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Abstract

This paper proposes a novel approach to extracting option-implied equity premia, and
empirically examines the information content of these risk premia for forecasting the
stock market return. Our approach does not require specifying the functional form
of the pricing kernel, and does not impose any restrictions on investors’ preferences.
We only assume the existence of put and call options which complete the market,
and show that the equity premium can be inferred from expected excess returns on a
portfolio of options. An empirical investigation of S&P 500 index options yields the
following conclusions: (i) the implied equity premium predicts stock market returns;
(ii) the implied equity premium consistently outperforms variables commonly used in
the forecasting literature both in- and out-of-sample; (iii) at the cross-sectional level,
stocks that are more sensitive to the implied equity premium have higher returns on
average.
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1 Introduction

We propose a novel approach to extracting option-implied equity premium estimates and
examine their information content for the stock market return. The equity premium is the
expected stock market return in excess of the risk-free rate. Measuring the equity premium
is important for both investment and corporate decisions (see Fama and French, 2002, and
Welch, 2000); the equity premium determines the firm’s cost of capital and the investors
compensation for investing in risky stocks.

Our approach does not impose parametric restrictions on the dynamics of the underlying
stock and does not require specifying the functional form of the pricing kernel. It also avoids
some of the well-known misspecifications problems inherent in parametric approaches.! We
contribute to the large, yet inconclusive, literature on the predictability of stock market
returns and find strong evidence that our measure of the option-implied equity premium
predicts stock market returns. The empirical results show that predictability is stronger for
monthly and quarterly horizons and persists for more than six months. We also find that the
forecasting power of the option-implied equity premium is superior to that of other variables
known to predict stock market returns, a finding that is true both in- and out-of-sample.?
The out-of-sample R? for the implied equity premium is higher than 10% for the monthly
horizon while other predictor variables have either negative or positive, but small, out-of-
sample R?. We also find that the option-implied equity premium helps explain the cross-
section of equity returns. Stocks that are more sensitive to the implied equity premium have
higher returns on average. The results are robust to additional controls such as the Fama-
French, the momentum and the aggregate volatility (as proxied by the VIX index) factors.
This cross-sectional evidence is consistent with the conditional CAPM of Jagannathan and
Wang (1996) and captures the notion that time varying equity premium and market betas
make the unconditional expected stock return related to both the market and the premium
betas (i.e., the sensitivity of stock to the equity premium). The empirical results also show
that the high-minus-low premium beta portfolio has a positive and significant alpha of 0.46%
per month. Overall, the time series and cross-sectional tests show that our measure of the
option-implied equity premium is a plausible proxy for the equity premium.

Our approach exploits the following simple and intuitive idea: The expected excess return
on any derivative asset is determined by the price of risk of priced factors, therefore it is
possible to estimate the equity premium using expected excess returns on the appropriate
derivatives, and without imposing any functional form on the pricing kernel.> In extracting

the option-implied equity premium, the underlying setup is an N—dimensional continuous-

I Previous studies have dealt with misspecifications problems by attempting to find better specified models.
See Broadie, Chernov and Johannes (2007), Pan (2002), and Santa-Clara and Yan (2010) for examples on
parametric approaches.

2We consider the main variables used in Goyal and Welch (2008).

3This idea is similar to what Ait-Sahalia, Wang and Yared (2001) suggest in their conclusion.



time diffusion model. With N different sources of risk, an equal number of securities— exposed
to these sources of risk— are needed to complete the market. The existence of a continuum of
call and put options allows for these N non-redundant securities to be synthetically created
from options. We refer to these securities as basic derivatives in the sense adopted by Brown
and Ross (1991): All derivatives are a portfolio of the basic derivatives. Since these basic
derivative assets complete the market, they can be used to replicate the payoff of any other
derivative. And in particular, they can be used to form a strategy that perfectly replicates the
underlying asset and thus hedges the other (/N —1) risk factors. The estimation of the implied
equity premium reduces to the estimation of the expected return on this strategy. More
specifically, we show that the equity premium is a weighted average of the expected excess
return on the basic derivative assets where the weights are determined by the sensitivity of
these basic derivatives to risk factors. Both, the expected excess return and the weights can
be estimated in a model-free manner.

Because the estimation of expected option returns is rather cumbersome, we use derivative
assets whose prices are inferred from options as basic derivative assets, rather than the
options themselves. In principle, these basic derivative assets could include a broad range
of securities. Bakshi and Madan (2000) show that the price of virtually any contingent
claim with an integrable payoff function can be inferred from option prices in a model-free
manner. However, only a few instruments permit a reasonably accurate estimation of the
expected excess return. The key feature in our approach lies in the use of "conveniently
chosen" portfolios of options for which the expected return can be reliably estimated. In
our application, we restrict ourselves to the quadratic, the cubic and the upside quadratic
contracts for which the computation of the physical and risk-neutral expectations— the two
ingredients needed for the expected excess return — can be performed in a model-free manner.
All these contracts are inferred from portfolios of options.

