035 0.44 0.75 0.77 0.48 0.35 -0.20 -0.08 -0.26 -0.12 0.39 0.51 047
t(pP™)  3.93 -1.09 4.45 548 6.47 -3.17 -1.52 3.68 548 7.14 7.63 5.18 392 -269 -1.16 -3.41 -1.21 4.07 544 4.04
[P -0.51 -0.23 0.32 0.49 0.57 0.69 055 0.31 -0.31 -0.59 0.67 0.56 026 -0.31 -0.64 -0.42 -0.24 0.32 0.54 0.65
t(pP%)  -4.27 -2.92 3.64 3.56 5.38 595 516 3.38 -3.11 -4.59 5.92 4.73 2.54 -3.43 -4.90 -4.32 237 343 4.83 6.20
grh -0.49 -0.27 0.47 088 1.32 -0.33 -0.25 044 0.64 0.07 -0.11 0.66 0.42 -0.27 -0.54 -0.40 -0.34 046 0.63 0.38
t(Bp’h) -3.40 -2.32 2.81 6.14 8.22 -4.08 -3.23 3.60 7.00 0.70 -1.56 7.13 4.33 -2.36 -5.24 -4.73 -3.52 328 583 2.27
pPt -0.28 -0.18 0.20 0.33 0.20 -0.31 -0.28 0.25 0.35 0.28 0.44 0.30 025 -0.19 -0.35 -0.77 -046 0.33 0.77 1.12
t(pPe) 250 -3.45 1.80 2.57 1.36 -2.72 -2.00 240 344 0.79 492 364 3.02 -195 -3.88 -6.56 -3.26 2.78 553 9.17
FF5: Fama and French Five-Factor Model

[Pm 0.30 -0.09 0.29 0.46 0.64 -0.29 -0.17 034 045 0.77 0.68 0.47 0.30 -0.22 -0.08 -0.22 -0.13 0.30 0.50 0.47
t(pP™)  3.76 -1.03 430 5.66 6.64 -3.03 -225 3.79 5.03 7.17 7.67 5.14 352 -342 -1.21 -3.41 -2.11 396 5.52 4.25
el -0.57 -0.28 0.31 0.46 0.57 0.74 055 0.32 -0.25 -0.54 0.67 0.53 0.28 -0.35 -0.70 -0.48 -0.25 0.30 0.56 0.64
t(pP*)  -526 -3.19 2.58 3.92 4.79 6.01 397 2.86 -2.25 -4.46 3.79 3.70 248 -2.99 -4.47 -4.35 -2.59 288 497 5.99
prh -0.53 -0.20 045 0.85 1.38 -0.36 -0.22 047 0.66 0.01 -0.12 0.63 0.40 -0.28 -0.46 -0.41 -0.28 049 0.56 0.41
t(Bp’h) -3.19 -1.56 294 6.43 9.00 -3.73 -2.18 3.89 4.90 0.12 -0.55 7.94 356 -1.82 -3.90 -3.67 -2.92 3.31 5.05 2.86
BPr -0.39 -0.21 0.37 0.47 0.56 -0.70 -0.35 043 0.83 1.52 0.68 0.62 043 -0.28 -0.41 -0.28 -0.17 048 0.64 0.69
t(pPr)  -2.11 -1.61 2.06 3.10 3.93 -4.21 -2.72 410 6.09 8.56 6.43 5.98 3.71 -2.26 -4.22 -2.45 -1.19 321 4.88 6.26
gp:e -0.37 -0.14 046 0.57 0.66 -0.41 -0.30 0.36 0.60 0.64 1.34 091 047 -0.31 -0.43 -0.35 -0.21 041 0.59 0.67
t(pPe)  -2.64 -1.25 287 3.14 4.22 -3.06 -213 3.26 539 6.56 9.22 7.16 442 -236 -5.05 -2.45 -226 3.27 528 5.73
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Table 16 Portfolios Sorted by Firm Characteristics:

Risk Exposures, Cont.

B. Risk Exposures, double-sorting

BM BM OP OoP
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
CAPM: Capital Asset Pricing Model
prm t(BPm) pPe t(BP?)
1 035 -0.20 028 0.43 0.39 3.99 -2.18 3.05 4.07 3.13 -0.32 -0.24 0.26 0.47 0.69 -4.56 -3.35 2.61 478 6.98
2 025 -0.16 035 048 049 482 -1.54 435 554 461 -0.36 -0.21 0.33 0.46 0.70 -4.64 -3.27 3.46 470 7.09
PIH 3 0.07 -0.11 038 046 0.75 078 -1.09 386 4.73 6.19 -0.23 -0.12 0.33 0.56 0.78 -2.42 -1.76 3.79 5.61 8.87
4 -0.14 -0.05 033 044 0.69 -1.71 -0.56 3.64 5.68 6.32 -0.18 -0.03 0.29 0.49 0.76 -2.93 -046 2.79 471 8.36
5 -0.18 0.13 032 047 0.70 -1.47 115 294 486 6.36 -0.18 -0.11 0.28 0.53 0.78 -1.23 -1.55 3.01 511 8.79
FF3: Fama and French Three-Factor Model
prm t(BPm) grm t(BPm™)
1 035 -0.14 029 0.37 0.39 3.26 -2.21 320 3.84 2.80 -0.25 -0.23 0.31 0.37 0.73 -3.97 -2.63 3.38 351 8.05
2 025 -0.10 032 046 048 352 -1.82 350 4.53 4.88 -0.36 -0.14 0.32 0.40 0.70 -4.23 -1.77 3.775 488 7.75
PIH 3 0.03 -0.10 0.33 044 0.73 049 -219 3.69 4.60 5.81 -0.31 -0.13 0.34 0.57 0.82 -4.38 -2.35 3.24 585 9.08
4 -0.20 -0.05 0.32 043 0.67 -3.08 -0.54 3.31 4.05 542 -0.12 -0.06 0.29 0.44 0.78 -1.92 -1.03 3.39 544 880
5 -0.20 0.08 032 046 0.69 -1.81  1.17 3.40 4.31 541 -0.18 -0.12 0.28 0.53 0.80 -2.03 -1.90 3.23 530 8.30
3PS t(BP) B t(BP*)
1 -0.39 -0.16 0.31 0.55 0.82 -5.74 -151 287 579 7.70 0.88 0.63 043 -0.07 -0.27 7.02 511 3.01 -0.58 -2.62
2 -047 -0.16 0.34 0.53 0.69 -3.48 -1.54 230 454 6.48 0.80 0.59 0.38 -0.24 -0.33 6.30 4.55 350 -3.25 -3.42
PIH 3 -0.54 -0.17 029 0.51 0.65 -3.45 -1.30 2.79 378 6.10 0.68 057 0.33 -0.28 -0.48 6.3 464 360 -259 -4.72
4 -0.60 -0.34 035 042 0.55 -5.22 -295 3.74 4.48 5.64 0.73 044 025 -0.36 -0.56 6.46 4.75 285 -3.31 -4.05
5 -0.64 -0.49 0.25 0.17 0.26 -4.01 -2.82 2.11 161 240 0.58 045 0.27 -047 -0.84 433 398 266 -3.66 -6.12
peh t(BrhY peh t(BrhY
1 -0.64 -0.26 052 104 1.62 -4.38 -2.36 3.87 5.64 11.61 -044 -0.27 0.61 0.84 0.33 -4.28 -2.73 4.33 7.80 3.61
2 -052 -0.23 044 096 1.33 -3.44 -1.71 3.87 6.44 8.88 -0.39 -0.20 056 0.70 0.14 -3.97 -193 450 6.54 1.69
PIH 3 -0.30 -0.18 044 088 1.40  -2.84 -1.37 3.93 470 728  -0.31 -024 054 0.70 025  -3.13 -2.60 452 7.00 2.25
4 -0.36 -0.11 044 0.69 1.03 -3.08 -0.60 4.23 5.50 7.41 -0.30 -0.28 0.43 0.59 0.14 -3.60 -3.11 4.22 564 145
5 -0.32 -0.03 035 0.79 1.03 -240 -0.30 2.98 4.80 6.43 -0.24 -0.18 0.39 0.45 -0.39 -2.88 -2.01 3.30 454 -3.64
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Table 16 Portfolios Sorted by Firm Characteristics: Risk Exposures, Cont.

