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ABSTRACT
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I. Results for Additional Option Maturities

Tables 1A-I-1A-VIII present results complementary to Tables Il - X in thain body of the text.
The latter cover the three- and 12-month maturities, while in this document \péesugnt these results
with two additional maturities: the one- and six-month maturities. Details and disousfsthe tables

in the main paper can be found in its Section Il. All tables reported here follevgame methodology.

Table IA-I presents descriptive statistics for risk-neutral moment-sqrtetiolios using options
closest to one and six months to maturity to calculate volatility, skewness, atasisurTable 1A-1I
presents multi-way sorts on volatility, skewness, and kurtosis. In the thagesorts on volatility, skew-
ness, and kurtosis, some portfolios do not have firms in the three-wagdantem for some months.
Specifically, the low skew, low volatility, low kurtosis portfolios for both maturitées not have ob-
servations for July through December 2003. As a result, we reportsifeathis portfolio over the

available months.

Table IA-Ill presents results of risk adjustments using the Fama and lr(@983) three-factor
model for these option maturity moments whereas Table IA-1V addsdk®Pand Stambaugh (2003)
liquidity factor. Table IA-V provides descriptive statistics for co-momentesbportfolios, and in Table
IA-VI we adjust for Fama and French (1993) three factor risk in thesenoment-sorted portfolios.
Tables IA-VII and IA-VIII provide complements to the main paper’s Tableand VI, which report the

idiosyncratic portion of the moments.

Il. Robustness Checks

As discussed in the main body of the text, we analyze the robustness of ourasalts to alter-
native screens on the options data used to calculate risk-neutral momepisititular, we examine
the sensitivity of the results to four criteria. The first is that we impose nonveltequirement on
the options included in our analysis. The second criterion imposes a highehtid on the price of
options excluded from the analysis, requiring that option prices be grbate $1. The third requires

a lower threshold on option prices, excluding any options with prices leasothaqual to $0.25. The



final robustness check requires a greater number of both put anuptiaths out of the money (OTM)

for inclusion in the analysis.

Results of the first robustness check are presented in Table IA-IXhésn in the table, the results
of our sorting procedure are largely unchanged. Across all fotiompnaturity horizons (one month,
three months, six months, and 12 months), the patterns in average returaisthoge shown in the
main body of results. Firms with low risk-neutral volatility, skewness, andiosis earn high average
returns relative to their high risk-neutral volatility, high skewness, ank kigtosis counterparts. These
returns are robust to characteristic adjustment. The magnitude of avetagespreads across terciles
is somewhat smaller than for firms with volume screens imposed, particularky abéhmonth horizon.

Nevertheless, the qualitative conclusions of the main text are robust to orwitfiinge screens.

In Table IA-X, we increase the minimum option price considered to be validnrcalculation
and to be $1. We present summary statistics for portfolios formed on rigkah&olatility, skewness,
and kurtosis, when options are closest to one, three, six, and 12 momtfasgudty. Again, as shown
in the table, the broad conclusions of the main body of the text are préselrigh volatility, skew
and, kurtosis firms have average returns that are below those of lotilitsglskew and, kurtosis firms,
respectively. These results are further corroborated in Table |AwKére we reduce the price screen

and require that options have prices greater than $0.25 to be includedanalysis.

In Table IA-XII, we require three OTM puts and three OTM calls in ordar &n option to be
included in the calculation of volatility, skewness, and kurtosis. This saeetmasts to the main body
of the text, in which we require only two OTM puts and two OTM calls. As showthétable, results
are again qualitatively unchanged. There are volatility and skewnessidisahigh volatility and high
skewness firms earn lower average returns than their low volatility and lewrsdss counterparts), and
a kurtosis premium. The results suggest that the findings documented in thbadgiof the paper are
robust to alternative criteria for determining a minimum price for options to Haded or a minimum

number of OTM contracts.

[ll. Alternative Specifications of the Stochastic Discount Facto



In this section, we analyze the extent to which the relations between Higiaémoments and
subsequent returns are due to investors seeking compensation fer tigmomentisk, rather than
idiosyncratic moments. We perform a series of tests; in each succeedingdetecrease the restric-
tions placed on the stochastic discount factor. Our main focus is to testeviibthrelation between

higher moments and subsequent risk-adjusted returns persists.
A. Adjusting for Co-Moment Risk

We test whether the returns related to the total moments presented in the prawidion can be
traced to co-moments. Specifically, we regress the returns of total momdialipe on the returns of

co-moment portfolios. We estimate

rie (T) = ati + Bicvreve + Bicsest (T) + Bickrekt (T) + i, (1)

whererj (1) is the High-Low moment portfolio constructed by taking the timeturn of thet-maturity
option highest tercile moment portfolio in excess of the lowest tercile mometfofoy rcyv:(T) is

the return of the-maturity option highest tercile covariance portfolio in excess of the lowesitde
return,rcs:(T) is the return of tha-maturity option highest tercile co-skewness portfolio in excess of
the lowest tercile return, an@ +(T) is the return of the-maturity option highest tercile co-kurtosis
portfolio in excess of the lowest tercile return. Details of the co-momentgmrt€onstruction are

discussed in Section Ill of the main paper. Results of these regress@sisavn in Table IA-XIII.

As shown in Table IA-XIlI, the index and co-moment portfolios explain motlhe time-series
variation in the returns on volatility-sorted portfolios. TR&s from the regressions exceed 70% for
all four maturities, and the slope coefficients are all precisely estimatedreBlaéis suggest that the
volatility returns load positively on the covariance and coskewness mimickirtfppos, but negatively
on co-kurtosis. However, the portfolios retain substantial returns iessxof that explained by the co-
moments. The intercepts are economically and statistically large, ranging-f@8rbasis points to

—90 basis points Thus, the table suggests that while co-moment adjustmemiptain enuch of the



time series variation in the return on volatility-sorted portfolios, it fails to captiueeaverage return

associated with these portfolios.

Similar to the Fama and French (1993) three-factor regressions in Taldé the main paper,
the co-moment factors are much less successful in capturing time serigovain the returns on
skewness, and kurtosis-sorted portfolios. The intercepts remainmamaity and statistically large. In
the case of skewness, these intercepts range from -79 basis poities éore-month maturity returns to
-104 basis points for the six-month maturity returns. Intercepts for the dartmrted portfolios range
from 72 basis points for the one-month maturity returns to 113 basis poirtisef@ix-month maturity

returns.

Overall, we note that while risk-neutral co-moments, constructed fromggesfactor model, do
have some association with returns, portfolios sorted on total moments leeaiaghat do not appear
to be related to these co-moment returns. Of course, this may be due to tlre wiaigh we measure
sources of co-moment risk. In the subsequent subsections, we ammatygressively less restrictive
measures of co-moment risk to investigate whether these total moments areatirfaatable to co-

movement with some source of aggregate risk.
B. Parametric Stochastic Discount Factors with Higher Moments

In the previous subsection, we attempted to form portfolios that capture tiries s@riation in
co-moment risk to isolate sources of total moment risk from co-moment risthidrsubsection, we
follow an approach that similarly assumes that risk premia arise due to eggosaicommon discount
factor. However, we relax the functional form of this relationship andnideire of the risk premia.
Specifically, we start from the observation that, under the law of one,ptieee exists a stochastic

discount factor (SDF (1) that satisfies the Euler equation

B [Me (T)rie (1)] =0, (2)

wherer; is an excess return for assetUnder a correctly specified SDF, this relation will hold exactly,

implying that the payoff to assétis determined by the covariance of the payoff with the SDF. In



contrast, if this condition does not hold, the implication is that payoffs to thet aasnot be described
by covariance with the SDF; in our context, where assets are moment-portéalios, the failure of
equation (2) suggests that idiosyncratic moments are associated with rettensfter controlling for

co-moments with the SDF.

Of course, inferences about the importance of idiosyncratic momentglatee to a particular
specification of the SDF. Failure of the Euler equation condition to hold magsept the importance of
idiosyncratic risk or misspecification of the SDFs. In the next three stibescwe use several methods
to estimate SDFs that allow for higher co-moments to influence required refitirase methods differ
in the details of specific factor proxies, the number of higher co-momentseadiand the construction
of the SDF. However, the goal in each case is to estimate the relation betviegmatatic moments

and residual returns, after adjusting for risk.

We begin by considering a parametric SDF that incorporates informatiarn hlgher moments of
the SDF, and consequently adjusts for co-moment risk with the SDF. Ingartielarvey and Siddique
(2000) and Dittmar (2002) examine polynomial SDFs that account fokemsess, and co-kurtosis

risk, respectively. These SDFs are nested in the polynomial specification

Me (1) = do +da (R (1)) + d2 (R{ (1)) + d (R{ (1)) (3)

whereRy (1) is thet-period return on a traded portfolio that captures the relevant risks isite We

now discuss various approaches to this formulation of the SDF.

B.1 The S&P 500 Index

Our first test uses the S&P 500 as the tangency portfolio in estimkinging equation (3). While
numerous studies document violations of the CAPM, evidence in supgugloér co-moment CAPMs
is stronger. For example, Harvey and Siddique (2000) investigate aritibis quadratic in the return
on the market portfolio, consistent with a three-moment CAPM. Dittmar (2082stigates an SDF

that is cubic in the return on the market, consistent with a four-moment CAPRh. fudies document



empirical evidence suggesting that higher-moment CAPMs improve uportahdasd two-moment

CAPM.!

The parameters in equation (3) are estimated via GMM using the sample montgatioes

. 1]
& = ft;ﬁt ()M; — 1n) = 0, 4)

whereR (1) is a 10x 1 vector of gross returns comprising three portfolios sorted-praturity risk-
neutral volatility, three portfolios sorted ammaturity risk-neutral skewness, three portfolios sorted
on t-maturity risk-neutral kurtosis, and a Treasury bill return. We includerifiefree return since
Dahlquist and 8derlind (1999) show that failing to do so can result in an SDF that impliesvaward-
sloping capital market line. We examine three versions of the polynomial DH he first is linear
(d2 = d3 = 0), accounting for covariance with the tangency portfolio, the secondadratic (I3 = 0),

accounting for co-skewness, and the unrestricted version accaumis-kurtosis.

In Table 1A-XIV, Panels A through D, we report the parameter estimatsgatistic of overidenti-
fying restrictions, and point estimates of the excess returns (pricingsinaplied by the SDF for the
High-Low moment portfolio returns. In addition, we present Newey-\gemtdard errors go-values
for the J-statistic in parentheses. Panel A presents results for the moment-sortiediggobased on
one-month maturity options; Panels B to D present complementary resultstion®pased on three,
six, and 12 months to maturity. In all cases, we use data over the periodlAp6lIthrough December
2005 for 117 monthly observations. The results in Panels A and B supgést shorter maturities, the
candidate models cannot be rejected at conventional significance IeM®igver, examination of the
standard errors of the parameter estimates suggest that this failure tagefere likely attributable
to lack of power than fit of the model. With the exception of the intercept tenmofehe parameter
estimates are statistically different than zero at conventional Iévelsther, at the longer-horizon ma-
turities shown in Panels B, C, and D, the specifications are formally rejetteéeg 40% significance
level. One positive result is that the point estimates correspond with ecoroguiments about co-
moment preference; negative signs on the coefficidptand d; suggest aversion to covariance and

co-kurtosis, whereas the positive signdnsuggests preference for co-skewness.



More importantly, the point estimates of the excess returns on High-Low volatgkgwness-, and
kurtosis-sorted portfolios are large in magnitude. Excess returnsggvela?, -72, and 86 basis points
per month across specifications and maturities for the volatility-sorted, slssagorted, and kurtosis-
sorted High-Low portfolios, respectively. The precision of the erk@ndes greatly, and tends to be

greater with longer-maturity (six-month and 12-month option) moment-sortefb(ios.