The literature on the information content of option markets has been rapidly expanding
over the past few years. Virtually all existing findings seem to suggest that option markets
provide useful insights on the future path of the underlying asset, and thus help predict
returns. At the cross-sectional level, Pan and Poteshman (2006) find that the ratio of call
to put option volumes— a measure of the weight that market participants put on upside risk
relative to downside risk— is significantly related to future stock returns. Conrad, Dittmar
and Ghysels (2009) find a significant relationship between moments implied in individual
equity option prices and future returns on the underlying stock. Along the same lines, Xing,
Zhang, and Zhao (2010) provide evidence that the volatility skew, i.e., the difference in
implied volatility between OTM put and ATM call options, predicts the future underlying
stock return up to a six-month horizon. Ang, Hodrick, Xing, and Zhang (2006) find that
VIX is a priced factor in the cross-section of stock returns while Chang, Christoffersen and

Jacobs (2009) document that the exposure to higher-order moments implied in S&P 500



index options is also priced in the cross-section.

In addition to explaining the cross-section of equity returns, option data have also proved
to be useful in predicting stock market returns. Using a general equilibrium model, Bollerslev,
Tauchen and Zhou (2009) link the equity premium to the variance risk premium. Their
empirical results reveal that the variance risk premium, estimated using option data, predicts
stock market returns. Bollerslev, Gibson and Zhou (2011) propose a simple approach to
estimating volatility risk premia using a general stochastic volatility model. These risk premia
are then shown to predict stock market returns. Finally, Bakshi, Panayotov and Skoulakis
(2011) find that their measure of forward variance, also extracted from option data, predicts
stock market returns.

Our paper is closely related to the literature on non-parametric estimation of option-
implied risk premia. Bollerslev and Todorov (2011) propose a non-parametric framework for
quantifying jump risk premia that relies on the recently introduced techniques for estimating
expected jump tails (Bollerslev and Todorov, 2010) and a model-free approach for inferring
risk-neutral expectations from option prices. Their findings suggest that jump fear justifies
the magnitude of the market risk premium. In this paper, rather than looking only at the
jump component, we estimate the total market risk premium. Bakshi and Kapadia (2003)
use a stochastic volatility model that does not impose any functional form on the pricing
kernel, and document a negative volatility risk premium. They show that the expected return
on a delta-hedged strategy is determined by the volatility risk premium and they interpret
negative return as evidence of a negative volatility risk premium. While it is natural to use
delta-hedged strategies to look for evidence on the volatility risk premium, estimating the
equity premium is not straightforward. Our approach specifically addresses this issue.

Using a simple Black-Scholes type model, Campello, Chen and Zhang (2008) establish
a link between the risk premium on individual stocks and corporate bond returns. Both
stocks and corporate bonds can be seen as contingent claims on the firm value. The expected
returns on both securities are thus determined by the same underlying source of risk. Since
returns on both securities are inherently linked, Campello, Chen and Zhang (2008) infer the
stock risk premium from expected bond returns. In this paper, we focus on the market risk
premium rather than the risk premium on individual securities. We link the stock market
risk premium to the expected excess return on a set of basic derivative assets.

The paper is organized as follows. Section 2 sets forth the theoretical foundation of our
approach for extracting of the implied equity premium. Section 3 applies the theoretical
framework to a general two-factor model using S&P 500 index option data and presents
the estimation results for the implied equity premium. We test the predictive power of the
implied equity premium for stock market returns in section 4. Section 5 investigates the
out-of-sample performance of the implied equity premium using non-overlapping monthly

returns, and section 6 presents the results of cross-sectional tests. Section 7 concludes.



2 Implied Equity Premium: Theory

Our objective is to extract the implied equity premium from derivative contracts. Starting
with a broad assumption on the uncertainty in the economy, we propose a simple approach
to measure the implied equity premium without parameterizing the process that generates
the uncertainty in the economy. To do so, we rely on a general class of continuous-time
diffusion models, similar to most of the existing option pricing literature. We present the
model in section 2.1. Our approach assumes the existence of a continuum of call and put
options that span the payoff on N non-redundant securities that complete the market. We
examine the necessary conditions for the existence of such securities and discuss some related
works on market completeness in section 2.2. Section 2.3 presents our main result, i.e., the

derivation of the measure for the implied equity premium.