S9[qR],

B. Risk Exposures, double-sorting

BM BM oP OP
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
FFM4: Carhart Four-Factor Model
prm t(BPm) grm t(BP™)
1 035 -0.14 0.30 0.39 0.39 421 -2.17 3.03 290 2.69 -0.40 -0.23 0.30 0.46 0.73 -5.78 232 432 521 7.775
2 028 -0.04 032 045 049 3.40 -0.35 3.98 5.60 4.32 -0.34 -0.16 0.37 047 0.71 424 -224 391 5.17 7.31
PIH 3 0.03 -0.11 0.32 047 0.76 0.32 -1.03 3.61 5.50 6.07 -0.34 -0.14 0.41 0.56 0.79 -3.45 -194 343 572 8.02
4 -0.21 -0.03 031 054 0.68 -2.13 -0.33 3.37 530 6.05 -0.13 -0.09 0.32 0.47 0.77 -2.03 -1.02 2.80 481 7.84
5 -0.25 0.09 029 047 0.69 -2.39  0.94 347 4.72 5.74 -0.21 -0.19 0.33 0.58 0.79 -1.28 -253 2.60 539 742
B t(BP) B t(BP*)
1 -0.37 -0.22 030 0.65 0.75 -5.37 -2.02 2.84 571 7.70 0.84 0.69 043 -0.23 -0.28 779 6.64 3.04 -195 -2.87
2 -044 -0.13 0.29 0.53 0.67 -3.30 -1.26 2.05 5.50 6.07 0.78 062 0.35 -0.25 -0.35 711 6.16 275 -2.84 -3.86
PIH 3 -0.55 -0.23 025 048 0.61 -3.35 -1.58 243 393 5.74 066 059 0.34 -0.21 -0.48 6.66 572 321 -1.93 -4.30
4 -0.57 -0.30 0.33 047 0.56 -462 -265 3.64 440 549 0.65 054 0.25 -0.30 -0.51 6.84 543 243 -2.35 -4.13
5 -0.64 -0.53 0.24 0.18 0.27 -3.77 =277 2.65 190 2.23 0.64 049 0.21 -0.38 -0.87 6.42 582 220 -242 -6.30
g HE" g HE"
1 -0.37 -0.22 030 0.65 0.75 -5.37 -2.02 2.84 571 7.70 0.84 0.69 043 -0.23 -0.28 779 6.64 3.04 -195 -2.87
2 -044 -0.13 0.29 0.53 0.67 -3.30 -1.26 2.05 5.50 6.07 0.78 0.62 0.35 -0.25 -0.35 711 6.16 275 -2.84 -3.86
PIH 3 -0.55 -0.23 025 048 0.61 -3.35 -1.58 243 393 5.74 066 059 0.34 -0.21 -0.48 6.66 5.72 321 -1.93 -4.30
4 -0.57 -0.30 0.33 047 0.56 -462 -265 3.64 440 549 0.65 054 0.25 -0.30 -0.51 6.84 543 243 -2.35 -4.13
5 -0.64 -0.53 0.24 0.18 0.27 -3.77 =277 2.65 190 2.23 0.64 049 0.21 -0.38 -0.87 6.42 5.82 220 -242 -6.30
g ) g (@)
1 -0.36 -0.32 0.21 0.31 -0.16 -3.43 -266 1.63 2.12 -0.92 -0.48 -0.32 0.31 0.15 -0.15 441 -239 226 0.72 -0.52
2 -024 -0.30 0.19 029 -0.34 -2.27 -3.43 185 3.14 -2.86 -0.36 -0.31 0.31 0.04 -0.09 -3.89 -2.11 3.37 024 -0.59
PIH 3 -0.23 -0.13 0.19 0.31 0.48 -1.87 -1.25 212 210 5.29 -0.34 -0.26 0.29 044 0.54 -2.92 -214 1.88 592 3.53
4 -0.26 -0.04 0.11 031 047 -2.38 -0.34 1.82 240 6.31 -0.32 -0.26 0.29 0.50 0.55 -2.02 -222 261 5.00 6.41
5 -0.24 -0.04 0.17 022 0.50 -1.60 -0.38 3.67 172 6.45 -0.18 -0.17 0.24 0.47 0.57 -1.29 -1.24 265 442 6.37
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B. Risk Exposures, double-sorting