In summary, the evidence suggests that the payoffs to higher moment-sortiedigs cannot be
traced to higher co-moments with respect to a value-weighted market pityle the statistical
magnitude of the pricing errors is not consistent across all specificatioeseconomic magnitude
of the pricing errors is large. Relative to the risks associated with returd@S&P 500 tangency

portfolio, the returns to the moment-sorted High-Low portfolios appear toibsyidcratic.

B.2 Industry Tangency Portfolio

Our second investigation of the systematic and idiosyncratic components pédybés to higher
moment-sorted portfolios estimates the parameters of an SDF polynomial in thesretuthe tangency
portfolio constructed by a set of basis assets. Our choice to use thig isroxotivated by several
considerations. First, we focus on a tangency portfolio as it correcitgpthe assets included in
its formation by construction. As discussed in Hansen and Jagannat®@n)(there is a one-to-
one correspondence under the law of one price between this tangerttylip and the minimum
variance SDF that correctly prices assets. Second, as mentioned altbwagh the CAPM suggests
that the value-weighted market is the tangency portfolio, a large body afieaigvidence suggests
that this hypothesis is violated. King (1966) and Ahn, Conrad and Dittm&9(2€uggest that industry
portfolios represent a reasonable basis for asset pricing, as sortimglustries tends to maximize
within-portfolio covariation and minimize across-portfolio covariation. Copsatly, we use a set of
14 industry portfolios to form our tangency portfolio. Descriptions of théustry indices and the

tangency portfolio are presented in Table IA-XVII.

Table 1A-XV, Panels A to D contains results from estimating the polynomial tsmué3) using the

industry tangency portfolio to estimatg via GMM. As shown in the table, the results are qualitatively
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unchanged from those estimated using the S&P 500 index. There is a slighdy tandency to reject
the overidentifying restrictions of the model, as indicated by the relatively siailalues of the tests
compared to those in Panels A to D. However, as in the previous table, ifumg feo reject seems
likely to be due to lack of power, as suggested by the large standard efrthie point estimates of
the parameters. We cannot reject the null hypothesis that the paranmetsigréficantly different than

zero at conventional levels for any of the specifications.

It should finally be noted that the point estimates of pricing errors in Pantisodgh H remain
large. The average excess return on the High-Low volatility portfolio g&rem -98 to -189 basis
points per month depending on maturity, comparable to that estimated using teewsfhted market
portfolio. Similar results for skewness portfolios indicate average exedsss varying between -21
and -63 basis points, whereas average excess returns for kugosd- portfolios range from 14 to
70 basis points. Several of these estimates are statistically different éanatzthe 10% level. Thus,
similar to our conclusion for the value-weighted market portfolio, we corecthdt relative to the risks
present in the industry tangency portfolio, the returns to moment-sortezh@xtn portfolios appear to

be idiosyncratic.
C. Non-Parametric Stochastic Discount Factors with Higher Moments

In the preceding sections, we estimate the parameters of polynomial SDEdifénent proxies
for the tangency portfolios, and examine whether these discount faialsd explain the returns on
moment-sorted portfolios. The evidence suggests that they cannot, indittedtrihe returns related to
these moments appear to be idiosyncratic to the risks embodied in the returnyegriplthe SDFs.
In this section, we pursue a more nonparametric approach for investigiatr8DF using the relation

between the risk-neutral and physical densities of a candidate asset.

The no-arbitrage condition in asset pricing suggests that the risk-haatigphysical probability

measures are related by the equation

Mi(s, T)R(S) = exp(rT) Qi(s), (5)



whereM;(s, 1) is thet-period SDF at time, contingent on stats, R (s) is the physical probability of
states occurring at time, andQ; (s) is the risk-neutral probability of stateoccurring at time. Given

an estimate of the physical and risk-neutral probabilities, this equation implies

M (s, T) = exp(rt) Qi(s)/R(s)- (6)

Researchers have used this relation in several ways. It is possible testdctions oM, combined
with estimates of the risk-neutral distributi@) to generate an estimate of the physical distribuBon
For example, Bliss and Panagirtzoglou (2004) assume that investoregittasepower or exponential
utility functions and estimate the risk-neutral distribution of the FTSE100 andb8&Rsing options
data in order to generate an estimate of the subjective probability distributibae ohderlying indexes.
They provide evidence that these subjective distributions are betteakiezs of the underlying index
returns. Alternatively, it is possible to combine estimates of the physical distibgenerated from
a time-series of returns, with estimates of the risk-neutral distribution irféroen option prices, and
use equation (6) to infer something about the SWH-or example, Jackwerth (2000) anitSahalia

and Lo (2000) employ this approach to estimate empirical risk-aversiotidasc

We take a slightly different approach. Specifically, we follow Erikssomnysgls and Wang (2009)
and use a Normal Inverse Gaussian (NIG) approximation to generastianate of both the subjective
and the risk-neutral probability distributions of the market portfolio. We thé® information and
equation (6) to computil. The particular appeal to this approach is that the densities are charedter
entirely by the first four moments of the distribution. Hence, given estimatéseaiean, variance,
skewness, and kurtosis, we can characterize assets’ conditios#lernmportantly, the authors show
that this method is particularly well suited when the distribution exhibits skewaesisfat tails, as it

does in the returns distributions that we examine.

Since the results in the preceding subsection are little affected by our ditieachmark portfolio,
for convenience we focus on the SDF implied by the S&P 500. This choicesallswo easily compute
the risk-neutral moments of the benchmark: options on this index are headgdy and we can

compute these moments analogously to the procedure employed in Sectiothidl m&in paper for



individual assets. This contrasts with alternative SDFs, such as thosedrbplithe industry index
tangency portfolio or the Fama and French (1993) factors, for whitiorep are not traded on the

combination of the assets that generate the tangency portfolio.

The Bakshi, Kapadia and Madan (2003) procedure provides a dfaighrd approach for the
computation of risk-neutral moments; computation of conditional physical morisesisnewhat more
problematic. While procedures exist for estimating conditional varianogogoetric work surround-
ing the estimation of conditional skewness, and kurtosis is lacking. We follolwderth (2000) and use
four years of daily data through the first date of our option sample periedtimate sample variance,

skewness, and kurtosis.

Finally, to estimate the conditional physical mean of the mapketve follow Jackwerth (2000)
and add a risk premium of 8% to the risk-free rate observed atttir@nce physical and risk-neutral
distributions are estimated using the NIG method,ttperiod SDFM (1), is computed as in equation

(6) by taking the risk-free discounted ratio of the risk-neutral to physiissribution.

The time series average of SDF functions is depicted in Figure 1A.l. In adddithe SDF obtained
using the NIG approximation to the density, we also present averagedsf@iained by fitting linear,
guadratic, and cubic functions of the S&P 500 return support to the Nffoajmation each period.
The figure shows that the linear and quadratic SDFs are downward gldpioughout their range,
consistent with decreasing risk aversion over all levels of wealth. Itrasinthe NIG SDF and, to a
lesser extent the cubic SDF, are upward-sloping over some portion stiggort. In particular, the
NIG SDF has a segment in the mid-range of the graph that is increasirgiston with the evidence

in Jackwerth (2000)) and Brown and Jackwerth (2001).

While the NIG class is versatile (e.g., as Eriksson, Ghysels and Forst@dg)(note, its domain
is much wider than Gram-Charlier or Edgeworth expansions), there are sestrictions on its use.
In particular, the parameters of the NIG approximation may become imagindrgoatie distribution
cannot be computed. This constraint does not arise in the case of #méd-2-month to maturity

options, and arises in only one month for the 6-month maturity options. Howgngrcondition is
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frequently violated in the case of one-month to maturity options. As a resultpmeute SDFs using

only three-, six-, and 12-month-maturity options.

In Table IA-XVI, we report estimates of alphas (pricing errors) of themant-sorted portfolios
implied by the Euler equation calculated from each of the SDFs estimated aisovg options closest
to three, six, and 12 months to maturity. In general, across all specificagpi@tssion of the estimates
is quite poor; despite this, the results suggest that regardless of thicspien of the SDF, the sign
and the economic magnitudes of the alphas across volatility-, skewnedsyrosis-sorted portfolios

after risk-adjustment remain similar to those observed in Table 1A-II.

In all, the results of this section appear to corroborate the findings fromréueding sections.
There is little evidence to suggest that the payoffs of moment-sorted posténiéorelated to system-
atic exposure to a SDF. It is important to note, however, that our resultetdoecessarily imply that
the alpha, or residual return, is an arbitrage profit. Related to the possdfiltymisspecified SDF,
the estimates of the SDF used to constaucbntrol only for non-diversifiable risk (including the risk
of higher co-moments) in the context of a well diversified portfolio andstmes with homogeneous
beliefs. For example, if investors have a preference for individualrittees’ skewness, as in Brunner-
meier, Gollier and Parker (2007), or have heterogeneous beliefs dwin-8o, Ghysels and Renault
(2010), they may hold concentrated portfolios and push up the pricecafises that are perceived
to have a higher probability of an extremely good outcome. As a conseguthieclower subsequent

returns of high-skew stocks may represent an equilibrium result.

IV. Simulation study

To conclude we report the results of a simulation study that compares the dnathyposed by

Xing, Zhang and Zhao (2010) based on the slope of the implied volatility smile witmeasure of

skewness. We do this for a setting in which we know the closed-form sofutibthe conditional
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skewness as well as option prices. In particular. we look at the MSEewirsiss estimators based on

the Heston model. We specify

dY = (r—2W)dt+vVidw!
d = K(6—W)dt+opMdW!+0v/1— p2/MdW2,

whereW?, W2 are two independent Brownian motions. The values of the structurahesess we use

arer =5%, k =1.62 6 =0.04, 0 = 0.44, andp = —0.76. These parameter values are taken fflom

The density function ofy conditional on the information up to tinte f (y;t, T, X ), can be derived
from the conditional characteristic function using the inverse Fouriesfioam; consequently, we can
compute the population conditional skewness by taking the third derivdtilie oharacteristic function
with respect tau. Specifically, for anyu € C, the conditional characteristic function of the log price

over some horizoit —t, E(e"7|x), is
W(u;t, T,%) =exp(P1(u, T —t) +Wa(u, T —t)v +uw),

wherex; = (v, ) and

e P1(u,T) =rut—«0 (%F’Préln [1— %b(l—e‘w)D ;

1_e W
* (U = o (e

with b = opu—k, a=u(1—u), andy = vb? + ac? (see?).
The population conditional skewness we calculate is then compared withliheifg estimators:

1. The Bakshi, Kapadia and Madan (2003) formulas appearing in thermip of the main paper
taking discrete sum approximations similar to those applied to the sample data.eWemes
calls with moneyness of.8 and 095 and symmetrically chosen puts, giving us a total of four

contracts to compute the discrete approximations.

2. The difference in the implied volatility of an ATM call and OTM put. We take moress to be
0.8 and 095 in the simulation study. This corresponds to the method used by Xing, Zmahg

12



Zhao (2010), and it also matches our choice of discrete points in the B&legiadia and Madan
(2003) formulas.

We report the results in the table appearing below. In Panel A, the simulatierstarted withyg
= 6.9 andVp = 0.026. In Panel B, the simulations are run with the same starting values butghe fir
1,000 observations are dropped. We examine skewness estimatorsdekenthree different option
maturities. For each maturity, we conduct 500 simulations, with the sample siie 5@0 days for
each simulation. The table below reports the mean squared errors of thectiméitional skewness
estimators: (1) our option-based estimator using the formulas appearingAppeadix of the main
paper, and (2) the two implied volatility smile slope-based estimates with moneyn@8sawfd 095.