2.1 The Model

We follow Bakshi and Madan (2000) and assume a frictionless market where the sources of
uncertainty in the economy obey to a multi-dimensional diffusion process. The model can

be written as follows

d
?t = 1 [St, Xy, ] dt + o [Sp, Xy, 1] AWy, (1)
t
and
dXt :7[St7Xtat] dt+Q[St7Xt7t] th7 (2)
where S; is the underlying stock price, X; = (z7, ...., z ~1)"is a vector of observable or latent

factors, W, is an N—-dimensional Brownian motion, 4 [S;, X4, t] is a scalar, o [S, Xy, t] is an
1 x N vector, v [Sy, Xy, t] is an (N — 1) x 1 vector, and €[Sy, Xy, t] is an (N — 1) x N matrix.
The no-arbitrage assumption ensures the existence of at least one risk-neutral measure )

under which the dynamic of S; and X, is (see Harrison and Kreps (1979)).

dsS;

? = (,U [StaXtat] _U[St7Xt7t]A[Staxtat])dt—{_o-[stvxtat] dw;fk (3)
t
= (re — q)dt + o [Si, X, t] AW,
and
dXt = ('7 [Sta Xt7 t] - Q [Sta Xta t] A [St, Xt7 t]) dt + Q [Sta Xt7 ﬂ dWZ, (4)

where dW; = dW, + X[S;, Xy, t] is an N-dimensional Brownian motion under ¢). The
instantaneous risk-free rate r; and the continuous dividend yield ¢; are assumed to be time-
varying but deterministic. Equation (3) constrains the drift of any asset under ) to be equal
to risk-free rate minus the dividend yield.

As in Bakshi and Kapadia (2003) and Duarte and Jones (2007), we do not impose any



parameterization on the pricing kernel and thus do not postulate any functional form for the
prices of risk and risk exposures, i.e., the diffusions. In doing so, we avoid some of the well-
known drawbacks of parametric approaches which potentially can lead to wrong conclusions
about risk premia when poorly specified models are used. The estimation of risk premia in
parametric approaches, in contrast to ours, may be vitiated by misspecifications in both the
prices of risk and risk exposures, as explained by Duarte and Jones (2007).

As we will explain in more detail below, our approach does not require the identification
of the (N — 1) factors given by the vector X;. These factors could be observable or latent.
The intuition behind our approach is to focus on the derivatives that capture these factors
rather than trying to directly identify the factors. We relate the equity premium to the
expected return on a set of “conveniently chosen” portfolios of options from which we infer the
implied equity premium. These portfolios have payoff functions for which we can conveniently
obtain reliable estimates of the physical and risk-neutral expectations, the two ingredients

of expected returns.

2.2 Market Completeness

Market completeness assumes that the payoff on any claim can be replicated by taking
positions in the marketed assets. Under the specification stated in section 2.1, the stock
and the risk-free bond fail to complete the market with respect to the N sources of diffusive
risk. In order to complete the market, we therefore need N non-redundant securities that
provide different exposures to each of the N — 1 factors and the underlying asset. A security
is non-redundant if its payoff cannot be spanned by taking positions in the other N — 1
securities.

The notion of market completeness attained through options trading was first discussed
by Ross (1976). In a simple state-space framework, he shows that derivatives need not to
be very complex to complete the market and that European options provide investment op-
portunities better tailored to meet investors risk preferences. Other studies that discuss the
market completing feature of options include Breeden and Litzenberger (1978), Green and
Jarrow (1987), Nachman (1988), Duan, Moreau and Sealey (1992) and Bajeux and Rochet
(1996). More recently, Carr and Madan (2001) show how to span any twice differentiable
function of the underlying stock using a continuum of call and put options, the risk-free
bond and the underlying stock. Theorem 1 of Bakshi and Madan (2000) generalizes this
result to the case of all integrable functions. The theorem also shows that the spanning via
options is equivalent to the spanning via the characteristic function, but the latter may be
mathematically more tractable. In our setup, the market completeness achieved via the N
non-redundant securities allows us to derive explicit expressions for the implied equity pre-

mium. The following assumption defines the necessary conditions for the existence of these



non-redundant securities. To simplify the notation and facilitate the mathematical derivation
of our results, we denote Y, =[S, X!, ] and T'[Y.,t] =[S, (a[Y,t]) (2[Y,t]) ].

Assumption 1. There exists a continuum of call and put options whose price is contin-
gent on the underlying asset price S; and the vector of factors X;. In addition, these options
span the payoff of N contingent claims, Fy = (F}, ..., EN) | whose Jacobian N x N matriz
VyF; = (VyF}, ..., VyFEN) is invertible.

The above assumption ensures that the N contingent claims are not redundant and
thus complete the market. This condition is similar to those used in Liu and Pan (2003)
and Bajeux and Rochet (1996). The sensitivity of the contingent claims to the N sources
of diffusive risk is captured by the Jacobian matrix, whereas the invertibility of this matrix
ensures the non-redundancy of the N contingent claims. The non-redundancy in turn ensures
that the N contingent claims provide different exposures to all sources of risk and thus
complete the market. Moreover, with the continuum of options we can virtually span the
payoff of any derivative asset under some regularity conditions. As a result, we can use
options to price the IV contingent claims. Although these contingent claims are not marketed,
they can be synthetically created from options, the underlying stock and the risk-free bond.

Proposition 1 formalizes this result.

Proposition 1 Given assumption 1, the N contingent claims, Fy= (F}, ..., FN), complete

the market. We refer to these N claims as basic derivative assets.