S9[qR],

BM BM OP OP
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
FF5: Fama and French Five-Factor Model
prm t(BPm) grm t(pPm)
1 032 -0.15 030 040 0.39 3.66 -2.01 347 3.91 2.57 -0.29 -0.27 0.28 0.46 0.73 -3.52 -238 3.22 5.00 6.77
2 025 -0.09 031 047 048 3.01 -0.Y9 3.93 5.78 4.59 -0.31 -0.19 0.35 0.44 0.70 -291 -1.76 3.38 532 6.04
PIH 3 0.01 -0.09 033 045 0.73 0.08 -1.21 3.78 494 6.38 -0.29 -0.14 0.38 0.56 0.82 -2.72 -1.83 3.80 5.73 8.27
4 -0.18 -0.04 0.32 044 0.68 -2.05 -042 314 478 594 -0.13 -0.09 0.24 0.49 0.78 -1.82 -0.85 3.68 4.68 7.90
5 -0.21 0.12 031 045 0.70 -2.12  1.21 3.15 493 6.22 -0.23 -0.13 0.28 0.56 0.82 -1.57 -1.57 230 550 8.15
P t(BP#) pPe t(BP®)
1 -043 -0.17 0.28 0.57 0.74 -5.55 -1.52 213 6.27 7.53 0.86 0.69 041 -0.09 -0.32 550 376 229 -0.71 -3.30
2 -046 -0.21 0.28 0.52 0.67 -3.71 -2.26 1.58 538 6.82 0.76 059 0.36 -0.24 -0.39 5.57 3.66 258 -2.71 -3.29
PIH 3 -0.55 -0.17 025 049 0.59 -3.70 -1.00 2.03 4.01 6.24 0.67 058 0.30 -0.24 -0.45 486 347 278 -2.03 -3.49
4 -0.56 -0.34 035 049 0.55 -4.52 -2.16 3.28 4.07 5.27 070 049 026 -0.26 -0.55 528 3.08 221 -2.26 -4.31
5 -0.63 -0.51 0.20 0.17 0.25 -4.76 -3.01 165 1.10 1.71 058 041 026 -0.36 -0.91 449 3.06 195 -2.14 -6.21
g 3" g (3"
1 -0.56 -0.21 048 1.00 1.60 -444 -1.68 3.66 5.72 10.09 -0.47 -0.37 058 0.79 0.33 -3.91 -2.15 298 549 3.08
2 -048 -0.22 0.46 095 1.37 -3.43 -1.23 3.99 5.64 9.32 -0.35 -0.27 055 0.66 0.13 -2.96 -2.18 3.22 457 094
PIH 3 -0.29 -0.19 043 082 1.27 -1.89 -1.24 3.84 497 7.92 -0.33 -0.24 051 0.69 0.20 -3.40 -2.16 345 588 0.79
4 -0.37 -0.12 045 0.70 0.95 -2.67 -0.54 3.68 4.46 6.85 -0.29 -0.21 0.44 0.55 0.17 235 -1.99 391 5.26 1.02
5 -0.36 -0.05 035 0.73 1.00 -1.63 -0.33 2.26 4.46 5.89 -0.20 -0.15 0.37 0.44 -0.30 -0.92 -0.78 296 374 -2.82
Ber t(BPT) per t(BP")
1 -0.48 -0.20 0.37 0.49 0.59 -3.01 -1.22 224 253 3.62 -0.85 -0.62 0.43 0.88 1.82 -6.20 -3.60 245 6.87 9.86
2 -047 -0.17 036 045 0.61 -3.23 -1.22 216 3.21 3.58 -0.63 -0.46 044 0.79 143 4.04 -232 295 630 9.86
PIH 3 -040 -0.16 0.37 0.44 0.55 -2.22  -0.78 214 273 3.06 -0.58 -0.34 0.45 0.76 1.38 -4.32 -197 3.24 6.53 8.74
4 -0.31 -0.22 0.35 042 0.54 -1.34 -1.17 198 3.03 3.06 -045 -0.28 0.45 0.82 1.48 -3.39 -240 345 7771 873
5 -0.11 -0.15 028 044 0.1 -0.61 -0.93 190 2.15 2.09 -0.32 -0.32 047 0.78 1.61 -2.35 -1.82 323 595 9.68
e pr) pre 5")
1 -0.31 -0.24 0.56 067 0.81 -2.48 -1.41 3.98 471 5.66 -0.39 -0.12 0.36 066 0.71 -3.20 -1.24 194 450 7.27
2 -0.35 -0.27 0.52 0.51 0.61 -3.22 -2.03 4.06 4.03 4.25 -0.52 -0.17 0.43 0.51 0.67 -4.15 -1.05 3.14 4.57 6.49
PIH 3 -0.26 -0.20 044 0.50 0.60 -1.30 -0.90 3.28 4.38 4.18 -0.38 -0.25 0.42 0.56 0.57 -3.18 -1.71 2.66 485 6.04
4 -0.27 -0.15 043 0.53 0.60 -2.07 -0.96 225 4.06 4.47 -0.38 -0.24 0.35 0.59 0.67 -2.66 -2.02 254 592 6.09
5 -0.23 -0.06 0.38 046 0.63 -1.40 -0.35 191 336 5.25 -0.27 -0.23 0.34 0.47 0.58 215 -227 267 434 592
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Table 16 Portfolios Sorted by Firm Characteristics: Risk Exposures, Cont.