Bakshietal. Xingetal. Xingetal.
M=0.8 M=0.95

Days to maturity

Panel A
10 013698 073807 078318
35 001003 133844 147169
60 003374 171996 186358
Panel B
10 016302 075779 080260
35 001096 134114 147360
60 003498 170975 185193

The mean squared error results in the above table tell us that the randisenedization procedure,
which we use in our paper, yield fairly accurate estimates of the conditiGealress, and that the
approach of Xing, Zhang and Zhao (2010), which estimates skewie$aw points on the implied
volatility curve, is relatively noisy in comparison. The mean squared ertgpisally five to six times

larger at the short maturity and even larger as maturities increase.
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Table 1A.1
Descriptive Statistics: Risk Neutral Moment Portfolios

Panels A and B present summary statistics for portfolios sorted on mesasfifirms’ risk-neutral moments. Firms are
sorted on average risk-neutral volatility, skewness, and kurtosis witigh ealendar quarter into terciles based off'30
and 76N percentiles. We then form equally weighted portfolios of these firms, hpltia moment ranking constant for
the subsequent calendar quarter. Risk-neutral moments are calousiig the procedure in Bakshi, Kapadia and Madan
(2003); in Panel A we report results using options closest to one monttatority, and in Panel B results with options
closest to six months to maturity. The first column of each panel presw#s monthly returns. The second column presents
characteristic-adjusted returns, calculated by determining, for eachtfie Fama and French (1993) 5X5 size- and book-
to-market portfolio to which it belongs and subtracting that return. Th theee columns present the average individual
firm’s risk-neutral volatility, skewness, and kurtosis of the stocks in tréfgio for the portfolio formation period. The final
three columns display the beta, log market value, and book-to-marykéy eatio of the portfolio. The final row of the table
presents-statistics of the null hypothesis that the difference in the third and firsteene zero. Monthly return data cover
the period April 1996 through December 2005, for a total of 117 morghbervations.

Panel A: One Month to Maturity

\olatility
Mean Char-Adj
Tercile  Return Return \ol Skew Kurt Beta In MV B/M
1 1.281 0.365 16.450 -1.582 13.603 0.887 15.928 0.347
2 0.994 0.099 26.365 -1.360 11.208 1.388 14.637 0.337
3 0.856 0.134  46.337 -1.531 7.830 1.860 14.003 0.379
3-1 -0.425 -0.231  29.887 0.051 -5.773 0.973 -1.924 0.032
t(3-1) -0.529 -0.364 46.074 0.716 -7.163 26.080 -29.044 73.23
Skewness
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 1.356 0.459 28.017 -3.165 18.310 1.252 15.629 0.325
2 0.992 0.203 30.682 -1.292 7.173 1.431 14.696 0.353
3 0.788 -0.097  28.999 -0.042 8.542 1.385 14.239 0.381
3-1 -0.568 -0.556 0.983 3.123 -9.768 0.133 -1.391 0.056
t(3-1) -1.426 -1.386 2.685 35.478 -7.754 5.027 -32.009 9.056
Kurtosis
Mean Char-Adj
Tercile  Return Return \ol Skew Kurt Beta In MV B/M
1 0.744 -0.082 35.731 -0.525 2.962 1.505 13.929 0.407
2 1.062 0.227 28.846 -1.250 7.363 1.391 14.770 0.345
3 1.304 0.417 23.749 -2.736  23.619 1.190 15.829 0.312
3-1 0.560 0.498 -11.982 -2.211  20.658 -0.315 1.900 -0.096
t(3-1) 1.646 1.575 -22.691 -24.737 16.283 -11.449 55.486 .2741

Table continued on next page...
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Panel B: Six Months to Maturity

\olatility
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 1.287 0.353 15.667 -1.687 16.592 0.917 15.947 0.340
2 0.886 0.052 25.156 -1.492 10.134 1.380 14.654 0.334
3 0.997 0.219 44.579 -1.522 8.491 1.833 13.963 0.391
3-1 -0.290 -0.135 28.912 0.165 -8.102 0.917 -1.983 0.051
t(3-1) -0.389 -0.231  45.589 2.280 -6.920 26.151 -30.090 .99
Skewness
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 1.283 0.383 26.131 -3.340 19.055 1.271 15.652 0.318
2 0.973 0.165 29.563 -1.352 7.738 1.427 14.693 0.353
3 0.885 0.042 28.216 -0.057 9.248 1.368 14.219 0.389
3-1 -0.398 -0.341 2.086 3.283 -9.807 0.097 -1.433 0.070
t(3-1) -1.013 -0.904 6.552 35.630 -7.110 3.767 -33.819 1H.82
Kurtosis
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 0.952 0.167 34.978 -0.602 2.111 1.485 13.925 0.417
2 0.969 0.148 27.454 -1.311 7.899 1.374 14.750 0.343
3 1.220 0.299 22.202 -2.850 25.964 1.229 15.862 0.305
3-1 0.268 0.132 -12.775 -2.248 23.854 -0.256 1.937 -0.112
t(3-1) 0.847 0.442 -24.625 -24.446 17.192 -9.523 53.065 25IB.
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Table IA.II
Risk Neutral Moment Double- and Triple-Sorted Portfolios

The table presents the results of multi-way sorts on risk-neutral momé&etsrxdependently sort firms into tercile portfolios
based on volatility, skewness, and kurtosis, and then form portfolioseomtérsection of volatility and either skewness or
kurtosis. For each of the nine portfolios formed, we report the aeechgubsequent returns. The results from sorting on
volatility and skewness, for one-month and six-month options, are tegpor Panel A, the results from sorting on volatil-
ity and kurtosis are reported in Panel B. We present results from saingedians of volatility, skewness, and kurtosis

independently in Panel C. In Panels A and B, the number of firms in eatfolio are reported in parentheses below the
returns.

Panel A: Volatility-Skewness Sorts

One Month to Maturity Six Months to Maturity
S1 S2 S3 S1 S2 S3
V1l 1197 1.253 0.979 Vi 1296 1.190 1.082
N (53) (32) (32) N (55) (37) (30)

V2 1147 1413 0.723 V2 0916 0.810 0.841
N (33) (26) (34) N (33) (24) (35)

V3 1313 0463 0.634 V3 1.440 0.743 0.793
N (36) (30) (26) N (34) (31) (27)

Panel B: Volatility-Kurtosis Sorts

One Month to Maturity Six Months to Maturity
K1 K2 K3 K1 K2 K3
vi 1179 1.016 1.319 Vi 1234 0976 1.379
N (33) (38) (52) N (31) (37) (54)

V2 0972 0.801 1.354 V2 0954 0406 1.045
N @37 (29) (27) N (38 (29) (26)

V3 0661 1.135 0671 V3 0.845 1.147 0.836
N (53 (26) (13) N  (54) (26) (12)

Panel C: Volatility-Skewness-Kurtosis Sorts
One Month to Maturity
V1S1K1 VI1S1K2 V1S2K1 VI1S2K2 V2S1K1 V2S1K2 V2S2K1 V2S2K2
Mean 1.385 1.241 1.348 0.789 0.853 1.097 0.562 0.487
N 8 (72) (50) (24) (26) (47) (69) 11)

Six Months to Maturity
V1S1K1 VI1S1K2 V1S2K1 V1S2K2 V2S1K1 V2S1K2 V2S2K1 V2S2K2
Mean 0.268 1.191 1.319 0.756 1.048 1.195 0.641 0.410
N @ (74) (48) (23) (25) (46) (72) 11)
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Table IA.III
Fama and French Factor Risk Adjustment: Risk Neutral Moment-Sorted Portfolios

The table presents the results of time series regressions of excessdiffarentials (High-Low) between portfolios ranked
on risk-neutral volatility, skewness, and kurtosis on the three Famaramdt(1993) factors MRP (the return on the value-
weighted market portfolio in excess of a one-month T-Bill), SMB (the diffice in returns on a portfolio of small capital-
ization and large capitalization stocks), and HML (the difference in retama portfolio of high and low book equity to
market equity stocks). The moment-sorted portfolios are equally weigfdemed on the basis of terciles and re-formed
each quarter. The table presents point estimates of the coefficientstatidtics. In Panel A, we use options closest to Three
Months to maturity to calculate risk-neutral moments; 12 month options & insPanel B. Data cover the period April
1996 through December 2005 for 117 monthly observations.

Panel A: One Month to Maturity

\olatility
Rank a  PBmrp Bsmp  PumL  Adj. R?
1 0.555 0.755 -0.461 -0.197 0.833
2.941 18.150 -10.208 -3.668
2 0.551 0.952 -0.390 -0.874 0.868
1.845 14.475 -5.465 -10.276
3 0.147 1.353 -0.208 -1.131 0.892

0.380 15.836  -2.239 -10.241

3-1 -0.408 0.598 0.253  -0.933 0.776
-0.982 6.528 2.549 -7.888

Skewness
Rank a  PBure Bsme  PBumL Adj. R?
1 0.853 0.836 -0.243 -0.710 0.762
2.290 10.184 -2.723 -6.688
2 0.503 1.019 -0.392 -0.898 0.903
1.894 17.401 -6.165 -11.873
3 -0.081 1.184 -0.424 -0.587 0.905

-0.324  21.465 -7.088 -8.237

3-1 -0.934 0.347 -0.182 0.123 0.109
-2.280 3.843 -1.851 1.053

Kurtosis
Rank a  PBure Bsme  PBumL Ad. R?
1 -0.127 1.209 -0.300 -0.678 0.904
-0.466 20.067 -4.581 -8.700
2 0.550 1.023 -0.424 -0.858 0.910
2.216 18.717 -7.152 -12.138
3 0.834 0.804 -0.323 -0.673 0.800

2.688 11.762 -4.356 -7.617

3-1 0.961 -0.405 -0.024 0.005 0.367
3.254 -6.221  -0.335 0.054

Table continued on next page ...
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Panel B: Six Months to Maturity

\olatility
Rank o Puwre  Psme  PumL  Adj. R?
1 0.635 0.748 -0.458 -0.289 0.823
3.091 16.518 -9.324 -4.941
2 0.499 0.953 -0.468 -0.913 0.875
1.716 14.868 -6.733 -11.021
3 0.139 1.360 -0.106 -0.987 0.894
0.373 16.529 -1.184 -9.283
3-1 -0.496 0.612 0.353 -0.698 0.759
-1.239 6.936 3.684 -6.123
Skewness
Rank a  PBurp  BsmB  BumL R?
1 0.867 0.830 -0.293 -0.794 0.778
2.358 10.243 -3.331 -7.581
2 0.445 1.047 -0.446 -0.857 0.896
1.636 17.476 -6.852 -11.068
3 -0.017 1.152 -0.302 -0.558 0.907
-0.070 21.286 -5.143 -7.986
3-1 -0.884 0.322 -0.009 0.236 0.076
-2.145 3.541 -0.092 2.007
Kurtosis
Rank a PBwrp  Bsme  BHMmL R
1 -0.033 1.194 -0.204 -0.550 0.902
0126 20507 -3.226  -7.304
2 0.483 1.027 -0.473 -0.874 0.901
1.844 17.797 -7.543 -11.723
3 0.829 0.815 -0.355 -0.779 0.811
2.589 11.542 -4.633 -8.542
3-1 0.862 -0.380 -0.151 -0.229 0.279
2.941 -5.875 -2.152 -2.746
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Table 1A.IV
Fama and French and Liquidity Factor Risk Adjustment: Risk Neutral Moment-Sorted
Portfolios

The table presents the results of time series regressions of excessdifferentials (High-Low) between portfolios ranked
on risk-neutral volatility, skewness, and kurtosis on the three Famaramdt-(1993) factors MRP (the return on the value-
weighted market portfolio in excess of a one-month T-Bill), SMB (the diffiee in returns on a portfolio of small capital-
ization and large capitalization stocks), and HML (the difference in retama portfolio of high and low book equity to
market equity stocks). We also include thesBor and Stambaugh (2003) liquidity factor, LIQ. The moment-sortetfiotios

are equally weighted, formed on the basis of terciles and re-formddaqaater. The table presents point estimates of the
coefficients and t-statistics. In Panel A, we use options closest to Onthstmmaturity to calculate risk-neutral moments;
3, 6, and 12 month options are used in Panels B-D. Data cover the paridd 896 through December 2005 for 117 monthly
observations.