The proof of Proposition 1 is shown in the Appendix. Proposition 1 shows that any
asset can be replicated by taking positions in the basic derivative assets. The sense of basic
derivatives considered here is the one adopted by Brown and Ross (1991), i.e., all derivatives

are a portfolio of the basic derivatives.

2.3 Extraction of the Implied Equity Premium

The intuition underlying our approach is to use the basic derivative assets to form a strategy
that is perfectly exposed to the underlying stock market and hedges other factors. The
expected return on this strategy is determined by the stock market risk premium. Conversely,
we can infer the stock market risk premium from the expected return on this strategy. To
this end, we simply need to determine the positioning on the basic derivative assets required
to form such a strategy and compute its expected returns. We establish this result in the

next proposition.



Proposition 2 Given the vector of N basic derivative assets, Fy= (F}, ..., EN), with an

wnvertible Jacobian matriz VyFy, the equity premium m; is given by

ds, Nk dF¥
= EP | — —r=) L EP | =L | - 5
¢ t |:Stdt:| + qt Tt ; St wt,k ( t |:Ftk:dt Tt |y ( )

where EF [.] is the expectation under the physical probability measure conditional on time
t information set, w;) = [(VYFt)fl]lk, q; s the continuous dividend yield and r; is the

instantaneous risk-free rate.

The proof of Proposition 2 is shown in the Appendix. Proposition 2 shows that the
equity premium is a weighted average of expected excess return on the basic derivatives.
The weights w; ;,’s capture the sensitivity of the basic derivatives to the vector of risk factors
Y. Proposition 1 of Bakshi and Kapadia (2003) is based on a somewhat similar intuition.
Using a stochastic volatility model, Bakshi and Kapadia (2003) relate the volatility risk
premium to the expected return on a delta hedged strategy. In this paper, we use N basic
derivatives to form a strategy with expected returns equal to the equity premium. This
strategy is perfectly exposed to the underlying asset and hedges the (N —1) factors. In what
follows, we illustrate this point. Combining the no-arbitrage assumption with It6’s lemma,

we can show that the dynamic for a derivative F is described by the following process’

dF} — rFFdt = (Vy FyT [Yo, ) N [Yy, t]) dt + Vy FST [Yq, t] dW,. (6)
Using a vector representation for Fy= (F}, ..., FtN ), we have
dF, — rFidt = (VyF,. I [Y, t] A [Yy, t]) dt + Vv F. I [Y, t] dW,. (7)

Consider a strategy with a vector of weights on the basic derivative assets z = I; x (VYFt)fl

1th

where I; is a unit (row) vector with the 1** element equal to one and all the other elements

equal to zero. In other words, this strategy is a portfolio with the positions [(VYFt)_l] n

in each of the kK =1, ..., N basic derivative assets. The dynamic of this strategy is
dzF; — ryzFdt = dI, x (VyF) ' Fy — 10y x (VyF) ' Fydt. (8)
Using equation (7), we have

dzF, — rzF,dt = (I x (VyF) ' VyFI Y, ) A [Y,, 1]) dt
+1; x (VyFy) ' VyF,I' [Y,, t] dW,

4See the Appendix for the derivation of equation (6).
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Using the fact that LT [Y,,t] = L[ S, (o [Y,,t]) (2[Y.,t])' | = o [Y,,t], we obtain
dZFt — ’r‘tZFtdt = StO' [Yt7 ﬂ A [Yt7 t] dt + StO' [Yt7 t] th (10)

Since the no-arbitrage assumption constrains the drift of the underlying stock p[Yy,t] —
o Y, t] A[Y,,t] to be equal to 7, — g; under @, then

dZFt — ’I“tZFtdt = St(/,b [Yt, t] — (Tt — qlf))dt + Sta' [Yt, t] th
= dS; — (ri — q)Sidt, (11)

the last equation shows that the strategy perfectly replicates the underlying stock.

We convert the instantaneous return in equation (5) into a discrete-time form as it is
commonly done in the literature (see for instance Bakshi and Kapadia (2003) and Duarte
and Jones (2007)). The discretization may result in some approximation errors. To alleviate
the effects of these approximation errors, we focus on one-month periods. The approximation

for the one-period ahead equity premium is

~ FY ( p[Ft’il—Ft’“] )
T = wey (EP |2 ). (12)
tit+ zk:St ¢ t Ftk tt+

The expression for the equity premium, 7,1, is very tractable and all the terms can be
computed in a model-free manner. This feature differentiates our approach from existing
studies that estimate risk premia using parametric approaches (see for instance Broadie,
Chernov and Johannes (2007), Pan (2002), and Santa-Clara and Yan (2010)). The estimation
of the implied equity premium requires the computation of the price of the basic derivative
assets, their conditional expected payoff under the physical measure, and the weights w; ;s
on the basic derivatives. The price of these basic derivatives can be inferred from the value
of a portfolio of options.