B. Risk Exposures, double-sorting

ATG ATG RET(—1,-6) RET(—1,—6)
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
CAPM: Capital Asset Pricing Model
grm t(pPm) pPe t(BP*)
1 065 047 023 -024 0.08 761 561 340 -222 0.43 -0.25 -0.21 0.36 0.48 0.43 -3.71 -2.85 4.38 5.17 6.21
2 069 042 035 -025 0.22 7.72 525 4.01 -2.63 2.02 -0.33 -0.17 0.35 0.48 0.47 -4.56 -2.55 4.79 574 6.93
PIH 3 086 0.50 0.28 -0.18 -0.27 842 564 263 -256 -4.12 -0.18 -0.12 0.30 0.54 0.64 -3.67Y -1.53 3.69 577 7.53
4 076 048 028 -0.12 -0.24 8.31 534 3.70 -1.90 -3.74 -0.16 -0.07 0.24 0.54 0.58 -2.59 -0.83 264 6.12 7.11
5 079 042 030 -0.11 -0.29 791 537 4.67 -2.40 -3.23 -0.08 -0.05 0.21 0.44 0.55 -1.67 -0.86 2.85 5.62 6.98
FF3: Fama and French Three-Factor Model
grm t(pPm) grm t(prm)
1 058 045 0.19 -0.29 0.10 530 5.04 225 -297 0.89 -0.33 -0.20 0.36 0.48 0.45 -4.54 -243 427 432 3.97
2 0.67 044 038 -024 0.26 6.77 452 3771 -2.68 2.78 -0.35 -0.22 0.35 043 047 =531 -258 424 461 4.76
PIH 3 095 054 028 -0.18 -0.34 938 526 3.20 -2.15 -4.91 -0.20 -0.14 0.32 0.53 0.65 234 -147 432 521 587
4 0.87 049 028 -0.17 -0.28 897 4.04 358 -223 -3.35 -0.15 -0.07 0.26 0.53 0.62 -2.45 -1.21 3.28 4.52 5.67
5 0.77 045 030 -0.19 -0.30 825 463 3.65 -224 -3.37 -0.13 -0.03 0.29 0.51 048 -1.23 -0.27 3.99 4.88 4.21
o 5") e 1pr)
1 082 057 042 -0.27 -0.62 926 4.18 3.93 -1.56 -4.43 -0.56 -0.33 0.43 0.69 0.79 -4.86 -3.71 3.31 4.89 5.73
2 0.68 0.50 042 -0.27 -0.66 6.61 4.02 3.77 -2.43 -3.44 -045 -0.31 035 0.72 0.73 -4.22 -3.24 395 6.22 5.80
PIH 3 0.67 053 0.29 -0.40 -0.63 6.38 446 232 -4.13 -4.61 -0.32 -0.24 0.38 0.52 0.65 -2.73 -2.79 3.77 5.66 5H.71
4 0.58 046 021 -0.32 -0.67 477 414 1.72 -3.25 -7.24 -0.27 -0.18 0.34 0.42 0.59 -2.95 -1.81 3.97 4.58 5.85
5 0.60 0.45 027 -041 -0.80 5.09 440 2.76 -2.88 -7.08 -0.33 -0.21 0.19 0.37 0.49 277 -198 192 3.72 5.65
g t(BrhY prh t(BP")
1 022 069 045 -0.35 -0.61 1.68 6.31 4.37 -447 -5.31 -047 -0.34 054 0.66 0.16 -4.07 -3.65 4.13 7.23 211
2 004 0.66 047 -025 -0.45 0.30 5.32 459 -229 -3.86 -0.60 -0.33 056 0.59 0.18 -5.94 -3.09 3.89 6.44 255
PIH 3 -0.09 0.62 0.39 -0.22 -0.43 -0.81 4.43 3.77 -2.45 -3.51 -0.37 -0.34 051 0.69 0.60 -3.07 -3.21 3.72 6.32 545
4 -0.24 061 046 -0.14 -0.29 -254 471 421 -1.63 -2.83 -0.38 -0.30 0.50 0.39 0.70 -3.73 -254 3.61 521 6.58
5 -0.33 0.55 037 -0.13 -0.18 -3.64 495 3.70 -1.57 -1.93 -0.22 -0.10 0.38 0.46 0.61 -2.71 -1.20 3.32 5.74 5.22

S9[qR],
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Table 16 Portfolios Sorted by Firm Characteristics: Risk Exposures, Cont.

B. Risk Exposures, double-sorting

PIH

PIH

PIH

PIH

Ul Wb — Ol W N~

Ol Wb =

ATG ATG RET(—1,-6) RET(—1,—6)
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
FFM4: Carhart Four-Factor Model
prm t(BPm) grm t(prm)
062 045 025 -028 0.06 511 473 275 -247 0.54 -0.31 -0.22 0.36 0.48 0.53 -4.10 -2.61 3.56 4.33 6.42
0.70 046 0.35 -0.29 0.24 599 404 3.82 -298 247 -0.32 -0.19 0.33 0.46 0.69 -5.20 -2.51 454 454 6.79
0.86 049 0.32 -0.20 -0.32 724 422 329 -226 -4.26 -0.24 -0.14 0.33 0.57 0.64 -3.41 -1.37 4.03 522 5.71
0.799 051 031 -0.19 -0.29 7.21 403 3.83 -222 -3.23 -0.16 -0.09 0.26 0.54 0.59 -2.99 -1.31 3.65 4.86 4.20
0.75 049 0.36 -0.20 -0.27 6.87 478 4.04 -2.01 -3.24 -0.16 -0.07 0.28 0.46 0.57 -1.36 -0.71 2.92 4.04 4.55
P t(BP%) g t(BP*)
0.86 0.59 0.38 -0.26 -0.64 8.86 4.25 3.92 -1.73 -4.70 -0.56 -0.31 0.45 0.63 0.77 -4.16 -3.23 3.42 5.30 6.00
0.70 0.52 0.37 -0.21 -0.63 7.16 3.82 3.00 -2.00 -3.71 -0.46 -0.31 0.37 0.64 0.53 -5.02 -3.02 3.48 5.86 6.23
0.71 052 0.34 -0.36 -0.62 714 492 231 -440 -5.49 -0.34 -0.21 0.36 0.52 0.63 -3.52 -2.34 281 5.25 6.93
0.62 043 0.15 -040 -0.67 594 3.72 164 -4.99 -7.32 -0.30 -0.15 0.24 0.47 0.56 -3.26 -1.35 3.05 3.99 6.13
055 049 0.19 -0.42 -0.74 577 499 202 -3.56 -7.29 -0.35 -0.21 0.24 0.35 048 -3.38 -1.70 249 364 5.24
prh t(BrhY prh t(BrhY
0.31 0.72 047 -0.38 -0.66 240 594 391 -429 -6.12 -0.47 -0.35 0.53 0.63 0.17 -5.42 -3.59 447 7.07 1.72
0.04 0.66 047 -0.23 -0.43 0.25 4.52 421 -2.09 -4.54 -0.66 -0.36 055 0.64 0.19 -6.07 -3.84 452 7.01 277
-0.06 0.63 042 -0.27 -0.39 -0.60 4.15 3.81 -3.05 -4.07 -0.38 -0.37 0.49 0.63 0.62 -4.10 -3.63 4.76 7.51 7.31
-0.24 0.63 036 -0.15 -0.33 -2.03 6.47 3.76 -145 -3.39 -0.34 -0.34 0.46 0.52 0.65 -3.52 -249 437 5.72 7.34
-0.31 0.55 0.38 -0.17 -0.20 -3.27 5.08 341 -2.19 -2.39 -0.28 -0.04 0.37 0.40 0.58 -2.88 -0.36 4.14 5.23 6.40
gr t(BP™) pr t(B8P)
044 034 025 -027 -0.44 4.07 222 138 -195 -3.54 -1.08 -0.66 0.37 0.85 1.30 -8.29 -6.44 3.55 7.05 820
052 035 024 -024 -0.39 452 336 216 -1.52 -2.62 -0.84 -0.52 0.37 0.79 1.16 -7.73 -490 346 7.23 7.80
045 0.36 021 -0.19 -0.28 3.74 225 136 -1.76 -2.65 -0.76 -0.31 0.28 0.75 1.04 -6.74 -234 235 7.15 8.14
044 0.30 0.20 -0.16 -0.31 3.3 223 1.05 -1.86 -2.68 -0.60 -0.40 0.28 0.71 0.98 482 -3.53 3.22 6.11 7281
044 0.32 0.23 -0.11 -0.17 3.83 267 224 -1.18 -1.44 -0.46 -0.20 0.20 0.66 1.02 -4.06 -1.18 3.25 6.53 8.05
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Table 16 Portfolios Sorted by Firm Characteristics: Risk Exposures, Cont.