Panel A: One Month to Maturity

\olatility
Rank a PBurp  Bsm  BHML BLig R
1 -0.593 1.391 -0.224 0.282 0.181 0.570
-1.146 10.332 -1.712 1.603 1.251
2 -1.036 1.660 0.157 -0.197 0.204 0.642
-1.647 10.142 0.990 -0.920 1.160
3 -1.229 2.067 0.701 -0.220 0.136 0.694

-1.652 10.680 3.730 -0.869 0.653

3-1 -0.636 0.675 0.925 -0.502 -0.045 0.787
-1.745 7.129 10.046 -4.051 -0.442

Skewness
Rank a PBuwrp  BsmB  Bumr  Buo R
1 -0.545 1.545 0.141 -0.267 0.211 0.718
-1.075 11.718 1.102 -1.550 1.495
2 -1.018 1.761 0.183 -0.121 0.171 0.636
-1.548 10.294 1.103 -0.540 0.932
3 -1.301 1.778 0.301 0.225 0.150 0.559

-1.802 9.465 1.651 0918 0.745

3-1 -0.756  0.233 0.160 0.493 -0.061 0.077
-1.894  2.242 1587 3.628 -0.551

Kurtosis
Rank a PBurp  Bsme  BHML BLig R
1 -1.302 1.802 0.450 0.167 0.194 0.634
-1.981 10.536 2.713 0.746 1.056
2 -0.982 1.756 0.144 -0.110 0.138 0.616
-1.454 9.991 0.845 -0.480 0.733
3 -0.593 1.527 0.044 -0.223 0.212 0.676

-1.105 10.946 0.322 -1.221 1.419

3-1 0.710 -0.274 -0.407 -0.390 0.019 0.248
2446 -3.636 -5.552 -3.948 0.230

Table continued on next page ...
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Panel B: Three Months to Maturity

\olatility
Rank a PBuwrp  PBsme  BrmL  Bug R
1 -0.606 1.385 -0.237 0.383 0.142 0.544
-1.147 10.083 -1.81 2.134 0.960
2 -0.951 1.645 0.214 -0.187 0.214 0.659
-1.569 10.435 1.401 -0.909 1.263
3 -1.333 2.092 0.638 -0.333 0.161 0.695
-1.748 10.547 3.311 -1.285 0.758
3-1 -0.727 0.707 0.875 -0.716 0.020 0.812
-1.972 7.369 9.390 -5.708 0.193
Skewness
Rank a PBurp  Bsme  BHMmL BLig R
1 -0.510 1.543 0.216 -0.171 0.178 0.727
-1.053 12.240 1.764 -1.036 1.318
2 -0.964 1.716 0.194 -0.195 0.196 0.623
-1.426 9.746 1.135 -0.848 1.040
3 -1.406 1.840 0.212 0.229 0.149 0.572
-1.961 9.869 1.171 0.941 0.745
3-1 -0.895 0.297 -0.004 0.400 -0.292 0.075
-2.231 2.282 -0.037 2.907 -0.259
Kurtosis
Rank a PBurp  Bsme  BHMmL BLig R?
1 -1.453 1.875 0.395 0.097 0.145 0.638
-2.145 10.633 2.309 0.420 0.765
2 -0.912 1.721 0.168 -0.133 0.187 0.616
-1.354 9.819 0.985 -0.580 0.996
3 -0.535 1.501 0.067 -0.122 0.196 0.680
-1.054 11.361 0.524 -0.708 1.380
3-1 0.918 -0.374 -0.328 -0.219 0.051 0.264
2975 -4.659 -4.208 -2.087 0.590

Table continued on next page ...
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Panel C: Six Months to Maturity

\olatility
Rank a PBuwrp  PBsme  BrmL  Buo R?
1 -0.520 1.363 -0.246 0.309 0.166 0.549
-0.992 9.989 -1.860 1.734 1.136
2 -0.945 1.658 0.202 -0.115 0.186 0.646
-1.546 10.432 1.307 -0.554 1.093
3 -1.427 2.097 0.664 -0.357 0.174 0.699
-1.864 10.528 3.435 -1.369 0.813
3-1 -0.906 0.734 0.911 -0.666 0.008 0.797
-2.336 7.272 9.293 -5.047 0.069
Skewness
Rank a Burp  Bsme  BHMmL BLig R
1 -0.432 1.534 0.208 -0.212 0.222 0.711
-0.847 11.554 1.610 -1.221 1.559
2 -0.990 1.731 0.200 -0.090 0.143 0.630
-1.524 10.241 1.220 -0.408 0.789
3 -1.449 1.828 0.212 0.129 0.177 0.577
-1.999 9.695 1.156 0.525 0.874
3-1 -1.017 0.295 0.004 0.341 -0.045 0.054
-2.522 2.809 0.041 2.487 -0.400
Kurtosis
Rank a Burp  Bsme  BHMmL BLig R
1 -1.611 1.886 0.371 0.110 0.178 0.630
-2.335 10.501 2.126 0.470 0.926
2 -0.812 1.716 0.170 -0.097 0.132 0.623
-1.248 10.130 1.034 -0.437 0.728
3 -0.513 1.498 0.089 -0.184 0.236 0.671
-0.965 10.821 0.664 -1.016 1.586
3-1 1.098 -0.388 -0.281 -0.294 0.057 0.198
3.333 -4.527 -3.382 -2.625 0.621
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Panel D: 12 Months to Maturity

\olatility
Rank o  PBmrp  Bswe  Bumr  Buo R
1 -0.543 1.386 -0.216 0.326 0.176 0.553
-1.028 10.081 -1.620 1.813 1.196
2 -0.969 1.675 0.210 -0.101 0.165 0.652
-1.599 10.621 1.371 -0.491 0.974
3 -1.371 2.052 0.623 -0.392 0.193 0.692

1790 10.301 3.221 -1.504 0.901

3-1 -0.827 -666 0839 -0718 0.016 0.789
-2.165 6.699 8.693 -5.521 0.153

Skewness
Rank a Burp  Bsme  BHMmL BLig R
1 -0.439 1.534 0.190 -0.217 0.240 0.711
-0.861 11.555 1.471 -1.250 1.686
2 -0.929 1.718 0.206 -0.074 0.141 0.628
-1.439 10.234 1.265 -0.337 0.785
3 -1.526 1.845 0.222 0.113 0.161 0.578

-2.083 9.686 1.198 0.453 0.788

3-1 -1.086 0.312 0.032 0.300 -0.079 0.048
-2.647 29120 0.310 2.362 -0.691

Kurtosis
Rank a  PBwrp  Bsme  BrumL  Buog R
1 -1.599 1.891 0.373 0.082 0.186 0.632
-2.299 10.446 2.125 0.347 0.960
2 -0.841 1.731 0.155 -0.059 0.117 0.621
-1.295 10.244 0.943 -0.268 0.643
3 -0.489 1.472 0.107 -0.205 0.249 0.671

-0.921 1662 0.799 -1.138 1.678

3-1 1110 -0.418 -0.266 -0.288 0.062 0.203
3.271 -4736 -3.107 -2.490 0.657
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Table 1AV
Descriptive Statistics: Risk Neutral Co-moment Portfolios

Panels A and B present summary statistics for portfolios sorted on nesasfifirms’ risk-neutral moments. Firms are sorted
on average risk-neutral covariance, co-skewness, and coslaisithin each calendar quarter into terciles based dh 30

and 76N percentiles. We then form equally weighted portfolios of these firms, hpltia moment ranking constant for
the subsequent calendar quarter. The co-moments are calculatgditminsk-neutral moments and risk-neutral moments

A _ 2
on the S&P 500 index. Specifically, we calculate the co-momenGRSAR? = %N ('“(S-‘/K')+cr(\fﬁ5+°'5° )T> Bi = by,

. In these expression§; is the stock price on

COSKEW? = biSKEWR, (1) %0 coRURTR = by - KURELD

datet, Ci; is the call price K| is the strike pricer is the risk-free rated is the dividend yield, ang; is the Dimson beta
calculated over the past 250 trading days. The subsuripfers to the S&P 500 index. Risk-neutral moments are calculated
using the procedure in Bakshi, Kapadia and Madan (2003); in Pane feport results using options closest to one month
to maturity, and in Panel B results with options closest to six months to matuffig.fiflst column of each panel presents
mean monthly returns. The second column presents characteristgteatifeturns, calculated by determining, for each firm,
the Fama and French (1993) 5X5 size- and book-to-market portfolitnich it belongs and subtracting that return. The next
three columns present the average risk-neutral volatility, skewnedsuatosis of the portfolio for the portfolio formation
period. The final three columns display the beta, log market value, @vidto-market equity ratio of the portfolio. Monthly

return data cover the period April 1996 through December 2005, timahof 117 monthly observations.

Panel A: One Month to Maturity

Covariance
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 0.892 0.263  27.303 -1.192 13.039 1.378 14.727 0.317
2 0.872 0.039 27.901 -1.398 9.258 1.351 14.801 0.344
3 1.255 0.214 32.632 -1.988 10.892 1.419 15.284 0.370
3-1 0.363 -0.050 5.329 -0.796  -2.147 0.040 0.557 0.053
t(3-1) 0.842 -0.127 6.131 -10.630 -2.176 1.141 5,596 6.107
Coskewness
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 1.140 0.051 24.578 -1.966 11.993 1.167 15,585 0.361
2 1.040 0.294  30.523 -1.433 9.094 1.430 14.772 0.345
3 0.782 0.072 31.839 -1.169 12.147 1.535 14.459 0.324
3-1 -0.358 0.021 7.261 0.796 0.154 0.368 -1.126  -0.037
t(3-1) -0.716 0.051 14.927 10.877 0.158 14.767 -10.467 74.66
Cokurtosis
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 0.930 0.185 37.079 -1.199 10.131 1.669 14.306 0.335
2 0.877 0.122  29.695 -1.440 10.245 1.435 14.728 0.344
3 1.204 0.171  20.464 -1.926 12.463 1.038 15.789 0.352
31 0.274 -0.014 -16.616 -0.727 2.332 -0.631 1.483 0.017
t(3-1) 0.462 -0.029 -34.253 -10.659 3.457 -20.624 14.611 812.0

Table continued on next page...
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Panel B: Six Months to Maturity

Covariance
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 0.665 -0.057 28.193 -1.296 12.999 1.596 14.363 0.303
2 1.021 0.252 27.467 -1.450 9.878 1.427 14.714 0.336
3 1.282 0.223 27.857 -2.118 12.475 1.128 15.750 0.393
3-1 0.617 0.280 -0.336  -0.823 -0.524 -0.468 1.387 0.089
t(3-1) 0.984 0.561 -0.421 -9.338 -0.426 -19.209 15.391 ®.79
Co-skewness
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 1.309 0.263 24.091 -2.112 13.193 1.031 15.892 0.373
2 1.037 0.234 28.478 -1.478 9.864 1.446 14.694 0.346
3 0.617 -0.071 30.595 -1.266 12.285 1.678 14.245 0.311
3-1 -0.691 -0.334 6.504 0.845 -0.908 0.648 -1.647 -0.063
t(3-1) -1.062 -0.642 11.751 9.724 -0.747 26.973 -18.374 7®.4
Co-kurtosis
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 0.747 0.040 33.062 -1.266 11.774 1.753 14.163 0.316
2 0.963 0.122 28.960 -1.474 9.861 1.456 14.695 0.349
3 1.274 0.299 20.993 -2.114 13.720 0.954 15.971 0.364
3-1 0.526 0.259 -12.069 -0.848 1.945 -0.799 1.808 0.048
t(3-1) 0.719 0.446 -32.640 -9.969 1.591 -29.149 20.184 6.466
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Table IA.VI
Fama and French Factor Risk Adjustment: Risk Neutral Co-momen-Sorted Portfolios

The table presents the results of time series regressions of excessdiffarentials (High-Low) between portfolios ranked
on risk-neutral covariance, co-skewness, and co-kurtosis on the Bama and French (1993) factors MRP (the return on
the value-weighted market portfolio in excess of a one-month T-Bill), SMB difference in returns on a portfolio of small
capitalization and large capitalization stocks), and HML (the differencetms on a portfolio of high and low book equity to
market equity stocks). The co-moments are calculated using firm eisical moments and risk-neutral moments on the S&P

. . 2
500 index. Specifically, we calculate the co-moment€ @y AR = %N ('”(Si/K')*G(\rﬁMQSG )T) B = b, COSKEW =
bSKEV\& CVARR() ,COKURT? =y M . In these expresssion§ is the stock price on dateCi; is the

NARR (1) VAR (T)VARY, (T

call price,K; is the strike pricer, is the risk-free rate) is the dividend yield, anf; is the Dimson beta calculated over the past
250 trading days. The subscriptrefers to the S&P 500 index. The moment-sorted portfolios are equaighvesl, formed

on the basis of terciles and re-formed each quarter. The table pres@mtestimates of the coefficients and t-statistics. In
Panel A, we use options closest to Three Months to maturity to calculateeigkal moments; 12 month options are used in
Panel B. Data cover the period April 1996 through December 20051férmonthly observations.