We discuss the choice of the basic derivatives and the estimation details in the next
section, where we apply our approach to a two-factor model. Note that although we focus
on a two-factor model, for completeness’ sake, we also present results for a three-factor model

(see section 4.2).



3 Application to a Two-Factor Model

3.1 Methodology

In this section, we apply our framework to a two-factor model. We assume that the dynamic

for the underlying stock price S; is given by

dS
?t = 1, (Sp, x¢)dt + 04 (S, ) dW1 4, (13)
t
and
dl’t = et(St, It)dt + nt(St? It)dWQ,h (14)

where x; is the second factor that determines the value of any derivative in addition to the
underlying stock price S;, and W;, and W5, are two Brownian motion processes that could
be correlated. As explained earlier our approach does not require the identification of the
factors. Given the general consensus on the importance of stochastic volatility in option
pricing models, we can for instance think of x; as a stochastic volatility factor. Under the

risk-neutral measure, the stochastic differential equation can be written as

ds x
?: = (¢ — qi) dt + 0(S, 2 )dWT, (15)
and
dl’t = <0t(St7 ZEt) - T]t(St, wt)AQ’t(St, l't)) dt + nt(St, IL‘t)dW;t, (16)

where dWy, = dWi; + A1 4(Sy, x¢) and dW5, = dWay + Mgt (Si, 7). Let m; be the equity

premium

ds;
Sydt

m, = EF { } +q — 1 = (S, xe) + @ — e = 04(St, T) A1 (S, ). (17)
In the presence of two risk factors, we need two basic derivative assets to back out the equity
premium. We use the quadratic and the cubic contracts denoted by V; and W;, respectively.
We define the quadratic and the cubic contracts as contingent claims on the underlying stock
expiring at time ¢ +7 and paying off R}, . and R} __, respectively, where Ry, = In(Si./S}).
Both the quadratic and the cubic contracts have been documented by the literature to
provide valuable information content on stock returns. For example, Bollerslev, Tauchen
and Zhou (2009) find that the variance risk premium (measured by the spread between
VIX and the realized variance) predicts future stock market returns. Chang, Christoffersen
and Jacobs (2009) find that stocks that are highly exposed to the implied market skewness
earn on average higher return. Conrad, Dittmar and Ghysels (2009) document that the

response of returns to the implied skewness is asymmetric with highly-negative skewness

10



stocks generating higher average returns. In addition to their valuable information content,
the use of quadratic and cubic contracts also greatly facilitates the empirical estimation of
the implied equity premium. Indeed, the calculation of the physical and risk-neutral second
and third moments — the two components of the expected excess return— is fairly easy.
Motivated by these findings, we use the quadratic and the cubic contracts as basic derivative
assets. Moreover, we also investigate the sensitivity of our measure to the choice of basic
derivative assets. We consider the upside quadratic contract, denoted Uy, (similar the upside
variance contract used in Bakshi, Madan and Panayotov (2010)) and form other pairs of
basic derivatives (See section 4.2).

Applying equation (5) for N = 2 and using the quadratic and the cubic contracts as basic

derivatives, we can infer the implied equity premium as follows

ds, Vi dV;
Ty = EtP |:St;t1 +qt CL)tlSt (Etp |:‘/tdtt:| _T't)
W, dW,
Fwia g <Ef {Wdtt] —rt). (18)
t
or equivalently,
dS 1 dV,
™ = Ef {Staft] +qr =7t :Wt,lgt (Etp [ dtt} V%ﬁ)
1 dW,
—HJJtQS <Etp |: dtt:| — Wtrt) s (19)
t

The above relationship shows that the equity premium is a weighted average of the expected
excess return on the quadratic and the cubic contracts. Proposition 2 shows that these
weights are determined by the inverse of the Jacobian matrix of the basic derivative assets.
Using the quadratic and the cubic contracts as basic derivative assets, we can show that

these weights are

oW,
_ ox
W1 = Ve OWy _ OWi OVy? (20)
0S5 Oz 0S5 Oz
and o1
9Vt
_ do
Wt2 = BV, 0w, oW, ovi (21)
0S o 9S oz
where %‘g and 8Wt are the deltas of the quadratic and the cubic contracts, and ‘Wt and BW’f

are their sen51t1v1tles to the factor x;, respectively. We can rewrite the weights as follovvs

1
Wi my, (22)

1= By,
85
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and |
We2 = 8_VV,5(1 — mt), (23)
S

where m; = LR L sy owry - Rewriting the weights this way makes it very convenient
1_( S Bz )/( S oz )

to estimate them when implementing our approach. The deltas can be estimated using a

model-free approach as described in the Appendix, while m; can be estimated from a simple
regression as outlined at the end of this section.