V8T

B. Risk Exposures, double-sorting

RET(—

RET(—1,—6)

3

3 4

Bp,m

t(Br™)

0.37
0.34
0.34
0.26
0.24

Bp,s

4.33 5.13
3.91 4.89
3.77 594
3.68 5.14

t(BP®)

0.43
0.41
0.39
0.17

Bp,h

0.54
0.52
0.50
0.36

Bpﬂ“

0.51
0.47
0.51
0.43

Bp,c

t(BP’C)

ATG ATG
1 2 3 4 5 1 2 3 4 5
FF5: Fama and French Five-Factor Model
prm t(BPm)
1 059 045 022 -0.29 0.10 5.74 470 3.40 -221 0.73
2 069 044 038 -025 0.23 728 480 4.54 -258 2.16
PIH 3 086 0.51 0.28 -0.18 -0.30 873 480 3.83 -1.68 -3.24
4 077 048 027 -0.18 -0.26 8.23 466 3.56 -2.45 -3.18
5 079 043 031 -0.17 -0.28 8.96 4.39 4.09 -1.76 -2.71
Brs t(BP)
1 084 056 042 -0.25 -0.60 542 400 3.82 -142 -3.72
2 070 0.53 038 -0.26 -0.63 431 3.14 252 -164 -4.04
PIH 3 0.65 0.51 029 -0.34 -0.66 462 3.75 2.02 -2.55 -4.95
4 056 046 0.19 -0.35 -0.68 396 3.8 123 -2.77 -5.06
5 055 042 014 -044 -0.81 3.59 3.05 1.16 -2.87 -4.97
/szh t( 7p>h)
1 023 070 047 -0.34 -0.64 1.22 403 232 -3.35 -4.34
2 002 0.67 045 -025 -041 0.12 425 272 -1.87 -4.10
PIH 3 -0.04 0.60 043 -0.23 -0.45 -0.32 4.12 220 -1.44 -4.51
4 -0.23 0.62 0.37 -0.16 -0.34 -1.11 3.89 293 -1.10 -2.59
5 -0.32 0.57 036 -0.13 -0.18 -1.66 2.76 3.50 -1.15 -2.10
[P (P
1 076 065 045 -042 -0.55 6.49 3.93 3.55 -2.35 -4.67
2 069 0.70 045 -0.34 -047 556 3.91 270 -1.90 -4.00
PIH 3 068 0.63 042 -0.31 -041 5.19 4.70 257 -2.23 -2.83
4 0.65 0.52 038 -0.19 -0.32 446 3.40 270 -1.34 -2.14
5 0.68 0.55 038 -0.16 -0.20 550 3.73 284 -1.52 -1.86
pre H(B™)
1 182 1.16 0.66 -0.43 -0.64 993 6.12 3.25 -4.09 -6.51
2 164 091 063 -0.36 -0.59 9.05 580 3.08 -2.68 -5.14
PIH 3 129 0.85 0.50 -0.27 -0.31 758 6.00 2.35 -2.45 -3.47
4 101 076 047 -0.18 -0.28 6.90 3.34 331 -2.05 -2.29
5 097 0.73 044 -0.11 -0.22 420 2.87 242 -1.10 -1.80

0.43
0.41
0.43
0.38
0.40

3.65 4.45
3.73  4.77
3.01 4,51
2.40 4.76
3.13 4.98
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Tables

Table 17
Portfolios Sorted by Firm Characteristics:

Cross-sectional Regressions and Price of Risk

This table reports the cross-sectional regression results of portfolio quarterly excess returns, 77,
on conditional beta coefficients on risk factors under different asset pricing models, the Capital
Asset Pricing Model (CAPM), the Fama and French (1993) three-factor model (FF3), the
Carhart (1997) four-factor model (FFM4) and the Fama and French (2015) five-factor model
(FF5). \o is regression intercept. A™, A%, A"/ A% X" and A¢ are prices of the market risk factor,
the size factor (SMB), the value factor (HML), the momentum factor (UMD), the profitability
factor (RMW) and the investment factor (CMA). Testing portfolios are 25 portfolios sorted
by PIH and firms characteristics, including book-to-market ratio (BM), operating profitability
(OP), total asset growth rate (ATG) and cumulative stock return in the previous six months
(RET(—1,—6)). The table reports time-series average of estimated coefficients, t-statistic
adjusted for autocorrelation and heteroscedasticity in parentheses, and mean value of adjusted
R? (R?) of regressions. The sample period is from January 1996 to December 2017.

25 Portfolios Sorted by PIH and BM

Ao A A8 A\ AU A" A€ R?
Est. 3.04 2.26 0.284
t-stat (2.08) (2.38)
Est. 1.99 3.02 1.58 2.26 0.413
t-stat (1.94) (223) (245  (2.80)
Est. 1.88 2.60 1.51 2.11 1.24 0.494
t-stat (1.86) (2.18) (2.34) (2.43) (1.32)
Est. 1.01 2.01 1.31 2.03 1.68 1.59 0.631
t-stat (0.80) (1.75) (2.08) (2.98) (2.89) (3.34)
25 Portfolios Sorted by PIH and OP

)\O UL 2\ Ah’ AU 2\ ¢ RQ
Est. 3.13 2.95 0.311
t-stat (2.36) (2.95)
Est. 3.37 3.28 —0.38 1.58 0.390
t-stat (3.13) (1.91) (—0.43) (1.37)
Est. 3.17 3.21 —0.43 1.59 1.68 0.452
t-stat (3.02) (2.33) (—0.54) (1.64) (1.58)
Est. 1.02 3.32 —0.28 1.25 2.27 1.42 0.585
t-stat (1.00) (2.47) (—0.36) ( 1.58) (3.43) (2.66)
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Table 17 Portfolios Sorted by Firm Characteristics:
Cross-sectional Regressions and Price of Risk, Cont.