One Month to Maturity

Covariance
Rank o PBwmre Psme  PBumL  Adj. R?
1 0.355 1.116 -0.366 -1.044 0.898
1.142 16.301 -4.929 -11.807
2 0.496 0.942 -0.366 -0.906 0.868
1.634 14.088 -5.044 -10.480
3 0.355 0.986 -0.380 -0.309 0.792

1.196 15.084 -5.348 -3.655
3-1 0.000 -0.129 -0.013 0.736 0.509
0.001 -1.509 -0.143 6.632

Coskewness
Rank o PBuwre  Psme  PumL  Ad. R?
1 0.317 0.893 -0.416 -0.238 0.778
1.178 15.042 -6.450 -3.096
2 0.634 1.003 -0.409 -0.909 0.872
2.069 14838 -5.582 -10.405
3 0.201 1.128 -0.272 -1.110 0.898

0.613 15590 -3.459 -11.877
3-1 -0.116  0.235 0.144 -0.873 0.675
-0.306 2.815 1.590 -8.094

Cokurtosis
Rank o PBuwre  PBsme  PumL  Adj. R?
1 0.194 1.200 -0.215 -1.155 0.899
0.556 15577 -2571 -11.605
2 0.500 1.001 -0.459 -0.875 0.876
1.704 15.467 -6.536 -10.458
3 0.503 0.823 -0.406 -0.239 0.736

1.793 13.307 -6.044  -2.985
3-1 0.309 -0.377 -0.191 0.917 0.734
0.797 -4.417 -2.060 8.313

Table continued on next page...
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Six Months to Maturity

Covariance
Rank o PBwrp  Bswe  PumL  Adj. R?
1 0.332 1.127 -0.354 -1.246 0.880
0.890 13.693 -3.968 -11.718
2 0.500 0.964 -0.295 -0.895 0.861
1.562 13.672 -3.859 -9.819
3 0.372 0.946 -0.485 -0.121 0.852
1.790 20.672 -9.766 -2.054
31 0.039 -0.181 -0.131 1.125 0.729
0.101 -2.114 -1.407 10.174
Coskewness
Rank o PBuwrp  Psme  PumL  Adj. R?
1 0.402 0.863 -0.485 -0.122 0.834
1.974 19.207 -9.940 -2.102
2 0.561 1.003 -0.349 -0.913 0.869
1.772 14372 -4.610 -10.120
3 0.218 1.157 -0.283 -1.221 0.877
0.563 13.553 -3.052 -11.067
3-1 -0.184 0.294 0.202 -1.099 0.744
-0.453 3.272 2.072 -9.467
Cokurtosis
Rank o Puwre  Psme  PumL  Adj. R?
1 0.274 1.219 -0.272 -1.233 0.900
0.766 15.456 -3.173 -12.098
2 0.465 0.984 -0.349 -0.889 0.864
1.479 14.187 -4.630 -9.914
3 0.472 0.827 -0.497 -0.143 0.798
2.120 16.828 -9.320 -2.247
3-1 0.198 -0.393 -0.225 1.091 0.799
0.533 -4.789 -2.529 10.290
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Table IA.VII
Descriptive Statistics: Risk Neutral Idiosyncratic Moment Portfolios

Panels A and B present summary statistics for portfolios sorted on nesasfifirms’ risk-neutral moments. Firms are
sorted on average risk-neutral idiosyncratic volatility, skewness, amtbdis within each calendar quarter into terciles
based on 3 and 74" percentiles. ldiosyncratic moments are calculated by regressing daityaéss of each firm’s to-
tal moment on measures of the risk-neutral co-moment within a calendater: 97 = K} + Kficovmrﬁ +3% SS =

kg + K COSKEWE + 5, and 3 = kg + k3 COKURT] +{/%. The average unexplained portion of the momexis, k¥,
andkgﬁ-, are used as the measure of idiosyncratic moments. We then form egealyted portfolios of these firms, holding
the moment ranking constant for the subsequent calendar quadiem@&utral moments are calculated using the procedure in
Bakshi, Kapadia and Madan (2003); in Panel A we report results agitigns closest to one month to maturity, and in Panel
B results with options closest to six months to maturity. The first column df paoel presents mean monthly returns. The
second column presents characteristic-adjusted returns, calculadetebmining, for each firm, the Fama and French (1993)
5X5 size- and book-to-market portfolio to which it belongs and subtrgdhat return. The next three columns present the
average risk-neutral volatility, skewness, and kurtosis of the stock®ipdttfolio for the portfolio formation period. The
final three columns display the beta, log market value, and book-tkanaquity ratio of the portfolio. Monthly return data
cover the period April 1996 through December 2005, for a total ofrhdrthly observations.

Panel A: One Month to Maturity

Idiosyncratic Volatility

Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 1.168 0.195 17.813 -1.809 14.468 0.904 16.063 0.348
2 1.097 0.297 26.327 -1.386  11.173 1.390 14.739 0.329
3 0.674 -0.081  44.220 -1.389 6.888 1.894 14.009 0.359
3-1 -0.494 -0.276  26.407 0.420 -7.580 0.990 -2.054 0.011
t(3-1) -0.575 -0.416  47.942 7.653 -11.778 25.883 -28.092 15.2
Idiosyncratic Skewness
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 1.431 0.541 27.711 -2.966 17.194 1.275 15.699 0.318
2 0.824 0.056 30.426 -1.367 7.696 1.456 14.773 0.339
3 0.779 -0.102  28.841 -0.259 8.819 1.378 14.349 0.377
3-1 -0.652 -0.643 1.131 2.707 -8.375 0.103 -1.350 0.059
t(3-1) -1.567 -1.577 3.209 45.279 -8.197 4,131 -33.327 8.773
Idiosyncratic Kurtosis
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 0.735 -0.128  35.810 -0.714 4.004 1.543 14.028 0.388
2 0.926 0.164 28.484 -1.331 7.888 1.391 14.834 0.335
3 1.337 0.444  23.355 -2.556  21.740 1.201 15,925 0.313
3-1 0.602 0.572 -12.455 -1.842  17.737 -0.342 1.897 -0.075
t(3-1) 1.482 1.700 -23.825 -28.533 17.114 -13.024 53.150 449.

Table continued on next page...
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Panel B: Six Months to Maturity

Idiosyncratic Volatility

Mean Char-Adj
Tercile  Return Return \ol Skew Kurt Beta In MV B/M
1 1.198 0.211  15.858 -1.786 16.850 0.905 16.061 0.336
2 0.901 0.129 25.069 -1.559 10.539 1.403 14.753 0.327
3 0.905 0.140 43.391 -1.481 7.732 1.868 13.994 0.374
3-1 -0.293 -0.071  27.533 0.305 -9.118 0.964 -2.067 0.039
t(3-1) -0.373 -0.117  46.368 6.009 -9.735 26.124 -27.514 N.44
Idiosyncratic Skewness
Mean Char-Adj
Tercile  Return Return \ol Skew Kurt Beta In MV B/M
1 1.242 0.313 25.574 -3.227 18.434 1.287 15.719 0.312
2 0.968 0.218 29.101 -1.435 8.391 1.456 14.772 0.339
3 0.775 -0.069 28.282 -0.209 9.025 1.363 14.326 0.382
3-1 -0.467 -0.382 2.708 3.018 -9.409 0.076 -1.393 0.070
t(3-1) -1.134 -0.961 9.136 41.162 -7.734 3.108 -30.343 9.522
Idiosyncratic Kurtosis
Mean Char-Adj
Tercile Return Return \ol Skew Kurt Beta In MV B/M
1 0.892 0.096 34.789 -0.705 2.390 1.521 14.008 0.405
2 0.864 0.098 27.060 -1.421 8.520 1.373 14.851 0.330
3 1.264 0.336  21.815 -2.747 24.869 1.244 15.921 0.304
3-1 0.372 0.240 -12.975 -2.042 22.479 -0.277 1.913 -0.101
t(3-1) 1.007 0.715 -25.373 -28.240 17.507 -10.928 49.085 .34111

30



Table IA.VIII
Fama and French Factor Risk Adjustment: Risk Neutral Idiosyncratic Moment-Sorted
Portfolios

The table presents the results of time series regressions of excensliffarentials (High-Low) between portfolios ranked on
idiosyncratic risk-neutral volatility, skewness, and kurtosis on the thaseaFand French (1993) factors MRP (the return on
the value-weighted market portfolio in excess of a one-month T-Bill), SMB difference in returns on a portfolio of small
capitalization and large capitalization stocks), and HML (the differencetimns on a portfolio of high and low book equity
to market equity stocks). Idiosyncratic moments are calculated byssiggedaily estimates of each firm’s total moment on
measures of the risk-neutral co-moment within a calendar quarter:

q/iff =Ky +KfiCOVAﬁ% +4

59 = K§ +K{ COSKEWR + 25,
% = kg +K3 COKURT] +%

We take the average unexplained portion of the mommﬁts,K()‘i, andKf)?, and use these as the measure of idiosyncratic
moments. Moment-sorted portfolios are equally weighted, formed onasie bf terciles and re-formed each quarter. The
table presents point estimates of the coefficients and t-statistics. In Paneluse options closest to One Month to maturity
to calculate risk-neutral moments; Six Month options are used in Panelt@.dover the period April 1996 through December
2005 for 117 monthly observations.

One Month to Maturity

Idiosyncratic Volatility

Tercile a  PBure Bsme  PBumL Adj. R?

1 0.576 0.788 -0.487 -0.238 0.835
2.895 17.962 -10.236 -4.197

2 0.524 0.956 -0.400 -0.842 0.872
1.817 15.043 -5.803 -10.257

3 0.092 1.295 -0.212 -1.199 0.873
0.216 13.881 -2.089 -9.944

3-1 -0.485 0.507 0.276 -0.961 0.732

-1.068 5.073 2.541 -7.439

Idiosyncratic Skewness

Tercile a  PBure Bsme  PBrmL  Adj. R?
1 0.891 0.824 -0.294 -0.754 0.762
2.389 10.021 -3.298 -7.097
2 0.441 1.009 -0.333 -0.831 0.910
1.780 18.468 -5.621 -11.772
3 -0.108 1.188 -0.495 -0.698 0.897
-0.398 19.786 -7.589 -8.993
3-1 -1.000 0.364 -0.200 0.056 0.146

-2.569 4.244 -2.151 0.509

Idiosyncratic Kurtosis

Tercile a  Bure Bsme  PBumL Ad. R?