The discrete-time expression for the one-period ahead equity premium is therefore

~ Sip1 — S 1
T+l = Etp [%} T Qet41 = Trtp1 = th (EtP Vi) = Vi(1 + Tt:t+1))
t 39 Ot
1
+(1 - mt)w (B [Wer] = Wi(L + 741)) - (24)
88 Mt

Clearly, the equity premium requires the estimation of three ingredients: the price (i.e.,
the risk-neutral expectation) and the delta of the quadratic and the cubic contracts V; and
W;, their conditional expected payoff E [Vii1] and EF [W, 1], and finally the weights given
by m;. The details of the derivation and the estimation of the prices of the quadratic and
the cubic contracts and their deltas, which are based on model-free techniques (as in Bakshi,
Kapadia and Madan (2003)), are explained in the Appendix. However, it is worth mentioning
that these contracts are inferred from portfolios of options. In what follows, we outline how
we estimate the weights and the conditional expected payoffs. Note that the estimation of
the one-month ahead (¢ + 1) equity premium is based on information available up to month
t.

Starting with the weights, the estimation of m; relies on the following regression

St — S

1 1
5 —T= Mot Mgy o Vi = Viea (L + 1)) T2 aw, o (Wi = Wia (L +70)] 421, (25)
t—1 3a Y

s ~t s +t

with the constraints that mg equals zero and msy equals 1 — m;. Taking the expectation
under the physical measure of the above equation with the constraints just mentioned we
recover the discrete-time expression for the equity premium (see equation (24)).

All regressions are run using daily observations within the month, that is: every day
within a particular month, we estimate the prices of the quadratic and the cubic contracts
and their deltas, and then use them in the regression given by equation (25).°

Turning to the conditional expected payoffs, and assuming that the quadratic and the

cubic contracts mature in time ¢+ 1 (i.e., Viy1 = R7,; and Wyyq = R}, ), their estimation is

For simplicity we use returns on S&P 500 index reported in CRSP which do not include dividends, and
assume that the one-day risk-free rate, r¢, in equation (25) is zero.

12



based on their sample counterparts using daily returns, R;, within the previous month

t
EF[R] =) R (26)
set
where the subscripts s and ¢ denote the day s of month ¢, and n = 2 for the quadratic
contract and n = 3 for the cubic contract.

Admittedly, the historical third moment may be an imprecise estimate of the true con-
ditional third moment under the physical probability measure. As a robustness check, we
find a negligible impact on the implied equity premium when we constrain the third physical
moment to be zero. The correlation between the constrained and unconstrained estimates
is 99%.

Asset pricing theory postulates that the equity premium should be positive if investors
are risk-averse. In accordance with the theory, we estimate another version of the equity
premium where we constrain it to be positive. Specifically, we estimate m; in equation (25)

with the constraint that the one-month ahead equity premium in equation (24) is positive.

3.2 Data

The estimation of the implied equity premium requires data on S&P 500 index options as
well as the underlying index. The option data are collected from OptionMetrics while the
index data are collected from CRSP. Both samples span the period from January 1996 to
October 2010.

In testing the predictive power of the implied equity premium, we control for several
predictor variables that have been explored in previous studies. These variables are presented
in Section 4 and are available from Amit Goyal’s Web site.

Finally, in the cross-sectional tests performed in Section (6), we use some of the traditional
control variables such as the Fama-French, the momentum, and the aggregate volatility (as
proxied by the VIX index) factors. The data on the Fama-French and momentum factors
are collected from Kenneth French’s online data library while the data on the VIX are from
the Chicago Board of Options Exchange (CBOE).% The data on the individual stocks used

in the cross-sectional tests are collected from CRSP.

3.3 Estimation Results

We now proceed with the estimation of the equity premium according to equation (24).
Figure 1 depicts the monthly time series of the one-month ahead implied equity premium.

The unconstrained and constrained (i.e., constrained to be positive) estimates of the implied

5We use the old VIX as in Ang, Hodrick, Xing, and Zhang (2006).
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equity premium are shown in top and middle panels, respectively. The top panel of Figure
1 reveals some negative spikes mainly in periods of high volatility such as 9/11, the stock
market downturn of 2002, and the recent financial crisis. The figure also shows some positive
spikes preceding the market upturns of 2003 and 2009.

Panel A of Table 1 summarizes the descriptive statistics of the equity premium. As
expected, the mean of the unconstrained estimates of the implied equity premium is positive
and equal to 2.21% for the one-month horizon. The mean is slightly higher for the constrained
version and equals 2.71%. With the exception of very few months, the unconstrained implied
equity premium estimates are positive during the sample period. For instance, the percentage
of negative estimates is 11%, as shown by Panel A of Table 1. There is little difference
between the constrained and unconstrained implied equity premia in the mean, however, it
is worth pointing out that the constrained implied equity premium is right-skewed while the
unconstrained one is left-skewed, has higher standard deviation and exhibits fatter tails.