25 Portfolios Sorted by PIH and ATG

Est.
t-stat
Est.
t-stat
Est.
t-stat
Est.
t-stat

Est.
t-stat
Est.
t-stat
Est.
t-stat
Est.
t-stat

Ao A A8 AP AU A" A€ R?

3.74 2.84 0.339
(2.15) (3.22)

3.56 3.15 2.00 1.27 0.384
(1.94) (238)  (257) (210

3.13 3.17 1.46 1.06 2.97 0.437
(1.78) (3.30) ( 2.00) (1.83) (2.38)

1.02 2.82 1.40 1.16 1.58 2.39 0.601
(1.17) (251)  (222)  (1.83) (2.24) (5.06)

25 Portfolios Sorted by PTH and RET(—1,—6)

Ao A A8 A\ A AT ¢ R?

2.85 3.47 0.267
(2.01) (3.34)

2.11 3.46 2.70 0.60 0.399
(1.97) (212) (328  (0.66)

1.43 3.49 2.46 0.70 2.39 0.494
(1.78) (284)  (3.14)  (0.83) (2.33)

1.09 3.54 2.65 1.17 1.42 1.77 0.555
(147) (245)  (351) (147 (2.53)  (3.96)
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Table 18
Portfolios Sorted by Firm Characteristics:

Times-Series Regressions and GRS Test

Panel A and B report pricing errors for the CAPM (a®APM) the FF3 (afF?), the FFM4
(aFFM4) and the FF5 (af'f?) of the time-series regression of quarterly excess returns Foy1 Of
portfolios of dividend strips on quarterly risk factors fgi1, where fo11 = 7074 (excess return on
the S&P 500 index) for the CAPM, fy41 = [, SMBqs1, HMLgy1] for the FF3, fo1 — [,
SMB,1, HMLgs1, UMDys1] for the FFM4, and fyi1 — [77%, SMBys1, HMLgi1, RMW, g,
CMA 41| for the FF'5. Panel A is for quintile portfolios sorted by book-to-market ratio (BM),
operating profitability (OP), total asset growth rate (ATG) or cumulative stock return in the
previous six months (RET(—1,—6)). Panel B is for portfolios first sorted by percentage of
institutional holding (PIH) and then by one of the four firm characteristics. Panel C summarizes
GRS (1989) test statistics and p-values.

A. Pricing Errors of Times Series Regressions: univariate-sorting

BM BM

1 2 3 4 5 1 2 3 4 5
QCAPM 273 120 284 512 643 t(o“APM) 116 -0.56 152 223 273
afF3 -1.99 —0.89 227 420 508 t(afF?) -0.93 —044 127 187 231
ofFM4 177 —0.64 2.10 381 497 t(oFFMY) 084 -032 118 1.69 227
oo ~1.40 —0.57 1.62 335 411 t(a"F) -0.68 —0.29 092 146  1.89

OoP oP

1 2 3 4 5 1 2 3 4 5
QCAPM 931 142 297 583  7.80 t(a®APM) 101 —0.58 145 239 = 3.02
afFs3 —2.59 —1.55 243 548 800 t(afF?) -1.19 -0.66 1.19 225  3.01
QfFM4 217 123 216 516 774  t(@'™4)  —1.01 -052 1.06 213 2091
Qo ~1.50 —0.89 1.62 419 584 t(afF) -0.72 -0.38 0.77 172 235

ATG ATG

1 2 3 4 5 1 2 3 4 5
QCAPM 756 531 327 —1.50 —261 t(a“APM) 299 224 163 —0.63 —1.07
a3 725 466 2.69 —0.92 —1.92 ¢t(af") 2.79  2.06 140 —0.40 —0.85
ofFME 668 433 246 —0.75 —1.53 t(ofT™4) 257 190 1.26 —0.33 —0.67
Qo 544 327 193 —043 —1.19 t(afF) 221 150 1.01 -0.20 —0.51

RET(-1,-6) RET(-1,-6)

1 2 3 4 5 1 2 3 4 5
QCAPM 187 136 3.12 470 694 t(a®APM) 085 —0.65 1.58 228  3.06
af'ts ~1.25 —0.93 266 394 635 t(a'F?) -0.62 —0.46 1.40 190  2.80
of M4 047 —046 225 3.04 500 t(oFFMY) 022 -022 1.22 150 @ 2.22
afFo —0.79 —0.62 1.82 282 504 t(afF) -0.40 -0.31 093 133 223
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Table 18 Portfolios Sorted by Firm Characteristics:

Times-Series Regressions and GRS Test, Cont.

B. Pricing Errors of Times Series Regressions: double-sorting

PIH

PIH

PId

PIH

QU W N~ QU = W N~ U = W N

QU W N =

BM BM
1 2 3 4 5 1 2 3 4 5
aCAPM t(aCAPM)
-3.36 —1.62 3.03 542 7.33 —1.45 —-0.72 144 234 290
—-3.48 —1.39 293 5.17 6.77 —1.38 —0.57 141 222 2.71
—2.25 —1.08 277 5.18 6.29 —0.88 —0.47 133 214 2.46
—1.49 —-0.83 2.76 4.90 6.09 —0.60 —-0.35 132 226 2.49
—-135 —-0.14 271 485 6.11 —0.57 —-0.06 1.31 2.00 231
aFFS t(aFFg)
—2.73 —1.36 2.48 433 5.82 —-124 —-0.62 1.20 201 251
—2.94 —1.11 239 420 5.51 —-1.26 —-0.47 114 187 2.36
—1.71 —0.87 227 428 4.98 —0.71 —-0.39 109 184 2.03
—0.98 —0.48 224 4.18 5.07 —-0.41 -0.21 1.11 192 209
—0.82 0.12 233 4.23 5.30 —0.35 0.06 1.17 1.81 2.02
aFFM4 t(aFFM4)
—2.40 —-0.98 224 4.05 6.08 —-1.09 —-045 108 1.89 261
—2.69 —0.80 2.29 394 5.98 —1.16 —-0.34 1.10 1.76 2.54
—1.45 —-0.68 211 3.94 4.46 —0.60 —-0.30 101 1.71 1.83
—0.60 —-0.42 215 3.61 449 —0.25 —0.18 1.07 165 1.86
—0.44 0.23 210 4.00 4.78 —0.19 0.11 106 1.71 1.81
aFFS t(aFFS)
—-1.99 —-1.05 1.75 3.50 4.70 —-0.91 —-0.49 084 1.63 2.00
—2.22 =079 1.71 3.39 4.48 —-0.99 —-0.34 082 154 195
—1.13 —-0.61 1.61 3.49 4.08 —-049 —-0.27 0.76 150 1.70
—0.43 —-0.26 156 3.33 4.12 —0.18 —0.11 0.77 154 1.72
—0.51 031 1.76 3.45 4.25 —0.22 0.15 0.88 1.50 1.62
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Table 18 Portfolios Sorted by Firm Characteristics:

Times-Series Regressions and GRS Test, Cont.