1 -0.285 1.272 -0.394 -0.729 0.897
-0.960 19.438 -5.550 -8.617

2 0.571 0.973 -0.367 -0.823 0.897
2.213 17.107 -5.946 -11.194

3 0.892 0.788 -0.351 -0.736 0.809
2.895 11.607 -4,758 -8.387

3-1 1.177 -0.484 0.044 -0.007 0.377
3.638 -6.793’“ 0.565 -0.075

ol

Table continued on next page.



Six Months to Maturity

Idiosyncratic Volatility

Tercile o  PBwre  Bswe  PuamL  Adj. R

1 0.595 0.743 -0.469 -0.230 0.818
2971 16.838 -9.792 -4.027

2 0.489 0.981 -0.415 -0.857 0.883
1.741 15.857 -6.176 -10.727

3 0.120 1.307 -0.211 -1.188 0.857
0.264 13.067 -1.945 -9.188

3-1 -0.475 0.565 0.258 -0.958 0.717
-0.983 5.304 2.228 -6.965

Idiosyncratic Skewness

Tercile o PBuwre  Psme  PumL  Adj. R?

1 0.905 0.827 -0.261 -0.755 0.758
2.369 9.822 -2.855 -6.932

2 0.406 1.023 -0.334 -0.840 0.900
1522 17.399 -5.238 -11.058

3 -0.075 1.166 -0.527 -0.686 0.897
-0.284 19.938 -8.293 -9.071

3-1 -0.981 0.339 -0.265 0.069 0.121
-2.334 3.657 -2.640 0.577

Idiosyncratic Kurtosis

Tercile o Puwre Psme  PumL  Adj. R?

1 -0.217 1.276 -0.430 -0.699 0.897
-0.744 19.815 -6.145 -8.403

2 0.517 0.977 -0.374 -0.844 0.895
1.968 16.858 -5.941 -11.263

3 0.896 0.779 -0.307 -0.738 0.790
2.732 10.771 -3.908 -7.900

3-1 1.114 -0.497 0.123 -0.039 0.330
3.272 -6.629 1.509 -0.400
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Table 1A.IX
Descriptive Statistics: Risk Neutral Moment Portfolios without Volume Screens

We present summary statistics for portfolios sorted on measures of fisk-neutral moments. Firms are sorted on average
risk-neutral volatility, skewness, and kurtosis within each calendateyuiato terciles based on 8band 74" percentiles.
We then form equally weighted portfolios of these firms, holding the momaaTking constant for the subsequent calendar
quarter. Risk-neutral moments are calculated using the procedurekghiB&apadia and Madan (2003); in Panels A-D
we report results using options closest to one month to maturity, threengixl2 months to maturity. In calculating option
moments, we do not require options to exhibit any volume over the calaula¢idod. The first column of each panel presents
mean monthly returns. The second column presents characteristteatljeturns, calculated by determining, for each firm,
the Fama and French (1993) 5X5 size- and book-to-market portfolitnich it belongs and subtracting that return. The next
three columns present the average individual firm’s risk-neuttatility, skewness, and kurtosis across the portfolio for the
portfolio formation period. The final three columns display the beta, lodketaalue, and book-to-market equity ratio of the
portfolio. Monthly return data cover the period April 1996 through Deleen2005, for a total of 117 monthly observations.

Panel A: One Month to Maturity

\olatility
Rank Mean Char Adj Vol  Skew Kurt Beta InMV BM
Return Return
1 1.22 0.27 1649 -152 1138 0.89 1571 0.37
2 0.98 0.14 25.78 -1.04 750 1.28 1431 0.39
3 0.87 0.15 4484 -1.14 5.33 1.78 13.61 042
Skewness
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.23 0.38 26.47 -2.65 1503 125 1537 0.34
2 0.88 0.07 30.37 -1.03 578 135 1438 0.40
3 0.99 0.15 28.74 -0.03 3.97 127 13.86 0.44
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.07 0.11 34.0 -0.35 224 135 1369 0.46
2 0.93 0.15 28.72 -1.00 581 1.32 1437 0.39
3 1.15 0.32 2262 -237 16.71 122 1555 0.32

Table continued on next page...
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Panel B: Three Months to Maturity
\olatility
Rank Mean Char Adj Vol  Skew Kurt Beta InMV BM
Return Return
1 1.22 0.25 1757 -1.33 9.39 084 1568 0.38
2 1.08 0.21 27.27 -1.00 6.93 129 1430 0.39
3 0.74 0.06 46.75 -1.15 531 1.83 13.64 0.40
Skewness
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.27 040 2929 -252 1320 124 1534 0.35
2 0.93 0.12 31.43 -0.7 531 135 1441 0.39
3 0.88 0.05 2948 -005 366 129 1386 043
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.92 0.06 35.37 -0.33 218 137 13.68 0.45
2 0.89 0.08 30.26 -0.94 538 1.33 1438 0.39
3 1.28 0.44 2497 -224 1458 1.18 1554 0.34

Table continued on next page ...
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Panel C: Six Months to Maturity

\olatility
Rank Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.21 0.23 19.23 -08 557 0.82 15.62 0.40
2 1.14 0.28 2946 -065 456 129 1433 0.39
3 0.66 -0.01 4862 -0.73 364 186 13.66 0.39
Skewness
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.37 050 3239 -173 810 122 1535 0.38
2 0.85 0.00 3151 -059 345 130 1448 0.39
3 0.88 0.12 3273 0.07 258 137 1375 041
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.92 0.10 36.13 -0.18 171 138 13.70 0.43
2 0.91 0.07 3246 -058 346 136 14.39 0.39
3 1.26 043 2773 -150 896 114 1552 0.36

Table continued on next page ...
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Panel D: 12 Months to Maturity

\olatility
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.24 0.23 1984 -084 540 082 1546 0.40
2 1.06 0.20 30.36 -068 464 129 1435 0.39
3 0.74 0.09 50.78 -080 3.77 185 13.81 0.38
Skewness
Rank Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.35 050 34.74 -184 842 121 15.42 0.38
2 0.85 0.00 3232 -059 333 131 1443 0.39
3 0.90 0.11 3328 0.07 251 138 1374 0.41
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.90 0.06 36.49 -0.17 1.67 140 1371 0.43
2 0.90 0.08 3376 -057 335 136 1436 0.39
3 1.30 045 2960 -161 9.23 112 1555 0.36
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Table IA.X
Descriptive Statistics: Risk Neutral Moment Portfolios with Alternative Price Screen

Table 1A-X presents summary statistics for portfolios sorted on measfrirms’ risk-neutral moments. Firms are sorted
on average risk-neutral volatility, skewness, and kurtosis within edelmaar quarter into terciles based orfBand 74"
percentiles. We then form equally weighted portfolios of these firms, hpttie moment ranking constant for the subsequent
calendar quarter. Risk-neutral moments are calculated using thedprede Bakshi, Kapadia and Madan (2003); in Panels A-
D we report results using options closest to one month to maturity, thre@nslXi2 months to maturity. In calculating option
moments, we delete observations with prices less than $1. The first cofieanh panel presents mean monthly returns. The
second column presents characteristic-adjusted returns, calculadetebmining, for each firm, the Fama and French (1993)
5X5 size- and book-to-market portfolio to which it belongs and subtrgdhat return. The next three columns present the
average individual firm’s risk-neutral volatility, skewness, and laig@across the portfolio for the portfolio formation period.
The final three columns display the beta, log market value, and booiatket equity ratio of the portfolio. Monthly return
data cover the period April 1996 through December 2005, for a tothl 3fmonthly observations.

Panel A: One Month to Maturity

\olatility
Rank Mean Char Adj Vol  Skew Kurt Beta InMV BM
Return Return
1 1.23 0.30 1841 -1.43 9.06 091 1583 0.35
2 0.94 0.12 29.11 -1.15 728 134 1451 0.34
3 0.89 0.25 48.68 -1.11 6.85 1.82 13.81 0.37
Skewness
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.28 0.40 29.83 -2.64 1267 127 1560 0.32
2 0.85 0.08 3351 -1.08 521 139 1457 0.36
3 0.96 0.21 31.40 0.00 6.01 1.34 13.97 0.39
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.00 0.21 37.29 -0.33 203 141 1379 041
2 0.91 0.13 31.94 -1.05 530 136 1460 0.35
3 1.16 0.35 26.04 -233 1651 124 1574 0.31

Table continued on next page...
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Panel B: Three Months to Maturity

\olatility
Rank Mean Char Adj Vol  Skew Kurt Beta InMV BM
Return Return
1 1.20 0.26 19.22 -1.33 8.00 0.87 1583 0.36
2 1.05 0.21 30.29 -1.12 6.68 135 1448 0.35
3 0.77 0.16 50.11 -1.18 492 186 1385 0.36
Skewness
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.30 046 3198 -259 1180 126 1560 0.32
2 0.88 0.07 3444 -1.06 494 139 1458 0.35
3 0.89 0.16 31.82 -0.00 345 136 1396 0.39
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.93 0.14 37.67 -0.33 200 143 13.78 0.40
2 0.88 0.10 33.05 -1.02 508 1.38 1459 0.35
3 1.27 0.44 28.00 -231 13.05 121 1575 0.32

Table continued on next page...
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Panel C: Six Months to Maturity

\olatility
Rank Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.24 0.28 20.30 -091 5.17 0.85 1580 0.37
2 1.09 0.27 3174 -075 468 135 1449 0.35
3 0.68 0.04 50.71 -080 363 189 13.86 0.35
Skewness
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.32 045 3432 -188 7.73 123 1563 0.34
2 0.88 0.04 3365 -069 347 137 1462 0.35
3 0.89 0.21 3414 008 269 142 13.87 0.38
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.88 0.14 3760 -020 165 144 13.81 0.38
2 0.89 0.09 3434 -066 353 139 1456 0.35
3 1.31 046 2993 -164 8.70 118 1576 0.34

Table continued on next page...
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Panel D: 12 Months to Maturity

\olatility
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.28 0.30 2099 -0.88 494 086 1565 0.37
2 0.94 0.11 3282 -0.77 469 136 1446 0.35
3 0.84 0.25 5346 -089 375 186 14.06 0.34
Skewness
Rank Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.32 049 3713 -198 795 122 1570 0.34
2 0.87 0.07 3481 -068 330 137 1458 0.35
3 0.89 0.22 3468 010 260 143 1385 0.38
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.92 0.18 3826 -0.19 159 146 1381 0.38
2 0.85 0.05 3586 -064 336 140 1453 0.35
3 1.32 0.47 3214 -174 888 115 1581 0.34
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Table IA.XI
Descriptive Statistics: Risk Neutral Moment Portfolios with Alternative Price Screen 2

Table 1A-XI presents summary statistics for portfolios sorted on measafrfirms’ risk-neutral moments. Firms are sorted
on average risk-neutral volatility, skewness, and kurtosis within edelmdar quarter into terciles based orfBand 76h
percentiles. We then form equally weighted portfolios of these firms, hpttie moment ranking constant for the subsequent
calendar quarter. Risk-neutral moments are calculated using thelprede Bakshi, Kapadia and Madan (2003); in Panels A-
D we report results using options closest to one month to maturity, thre@ngiXl2 months to maturity. In calculating option
moments, we delete observations with prices less than $0.25. The firstrcof each panel presents mean monthly returns.
The second column presents characteristic-adjusted returns, caldojatietermining, for each firm, the Fama and French
(1993) 5X5 size- and book-to-market portfolio to which it belongs aratracting that return. The next three columns present
the average individual firm’s risk-neutral volatility, skewness, anddais across the portfolio for the portfolio formation
period. The final three columns display the beta, log market value, @oidtio-market equity ratio of the portfolio. Monthly
return data cover the period April 1996 through December 2005, timahof 117 monthly observations.