Panel B of table 1 shows that the correlation between the constrained and unconstrained
measures is fairly high and equals 0.79. The first order auto-correlations reported in Panel
A of table 1 suggest that the measures of the implied equity premium are not very persistent
with a first order autocorrelation equal to 0.26 for the unconstrained measure and 0.06 for the
constrained one. We also note that the correlations reported in Panel B of table 1 show that
implied equity premia are positively and significantly correlated with future stock market
returns. Finally, Panel B of Table 1 shows that the contemporaneous relationship between
implied equity premia and stock market returns is negative although it is not possible to
firmly conclude that this relationship is robust.

Overall, these findings provide enough evidence that the implied equity premium is con-
sistent with the observed stock market returns. In particular, the implied equity premium is
positively related with future returns and inversely related to current prices (an increase in
the equity premium should lower current prices). It also has reasonable statistical properties.

In the next three sections, we run several additional tests to assess whether our measure

of the implied equity premium is consistent with the observed returns in the stock market.

4 Stock Market Return Predictability

While the extraction of the equity premium without fully specifying any functional form for
the pricing kernel is by itself compelling, it remains to be seen whether such an estimate
captures the theoretical and empirical stylized facts that are typically associated with the
stock market risk premium. In this section, we show that our implied equity premium is

consistent with the main stylized facts.
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4.1 The Basic Predictive Regression

The most obvious stylized fact is the positivity of the premium, a property on which the
foundation of asset pricing theory hinges. While the constrained implied equity premium is
positive by construction, the unconstrained one has only few negative estimates and thus
captures this property. Table 1 shows that the percentage of positive monthly estimates of
the unconstrained implied equity premium is approximately 89%. Moreover, these negative
estimates are observed mostly during periods of high volatility, as shown by Figure 1.

In addition to the positivity of the equity premium, another desirable property is the
positive correlation with future returns. Establishing the predictability of the stock market
return can be quite challenging, especially for short-term horizons. This topic has been
extensively debated in the literature and the reported results are quite mixed. For example,
the comprehensive analysis of the performance of a large set of predictors reported in Goyal
and Welch (2008) casts doubt on the out-of-sample predictability of stock market returns. In
contrast, Campbell and Thompson (2008) find that imposing restrictions on the predictive
regressions improve the out-of-sample performance of predictors variables. Rapach, Strauss
and Zhou (2010) combine forecasts of individual predictive regression models and provide
evidence in favor of the out-of-sample predictability of stock market returns. Cochrane
(2008) takes a different approach and argues that if both dividend growth and returns are
not forecastable then the dividend price ratio should be constant which obviously contradicts
the data. Then, if dividend growth is not forecastable then returns must forecastable. The
author find that growth is not forecastable and interprets this result as evidence supporting
the predictability of returns.

In this paper we contribute to this large literature and show that our measure of the
implied equity premium presented in previous sections predicts future stock market returns
in- and out-of-sample. With few notable exceptions (see Bollerslev, Tauchen and Zhou (2009)
for example), previous studies have mostly used near unit root variables to predict stock
market returns. By contrast, our implied equity premium estimate is not very persistent
(see Table 1) and therefore avoids potential statistical problems.”

We investigate the information content of the implied equity premium by running the

following predictive regression
Rij100k = Co + 11 + CoT 14 + Evis (27)

where Ry = 2 [log(Res1 + 1) + ... + log(Riqk + 1)] is the annualized k-month excess
return. The implied equity premium and the returns are annualized to facilitate comparison

across regressions. The implied equity premium 7;;,; is based on the month ¢ information

"See, for instance, Stambaugh (1999) and Ferson, Sarkissian and Simin (2003) for discussion on the effects
of serial correlation on statistical inference.
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set and is thus predetermined. We also include the lagged implied equity premium known
in month £ — 1 as new information might not be reflected simultaneously in the option and
stock markets.

While the literature findings on the lead-lag relationship between the option and stock
markets appear to be inconclusive, Fleming, Ostdiek and Whaley (1996) provide evidence
that index options lead the underlying index.® They argue that transaction costs for index
options are lower than transaction costs for a portfolio on the stock index constituents. As
a result, informed trading would rather occur in option markets and thus new information
would more rapidly be reflected in option markets.’

In testing the predictability of stock market returns, we run our regression for different
horizons on a monthly frequency basis. We use Hodrick (1992) t-statistics, which are robust
to heteroskedasticity and serial correlation and have been shown to be superior to those of
Newey-West (1987) when overlapping returns are used (see for instance Ang and Bekaert
(2007)).

The regression results are reported in Table 2. As expected, the implied equity premium
is positively related to future returns. At the monthly horizon, there is some evidence that
current and lagged implied equity premia predict stock market returns with an R?’s of 10%
(see Table 2). Predictability seems to be stronger for quarterly horizon and persists for more
than six months in some cases. The results are significant for both the constrained and
unconstrained implied equity premia.

Table 2 also shows that the adjusted R?’s are higher than 15% for quarterly horizon.
However, Bollerslev, Tauchen and Zhou (2009) urge cautiousness in interpreting R? when
overlapping data are used. Boudoukh, Richardson, and Whitelaw (2008) argue that even
under the null hypothesis of no predictability R?’s increase proportionally with the horizon as
a result of persistence and overlap in the data. For this reason, section 5 focuses exclusively

on non-overlapping monthly returns and presents the results for out-of sample R?’s.