B. Pricing Errors of Times Series Regressions: double-sorting

PIH

PIH

PId

PIH

QU W N~ QU = W N~ U = W N

QU W N =

op op
1 2 3 4 5 1 2 3 4 5
aCAPM t(aCAPM)
-3.39 -1.50 321 6.86 7.93 —149 —0.69 1.54 297 321
—2.09 —1.76 3.08 6.69 8.29 —0.89 —0.70 1.47 3.06 3.22
—1.52 —1.44 293 561 7.66 -0.66 —0.63 1.42 2.28 298
—154 —1.35 2.84 574 7.19 —0.66 —0.62 1.36 254 3.01
~1.49 —155 280 5.27 7.23 —0.65 —0.67 1.38 2.28 2.83
aFFS t(aFFg)
—-3.55 —1.77 2.60 6.27 7.93 —1.60 —0.84 1.28 267 3.07
—2.31 —1.87 250 6.28 847 —-0.99 —-0.75 1.18 286 3.12
—-1.72 —-163 242 531 7.81 —-0.76 —0.73 1.19 217 2.82
—1.71 —1.45 237 548 7T7.44 —0.77 —0.69 1.15 247 288
—-1.66 —1.72 237 5.18 7.97 —0.73 —0.75 120 219 2.76
aFFM4 t(aFFM4)
—2.75 —1.32 221 6.20 8.06 —-1.26 —-0.62 1.08 267 3.09
—1.71 —-1.72 226 6.25 845 —-0.72 —-0.68 1.07 285 3.11
—1.25 —1.38 200 4.80 7.18 —0.55 —0.61 098 194 260
—133 —1.24 199 494 6.78 —0.59 —-0.57 0.96 2.19 2.60
—1.55 —1.44 206 462 7.34 —0.67 —0.63 1.03 194 253
aFFS t(aFFS)
—2.34 —-0.89 1.83 480 545 —-1.03 —-0.42 089 205 228
—1.25 —1.35 1.73 b5.02 6.27 —0.54 —-0.55 0.80 2.28 2.43
—0.72 —-1.08 1.63 4.03 5.81 —0.34 —-0.49 0.79 161 222
—0.99 —1.07 158 4.22 5.36 —0.45 —-0.51 0.75 194 225
—1.11 —-1.27 1.65 397 5.75 —0.50 —0.57 0.84 1.69 247
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Table 18 Portfolios Sorted by Firm Characteristics:

Times-Series Regressions and GRS Test, Cont.

B. Pricing Errors of Times Series Regressions: double-sorting

PIH

PIH

PIH

PIH

U W N = Ot W N Ot W N =

Ot s W N =

ATG ATG
1 2 3 4 5 1 2 3 4 5
aCAPM t(aCAPM)
8.18 559 3.8 —-138 -—-3.76 3.20 234 1.84 —-0.60 —1.56
7.80 552 342 —-1.27 —4.46 3.04 227 164 —-0.50 —1.68
7.30 526 3.17 0.92 2.25 288 219 1.1 0.38 0.85
717 525 3.06 —126 —1.34 293 214 142 —056 —0.57
6.86 4.93 276 —1.16 —0.91 289 214 133 —0.53 —0.40
aFFS t(aFFg)
763 484 3.39 —-0.93 -—-3.20 3.07 198 163 —-0.41 —1.42
746 480 289 -—-1.02 -—-3.89 287 202 140 —-042 —1.57
6.92 450 2.74 1.31 2.93 241 197 1.32 0.56 1.16
6.97 455 260 —-0.89 -—-0.72 252 193 125 —-0.41 —-0.31
6.76 434 242 —-0.71 —-0.31 249 191 1.18 --0.33 -0.14
aFFM4 t(aFFM4)
542 320 233 —-0.14 -2.11 232 137 1.16 —-0.06 —0.96
543 3.27 195 —-0.30 —2.94 214 141 096 —-0.13 —1.23
5.27 3.23 188 1.76 3.63 203 1.50 0.95 0.77 1.49
548 340 1.92 —-0.50 -—-0.16 223 155 0.92 —-0.23 —-0.07
5.28 3.16 1.67 —-0.44 0.07 213 148 0.83 -0.21 0.03
aFF5 t(aFFS)
7.04 438 3.08 —-0.60 —2.63 286 181 149 -0.27 -—-1.16
6.76 430 2.68 —-0.69 —3.48 262 181 130 —-0.28 —1.43
6.49 420 2.48 1.56 3.30 229 184 1.19 0.66 1.30
6.46 422 237 —-0.67 -—-0.34 233 178 1.13 —-0.30 —-0.15
6.27 393 2.08 —-0.54 -—-0.19 230 1.72 1.00 -—-0.25 —0.09

190



Tables

Table 18 Portfolios Sorted by Firm Characteristics:

Times-Series Regressions and GRS Test, Cont.