Panel A: One Month to Maturity

\olatility
Rank Mean Char Adj Vol  Skew Kurt Beta InMV BM
Return Return
1 1.18 0.23 1445 -156 1440 088 1563 0.38
2 1.04 0.19 2261 -1.04 872 124 1423 042
3 0.86 0.11 4048 -1.19 6.10 1.77 13.47 0.46
Skewness
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.27 040 2391 -268 18.22 127 15.16 0.37
2 0.89 0.06 26.81 -1.04 6.95 132 1430 042
3 0.96 0.12 2540 -0.08 464 121 1386 0.46
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.03 0.15 3146 -041 267 131 13.66 0.49
2 0.93 0.09 2555 -1.03 6.82 1.30 1427 042
3 1.15 0.34 1954 -236 2037 121 1541 0.34

Table continued on next page...
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Panel B: Three Months to Maturity
\olatility
Rank Mean Char Adj Vol  Skew Kurt Beta InMV BM
Return Return
1 1.19 0.20 1592 -1.27 10.76 0.81 1557 0.40
2 1.15 0.27 2462 -0.98 772 124 1424 042
3 0.70 -0.01 4311 -1.14 575 184 1350 0.43
Skewness
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.29 039 2737 -242 1472 125 1511 0.39
2 0.97 0.14 28.26 -0.93 594 132 1434 042
3 0.85 0.01 2680 -0.05 416 124 1386 0.45
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.84 -0.01 3242 -0.37 250 135 13.65 0.48
2 0.99 0.16 27.76 -0.93 589 1.32 1429 0.42
3 1.26 0.39 2242 -210 1644 115 15.38 0.36

Table continued on next page...
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Panel C: Six Months to Maturity

\olatility
Rank Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.22 0.22 1810 -0.83 6.18 0.79 1548 042
2 1.15 0.29 2770 -061 473 124 1430 042
3 0.67 -0.03 46.46 -0.70 3.75 188 1352 041
Skewness
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.29 039 3092 -163 867 123 1515 041
2 0.97 0.11 2944 -055 3.62 127 1440 041
3 0.84 0.06 31.32 003 274 133 13.73 044
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.94 0.13 3416 -019 184 135 13.68 0.45
2 0.92 062 31.09 -056 358 134 1432 041
3 1.25 0.39 2589 -141 963 112 1530 0.39

Table continued on next page...
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Panel D: 12 Months to Maturity

\olatility
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.24 0.21 1861 -0.81 6.06 0.80 15.34 042
2 1.13 0.26 2852 -0.65 488 124 1431 0.42
3 0.68 0.00 48.14 -0.76 393 187 1365 041
Skewness
Rank Mean Char Adj Vol  Skew Kurt Beta InMV BM
Return Return
1 1.28 0.39 3262 -1.74 9.13 122 1522 041
2 0.97 0.12 30.19 -0.55 352 127 1436 042
3 0.85 0.06 31.92 0.03 268 134 1371 043
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.88 0.08 34.61 -0.18 180 136 13.69 0.45
2 0.96 0.09 32.00 -0.55 349 135 1429 042
3 1.26 041 2751 -152 10.04 111 1534 0.39
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Table IA.XII
Descriptive Statistics: Risk Neutral Moment Portfolios with Requirement of More OTM Options

In Table 1A-XIl we present summary statistics for portfolios sorted aasures of firms’ risk-neutral moments. Firms are
sorted on average risk-neutral volatility, skewness, and kurtosis witigh ealendar quarter into terciles based of30
and 76N percentiles. We then form equally weighted portfolios of these firms, hgplthi@ moment ranking constant for the
subsequent calendar quarter. Risk-neutral moments are calcusaigdhe procedure in Bakshi, Kapadia and Madan (2003);
in Panels A to D we report results using options closest to one month to mathrég, six, and 12 months to maturity. In
calculating option moments, we require at least three out of the monéyPits and three out of the money calls. The first
column of each panel presents mean monthly returns. The secomdrcphesents characteristic-adjusted returns, calculated
by determining, for each firm, the Fama and French (1993) 5X5 simebaok-to-market portfolio to which it belongs and
subtracting that return. The next three columns present the avemdigieliral firm'’s risk-neutral volatility, skewness, and
kurtosis across the portfolio for the portfolio formation period. The fthatée columns display the beta, log market value,
and book-to-market equity ratio of the portfolio. Monthly return data cdiwe period April 1996 through December 2005,
for a total of 117 monthly observations.

Panel A: One Month to Maturity

\olatility
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.20 0.33 18.75 -1.33 9.74 097 16.15 0.33
2 0.81 0.01 29.60 -1.35 784 141 1503 0.31
3 0.85 0.17 50.27 -1.23 549 189 1424 0.34
Skewness
Rank Mean Char Adj Vol  Skew Kurt Beta InMV BM
Return Return
1 1.28 045 3206 -273 1396 135 1592 0.30
2 0.84 0.04 33.33 -1.13 5.73 1.48 15.03 0.32
3 0.74 0.02 3197 -0.12 411 139 1451 0.35
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.89 0.14 38.15 -0.44 255 153 1429 0.35
2 0.84 0.06 3215 -1.11 579 144 15.04 0.32
3 1.13 0.31 2747 -243 1542 127 16.12 0.30

Table continued on next page...
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Panel B: Three Months to Maturity
\olatility
Rank Mean Char Adj Vol  Skew Kurt Beta InMV BM
Return Return
1 1.13 0.23 19.61 -1.20 8.48 094 16.18 0.33
2 0.96 0.14 30.93 -1.28 7.42 142 1501 031
3 0.73 0.07 5142 -1.22 5.38 1.93 1424 0.33
Skewness
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.26 0.48 34.17 -261 1277 133 1595 0.31
2 0.82 0.00 34.21 -1.06 531 1.48 15.01 0.32
3 0.78 0.02 3248 -0.10 393 141 1450 0.34
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.84 0.07 38.60 -0.41 246 156 1424 0.35
2 0.76 0.01 33.33 -1.05 541 1.44 15.05 0.32
3 1.29 0.44 2923 -232 1409 124 16.14 0.30

Table continued on next page ...
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Panel C: Six Months to Maturity

\olatility
Rank Mean Char Adj Vol  Skew Kurt Beta InMV BM
Return Return
1 1.08 0.19 20.97 -0.93 6.14 091 16.16 0.34
2 1.08 0.28 3297 -0.96 563 143 15.01 0.31
3 0.61 -0.08 53.07 -0.92 432 196 1427 0.32
Skewness
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.21 0.37 36.48 -2.10 954 128 16.02 0.32
2 0.86 0.07 34.74 -0.76 403 147 1504 0.32
3 0.77 0.02 3519 -0.01 3.07 147 1438 0.33
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.87 0.07 3935 -0.27 209 158 1425 0.33
2 0.84 0.08 35.57 -0.75 410 148 15.02 0.32
3 1.15 0.32 3121 -185 1042 118 16.17 0.31

Table continued on next page ...
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Panel D: 12 Months to Maturity

\olatility
Rank Mean Char Adj Vol  Skew Kurt Beta InMV BM
Return Return
1 1.12 0.21 21.67 -0.94 6.15 0.92 16.03 0.34
2 0.96 0.15 3411 -0.99 573 142 1498 0.31
3 0.74 0.08 55.73 -1.02 452 195 1444 0.32
Skewness
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 1.27 0.43 38.83 -2.23 999 1.27 16.11 0.32
2 0.86 0.07 36.10 -0.79 398 147 15.00 0.32
3 0.72 -0.04 3591 -0.01 3.03 149 1435 0.33
Kurtosis
Rank  Mean Char Adj Vol Skew Kurt Beta InMV BM
Return Return
1 0.90 0.12 40.16 -0.27 206 159 1423 0.33
2 0.74 -0.012 37.22 -0.77 407 148 1500 0.33
3 1.25 0.41 33.07 -198 10.84 116 16.22 0.31
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Table IA.XIII
Time Series Regressions: Co-Moment Risk Adjustment

The table presents the results of time series regressions of excessdifierentials (Hi-Lo) between portfolios ranked
on risk-neutral volatility, skewness, and kurtosis on portfolios repitasg co-moment risk. Excess portfolio returns are
regressed on the excess return on stocks with high risk-neutrali@osarwith the S&P 500 and short low risk-neutral
covariance (CV), the excess return on a portfolio long stocks with highnesitral co-skewness with the S&P 500 and short
low risk-neutral co-skewness (CS), and the excess return on @lgmiting stocks with high risk-neutral co-kurtosis with
the S&P 500 and short low risk-neutral co-kurtosis (CK). The monsented portfolios are equally weighted, formed on the
basis of terciles and re-formed each quarter. The table presentseptimates of the coefficients witkstatistics below the
point estimates. Data cover the period April 1996 through Decembér 20017 monthly observations.

Panel A: One Month to Maturity Panel B: Three Months to Maturity
a Bcv  Bcs  Bek R a Burr  Bcs  Bek R?
Vol -0.66 066 092 -052 0.79 -0.71 071 088 -0.71 0.81
-1.84 750 10.12 -4.40 -1.97 8.02 955 -595
Skew -0.79 021 0.5 0.47 0.08 -091 029 -0.01 0.39 0.08
-200 220 153 3.64 -2.28 294 -0.08 298
Kurt 0.72 -0.27 -040 -0.38 0.25 094 -036 -0.32 -0.20 0.20
252 -383 -5.60 -4.08 3.10 -4.78 -418 -2.01
Panel C: Six Months to Maturity Panel D: 12 Months to Maturity
a Bcv  Bcs  Bek R a Bcv  Bcs  Bek R?
Vol -090 0.74 091 -0.66 0.80 -0.82 067 084 -0.71 0.79
-236 7.87 9.44 -529 -2.18 7.28 884 -577
Skew -1.04 028 -0.16 0.32 0.06 -1.02 030 0.03 0.29 0.05
-2.62 287 -0.02 249 247 295 025 214
Kurt 1.13 -0.37 -0.27 -0.27 0.20 1.14 -040 -026 -0.26 0.21
3.47 -463 -3.34 -256 341 -484 -3.05 -241
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Table IA XIV
Parametric Stochastic Discount Factor Risk Adjustments: S&P 500

The table presents point estimates of the parameters of a SDF polynomial in the returns on the S&P 500 index. The SDF is specified as
my =do+dirr, +d2r%,t +d3"%,r
where r7; is the return on the S&P 500 index (Panels A to D). The parameters are estimated via GMM using the sample moment restrictions

1

dz? (I+r)m—1xy)=0

N~

t=1

where r; is a 10 x 1 vector of returns comprising 3 portfolios sorted on risk-neutral volatility, 3 portfolios sorted on risk-neutral skewness, 3 portfolios sorted on risk-neutral
kurtosis, and a Treasury Bill. The column titled ‘J” presents the test statistic for the overidentifying restrictions. In addition to point estimates, we present the pricing errors
associated with high-low factor mimicking portfolios formed on volatility, skewness, and kurtosis in the columns 0.7, Ok, and Oy, respectively. We examine three
versions of the model above. The first restricts d» = d3 = 0, representing a linear specification, the second restricts d3 = 0, representing a quadratic specification, and the
final, representing a cubic specification, is unrestricted. Panel A presents results for returns formed on the basis of options with one month to maturity; Panels B-D present
complementary results for options based on three, six, and 12 months to maturity. Newey-West z-statistics are presented in below the point estimates and p-values for the
J-statistic are presented in parentheses below the statistic. The data cover the period April 1996 through December 2005 for 117 monthly observations.

Panel A: r7; One Month to Maturity Panel B: rr, Three Months to Maturity
do d; dy d3 J Qyol Askew Okurt do d; dy d3 J Qyol Oskew  Okurt
1.00 -449 1036 -1.08 -0.22 0.14 1.00 -5.11 14.41 -140 -036 0.51
24.80 -1.98 ©24) -175 -0.57 042 21.78 -2.27 ©.07) -195 -097 144
1.00 -2.52 8.97 11.25 -127  -0.39 0.51 1.00 -296 10.06 1541 -1.77  -0.60 091
24.10 -047 0.66 0.13) -198 -0.96 1.72 2136 -0.62 0.82 0.03) -234 -157 259
1.00 2.10 746 -6.85 1097 -120 -044 0.55 100 1427 -292 -27.73 1201 -1.19 091 094
19.69  0.10 050 -021 (009 -207 -1.11 1.98 13.22 129 -0.23 -124  (0.06) -228 -2.61 2.63
Panel C: rr; Six Months to Maturity Panel D: r7; 12 Months to Maturity
do di dy d3 J Qyol Oskew Okurt do d dy d3 J Qyol Oskew Qeurt
1.00 -5.75 22.77 -1.70  -0.92 1.01 1.00 -5.79 2196  -168 -094 1.00
41.53 -2.05 0.00) -253 -248 -3.10 4122 205 0.01) -260 -248 3.10
1.00 -171 15.86 20.58 -1.81 -0.73 1.05 1.00 -321 1147 21.18 -1.86 -0.77 0.99
1457 -0.28 1.15 0.00) -193 -1.69 2.92 18.86 -0.53 0.81 0.00) 235 -199 294
1.00 0.16 1566 -2.64 20.15 -1.77  -0.74 1.06 1.00 19.79 240 -3392 1481 -1.13  -1.00 1.05

1359 001 1.14 -008 (0.00) -2.64 -1.68 2.81 9.23 145 0.15 -1.03  (0.02) -207 -208 292
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Table IA. XV
Parametric Stochastic Discount Factor Risk Adjustments: Industry Portfolios

The table presents point estimates of the parameters of a SDF polynomial in the returns on the tangency portfolio that explains a set of industry portfolio returns. The SDF
is specified as
my =do+dirr +d2r%-7, +d3r%t

where r7; is the industry tangency portfolio. The parameters are estimated via GMM using the sample moment restrictions

1

dz? (I+r)m—1xy)=0

NZE]

t

1

where r; is a 10 x 1 vector of returns comprising 3 portfolios sorted on risk-neutral volatility, 3 portfolios sorted on risk-neutral skewness, 3 portfolios sorted on risk-neutral
kurtosis, and a Treasury Bill. The column titled ‘J’ presents the test statistic for the overidentifying restrictions. In addition to point estimates, we present the pricing errors
associated with high-low factor mimicking portfolios formed on volatility, skewness, and kurtosis in the columns 0.7, Ogker, and Oy, respectively. We examine three
versions of the model above. The first restricts d» = d3 = 0, representing a linear specification, the second restricts d3 =0, representing a quadratic specification, and the
final, representing a cubic specification, is unrestricted. Panel A presents results for returns formed on the basis of options with one month to maturity; Panels B-D present
complementary results for options based on three, six, and 12 months to maturity. Newey-West z-statistics are presented below the point estimates and p-values for the
J-statistic are presented in parentheses below the statistic. The data cover the period April 1996 through December 2005 for 117 monthly observations.

Panel A: r7; One Month to Maturity Panel B: r7; Three Months to Maturity
do di dy ds J Oyol Olskew  Otkurt do d; d ds J Qyol Oskew  Okurt
100 -448 10.36 -1.08 -022 0.14 1.00 -4.73 14.79 -140 044 0.53
2480 -1.98 0.24) -175 -057 042 2355 -2.14 0.06) -194 -1.15 146
100 -757 5.64 8.90 -098 -0.58 0.39 1.00 -3.12 -3.56 14.10 -1.52 021 0.36
1620 -141 1.04 0.26) -146 -2.12 145 19.15 -1.08 -0.98 005 -195 -056 1.04
1.00 -478 8.16 -4.87 8.73 -124 056 0.51 1.00 2.54 435 -10.98 9.74 -1.89 029 0.65
1408 -098 091 -0.60 (0.19)0 -2.12 -201 245 15.84 0.47 0.58 -1.19  (0.14) -2.62 -090 231
Panel C: rr, Six Months to Maturity Panel D: r7, 12 Months to Maturity
dO d 1 d2 d3 J QAyol Askew Qkurt dO d 1 d2 d3 J Qyol Oskew Qkurt
1.00 -485 2147 -1.50 051 053 1.00 -521 18.36 -1.58 -0.60 0.62
2295 -236 ©001) -212 -133 145 2140 -2.36 0.02) -235 -148 1.70
1.00 -651 231 20.10 -1.55 -0.63 0.67 1.00 -392 -3.15 1841 -1.71 042 042
1932 -143 0.6 0.01) -2.19 -1.84 256 1804 -1.39 -1.06 0.01) -237 -100 1.27
1.00 -032 479 -8.09 19.14 -1.78 -051 0.70 1.00 423 3.69 -1232 1158 -1.89 034 0.60

17.19 -004 076 -093 (0.00) -262 -163 264 1516 065 0.61 -128 (0.07) -262 -085 201
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Table IA.XVI
Parametric versus Non-Parametric Stochastic Discount Factor Risk Adjustments

The table presents risk adjustments for the volatility, skewness, and kurtosis factor mimicking portfolios using SDFs implied by the S&P 500 risk-neutral and physical
densities. The SDF is formed as a risk-free scaled ratio of the risk-neutral to physical probability measure

o) £2 (x,5,7)
I (x,5,7)

where ﬁQ(~) is the risk-neutral probability measure at time ¢, T (-) is the physical probability measure at time ¢, and T is the horizon. We approximate the risk-neutral
and physical probability distributions using the Normal Inverse Gaussian (NIG) distribution. The risk-neutral measure is approximated using the risk-neutral moments
calculated in the paper and the physical measure is calculated using returns data on the S&P 500 over the 1000 days prior to March, 31 1996. The table presents excess
returns implied by discounting the factor mimicking portfolios by the SDF,

my (x,5,T) =€~

o= 1 (T) my (x¢,7T)

Nl -
4~

t

1

where r; () is the t-period return on the factor-mimicking portfolio at time 7, and m; (x;,t) is the SDF evaluated at the observed t-period realization of the S&P 500 at
time ¢. The column labeled “NIG” represents the discount factor implied by the NIG approximations to the densities. Columns “Linear,” “Quad,” and “Cubic” represent
discount factors obtained by projecting the density-implied discount factor onto a linear, quadratic, and cubic polynomial, respectively. Panel A presents results for the
volatility-sorted factor mimicking portfolio with rows representing portfolios formed on volatility estimated using options with one, three, six, and 12-months to maturity.
Panels B and C present complementary results for skewness- and kurtosis-sorted factor mimicking portfolios. We separately examine SDFs based on options and returns
with three, six, and 12 month horizons. Data for the three, six, and 12 month horizons begin in January, 1997, July, 1996, and April, 1996, respectively. All three horizons
extend through December, 2005 for 106 (overlapping) observations. Point estimates are scaled to the monthly frequency, and Newey-West standard errors are presented in
parentheses below the point estimates. Point estimates that are significantly different than zero at the 10% or higher significance level are presented in boldfaced type.

Panel A: Volatility

Three Month Six Month Twelve Month
NIG Linear Quad Cubic NIG Linear Quad Cubic NIG Linear Quad Cubic
One Month -0.56 0.13 0.14 0.10 -1.29 -0.25 -030 -0.35 -1.04 -0.16 -0.17 -0.23
-1.77 0.36 0.38 0.28 -1.39 -021 -026 -0.30 -1.89 026 -028 -0.38
Three Month -0.73 004 -003 -0.07 -1.37 -0.32 -032 -0.38 -1.47 040 -041 -0.48
-1.83 -009 -007 -0.17 -1.88 -038 -037 -045 -1.96 -0.54 055 -0.66
Six Month -0.76 004 -003 -007 -1.40 -035 -035 -041 -1.46 040 042 -049
-1.90 -0.08 -006 -0.16 -1.96 042 041 -0.49 -1.97 054 056 -0.67
12 Month -0.74 -008 -008 -0.12 -1.36 -042 -043 -048 -141 040 042 -049
-1.86 -0.19 -0.17 -0.27 -1.87 -0.51  -0.51 -0.58 -191 -0.53 055 -0.65

Table continued on next page ...



Panel B: Skewness

€¢

Three Month Six Month Twelve Month
NIG Linear Quad Cubic NIG Linear Quad Cubic NIG Linear Quad Cubic
One Month -0.23 034 -033 -0.33 -0.82 -132 127  -1.28 -0.11 -0.70  -0.68 -0.66
-0.85 -0.88 -0.87 -0.86 -0.67 -097 -095 -0.96 -0.21 098 094 -094
Three Month -0.32 036 036 -0.35 -0.72 -0.69 -0.67 -0.68 -0.44 -088 087 -0.85
-1.53 -1.19  -1.17  -1.18 -1.59 -1.16  -1.13 -1.16 -1.08 -143  -138 -141
Six Month -0.44 050 -050 -049 -0.91 -0.89 -0.88 -0.89 -0.65 -1.02  -1.02 -101
-2.87 202 200 -2.03 -2.81 -195 -1.93 -1.98 -2.30 217  -2.13  -2.18
12 Month -0.44 048 048 -048 -0.92 -090 -0.88 -0.89 -0.65 -1.06  -1.06 -1.04
-2.88 -1.93  -191 -1.94 -2.80 -1.90 -189 -1.93 242 208 204 -2.09

Panel C: Kurtosis

Three Month Six Month Twelve Month
NIG Linear Quad Cubic NIG Linear Quad Cubic NIG Linear Quad Cubic
One Month 0.24 009 0.08 0.09 0.64 070  0.68 0.70 0.20 039 037 0.38
1.46 046 044 0.48 0.88 090 0.89 0.93 0.63 099 093 0.98
Three Month 045 026 026 0.26 091 054 053 0.55 0.78 074  0.72 0.74
352 1.61 1.59 1.66 3.14 1.68 1.67 1.76 3.16 2.23 2.21 2.32
Six Month 0.53 041 0.40 041 1.05 0.73 0.72 0.74 0.88 094 093 0.94
4.09 229 2.29 2.34 401 1.96 1.96 2.06 3.61 240 2.39 2.52
12 Month 0.51 038 037 0.38 1.02 0.68 0.67 0.69 0.88 089  0.89 0.90

4.12 234 234 2.39 3.87 207 207 2.18 3.53 260 259 2.72




Table IA.XVII
Industry Definitions

Ticker  Description

BKX  KBW Bank Index

BTK  AMEX Biotechnology Index

CMR  Morgan Stanley Consumer Index
CyC Morgan Stanley Cyclical Index

DRG AMEX Pharmaceutcial Index

MSH Morgan Stanley High-Technology Index
TXX CBOE Technology Index

uTy PHLX Utility Sector Index

XAL AMEX Airline Index

XAU PHLX Gold and Silver Sector Index
XBD  AMEX Securities Broker/Dealer Index
XClI AMEX Computer Technology Index
XNG  AMEX Natural Gas Index

X0l AMEX Oil Index
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Figure IA.l. Stochastic Discount Factors

The plots depict SDFs formed using risk-neutral moments of S&P 50&xingtions at the 12-month maturity. The plot
labeled ‘NIG’ represents SDFm)(x,s,tau), formed as

m(x,s,7) =€ "'’ 7

wheref (-) is the NIG probability density functior) denotes the risk-neutral probability measure, Brignotes the physical
measure. The risk-neutral measure is calculated using risk-neutraknts retrieved from option prices and the physical
measure using the historical moments of the S&P 500 index from 199@ghrd995. ’'Linear,’ 'Quadratic,’ and 'Cubic’
represent linear, quadratic, and cubic polynomial fits to the NIG kernel.
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