B. Pricing Errors of Times Series Regressions: double-sorting

PIH

PIH

PId

PIH

QU W N~ QU = W N~ U = W N

QU W N =

RET(—1,-6) RET(—1,-6)
1 2 3 4 5 1 2 3 4 5
aCAPM t(aCAPM)
—227 —1.44 338 4.76 7.14 -1.05 —0.66 1.71 218 3.07
~1.90 —1.42 328 4.79 7.50 —0.87 —0.64 165 216 3.18
-1.93 —1.30 322 4.54 6.61 -0.84 —0.62 1.63 2.09 295
—1.50 —1.38 3.23 4.33 6.54 —0.71 —0.69 1.64 213 2.90
—~1.58 —1.41 336 4.87 6.40 —0.75 —0.64 1.69 2.33 2.99
FF3 t(aFFg)
—1.51 —-1.08 2.76 392 6.55 —0.72 —-0.54 142 175 2.94
—-1.22 —-097 271 4.00 6.91 —-0.63 —-048 139 1.75 296
—1.42 —-0.95 256 3.83 5.83 —0.64 —048 131 1.74 2.56
—1.05 —1.18 2.69 3.67 5.71 —0.53 —-0.62 1.37 1.79 2.46
—1.21 —1.25 277 4.17 5.89 —0.58 —0.57 144 199 2.75
aFFM4 t(aFFM4)
—0.40 —-0.29 236 294 488 —0.21 —-0.14 120 140 2.14
—-0.20 —-0.36 2.28 3.05 5.63 —-0.09 -0.17 1.15 135 2.37
—0.54 —-0.56 228 289 4.66 —0.26 —0.28 1.17 129 213
—042 —-0.64 2.36 283 4.60 —0.20 —-0.34 1.20 142 2.02
—0.09 —0.80 2.64 342 4.57 —-0.28 —-0.39 135 161 213
FF5 t(aFFS)
—0.68 —0.46 1.89 274 5.78 —0.32 —-0.24 095 1.19 257
—0.36 —0.54 184 284 5.99 —0.19 —-0.27 0.93 120 2.56
—0.88 —0.56 1.70 2.64 4.88 —0.40 —-0.28 0.85 1.15 214
—0.94 —-0.80 186 2.63 4.96 —0.47 —-0.42 092 124 215
—-0.99 -1.13 2.11 3.18 5.00 —048 —0.52 1.09 153 237
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Figures

Table 18 Portfolios Sorted by Firm Characteristics:
Times-Series Regressions and GRS Test, Cont.

¢

C. GRS (1989) Test

univariate-sorting, BM double-sorting, BM
GRS p-value GRS p-value
CAPM 4.544 0.001 2.507 0.002
FF3 2.179 0.065 1.653 0.058
FFM4 2.079 0.077 1.582 0.077
FF5 1.386 0.239 1.348 0.175
univariate-sorting, OP double-sorting, OP
GRS p-value GRS p-value
CAPM 3.326 0.009 2.018 0.014
FF3 3.370 0.008 1.880 0.024
FFM4 2.862 0.020 1.784 0.036
FF5 1.844 0.114 1.497 0.105
univariate-sorting, ATG double-sorting, ATG
GRS p-value GRS p-value
CAPM 3.930 0.003 2.589 0.001
FF3 2.947 0.017 1.908 0.022
FFM4 2.480 0.039 1.740 0.043
FF5 1.787 0.125 1.411 0.142
univariate-sorting, RET(—1,—6) double-sorting, RET(—1,—6)
GRS p-value GRS p-value
CAPM 3.372 0.008 2.578 0.001
FF3 2.835 0.021 1.976 0.017
FFM4 1.985 0.090 1.464 0.117
FF5 1.856 0.112 1.445 0.126
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Figure 1
Fraction of Dividend Payers

The figure shows the times series of the percentage of stocks that pay cash dividends in a quarter. The
black line is for all stocks listed on NYSE, AMEX and NASDAQ. The blue line is for stocks listed on the
three stock exchanges with exchange-traded options. The sample period is from the first quarter of 1996
to the fourth quarter of 2017.
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Figure 2

Predictability of Option-Implied Dividends: Apple Inc.

The figures show average dividend implied from prices of options written on stocks of Apple Inc. around
the dividend initiation in 2012 and the dividend increase in 2013. Figure 2(a) plots weekly average
dividend implied from options which expire on July 20*" 2012 (the blue line) and on October 19" 2012
(the black line) of weeks before and after the company publicly stated its intention to initiate quarterly
dividends on March 19** 2012. Figure 2(b) plots daily average dividend implied from options which expire
on July 19*" 2013 on days before and after the company announced to increase its quarterly dividend
from $2.65 to $3.05 per share on April 23" 2013.
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Figure 3

Predictability of Option-Implied Dividends: General Motors Company

The figures show average dividend implied from prices of options written on stocks of General Motors
Company around the dividend cut in 2006 and the dividend omission in 2008. Figure 3(a) plots daily
average dividend implied from options which expire on March 17" 2006 on days before and after the
company announced on February 7" that it would reduce quarterly dividends by half from $0.5 to $0.25
per share. Figure 3(b) plots daily average dividend implied from options which expire on September 9"
2008 on days before and after the company announced on July 15" that it would suspend cash dividends.
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Figure 4

Prices and Realizations of Aggregate Dividend Strip

The figure shows the prices of the aggregate dividend strip at the end of each quarter (the black line)
and realized aggregate dividends in the next quarter (the blue line). The two shaded areas cover two
NBER recession periods. The first recession period is from the first quarter of 2000 to the third quarter
of 2000. The second recession period is from the fourth quarter of 2007 to the second quarter of 2009.
The sample period is from 1996 to 2017.

196



Figures

0.15¢ 0.15¢
017 . 0.1} .
o & 005} ‘ o & 005} '
0 0
0% 05 ‘ 0 005 01 015 0005 ' 0 005 01 015
E,[,,], CAPM E,[*,,] FF2
0.15; 0.15;
01¢ ’ 0.1t '
o & 005 . o & 005 .
0 0
00805 ’ 0 005 01 015 00805 0 005 01 015
E,[r*,,], FFM4 E,[r*,,], FFS
Figure 5

Cross-sectional Fit: Average Realized Excess Return and Expected Excess
Return of Quintile Portfolios Sorted by DP

The figure shows the scatter plot of average excess return of portfolios of dividend strips in quarter ¢+ 1,
f"q’H, against expected quarterly excess returns according to the CAPM, the FF3, the FFM4 and the FF5.

Dividend strips are sorted into quintile portfolios by DP at the end of a quarter g. The line represents
the 45 degree line. The sample period is from January 1996 to December 2017.
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Figure 6

Cross-sectional Fit: Average Realized Excess Return and Expected Excess
Return of 25 Portfolios Sorted by PIH and DP

The figure shows the scatter plot of average excess return of portfolios of dividend strips in quarter g+ 1,
fg 1, against expected quarterly excess returns according to the CAPM, the FF3, the FFM4 and the
FF5. Dividend strips are first sorted into quintile portfolios by PIH and then within each PIH group are
sorted into quintile portfolios by DP at the end of a quarter ¢. The line represents the 45 degree line.
The sample period is from January 1996 to December 2017.
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