4.2 Robustness Checks

In this section, we test the robustness of the basic regression described previously with
respect to: 1. the sample period; 2. the choice of the basic derivatives; 3. the number of
factors driving the uncertainty in the economy; and 4. a set of standard control variables
that have been used in the literature. As we show below, the results of the basic regression
reported in Table 2 remain overall robust to these tests.

In our first robustness check, we conduct a subsample analysis and split our sample in two

8For studies on this subject, see for instance, Stephan and Whaley (1990), Vijh (1990), Chan, Chung and
Johnson (1993) and Chan, Chung and Fong (2002).

9Fleming, Ostdiek and Whaley (1996), argue that individual stocks are far more liquid than stock options,
and therefore we expect stock prices to lead stock option prices.
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sub-periods 1996-2003 and 2004-2010. The results reported in Table 3 are rather consistent
across sub-periods. The predictability of stock market returns remains significant for both
sub-periods, albeit stronger in the second one.

In the previous section we used the quadratic and the cubic contracts to extract the
equity premium. In this section, we also consider the upside quadratic contract, denoted
U, and which pays off R?,,I{g,,, >0, where Itp,, >0 is the indicator function of the event
{Rt+1 > 0}. This contract is similar the upside variance contract used in Bakshi, Madan
and Panayotov (2010). The estimation of the upside quadratic contract price and its delta is
explained in the Appendix while the estimation of the conditional expected payoff is based

on the sample counterpart using daily returns over the previous month

t
Etp |:R152+1[{Rt+1>0}:| - ZR?,SI{Rt,s>U}‘ (28)
set

where the subscripts s and ¢ denote the day s of month ¢. In the two factors models, we need
two basic derivatives to implement our approach, we thus form two additional pairs of basic
derivatives using the quadratic, the cubic and the upside quadratic contracts. The results
are reported in Table 4 and are rather consistent with those discussed in section 4.1, thus
demonstrating the robustness of our approach to the choice of basic derivatives. Whether we
extract the equity premium from the quadratic and the upside quadratic contracts or from
the cubic and the upside contracts, both lead to significant and very similar similar results.
In our third robustness check, we extend the procedure discussed in section 3.1 to the case

of a three factor model. Since three basic derivatives are required to estimate the implied
equity premium, we use the quadratic, the cubic and the upside quadratic contracts. In this

case, we can show that the equity premium is given by!°

Sip1 — S

%t:t+1 = Etp |: S
t

] + Qet41 — Tett1

1 1
TNy o (Etp V] = Vi(1 + 7“t:t+1)) T M2, o (Etp Wiga] = Wi(1 + Tt:t+1))
95 Ot ‘a5 St
1
+(1 =y — mt,2)W (Etp Ups1] — U(1 + Tt:t+1)) . (29)

As for the two-factor model, m;; and m, ,,are estimated from the following regression using

daily observations within the previous month

10See Appendix for the derivation of this result.
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St — S

1 1
g =1 = mo+tmigyo (Vi = Viei(L+ )] + mag—o (Wi = Wiea (1 + 1)
-1 L8, zeS

o5 -t s+t
+m3% Uy = Uy (14 7)) + 20, (30)
55 Pt

with the constraints that mg equals zero and mg3 equals 1 — m; — msy. The estimation of the
price of each contract, its delta and its conditional payoff is carried out as in the two-factor
model. The results for the predictive regression are reported in Table 4. As in the two-
factor model, the equity premium extracted from a three-factor model significantly predicts
the stock market return. However, when adding a third factor, the forecasting performance
of the implied equity premium seems to weaken, a sign that a two factor model is more
consistent with the data. For this reason, we do not extend the empirical analysis beyond
the three-factor model.

In our fourth robustness check, we test the performance of our measure in terms of
predictability after controlling for some of the main predictor variables used in previous
studies. Although the evidence of predictability is contested, several studies report that
some variables can predict stock market returns. We control for the following variables used
in Goyal and Welch (2008): Book-to-Market Ratio (b/m), Net Equity Expansion (ntis),
Dividend Yield (d/y), Earnings Price Ratio (e/p), Dividend Price Ratio (d/p), Default
Yield Spread (dfy), Dividend Payout Ratio (d/e) and Long Term Rate of Returns (Itr).!

We run a regression of the following type

Rij144k = co+ O1Tppq1 + CoTp—10 + 024 + €4y, (31)

where Z; is one of the predictors presented above and R, 1., is as defined in section 4.1.
We report the results for monthly and quarterly horizons in Table 5. The significance of
the implied equity premium remains almost unaltered after the inclusion of other predictors,
confirming the robustness of our results. The results provide some evidence that the dividend
yield and the dividend price ratio predict stock market returns at the monthly and quarterly

horizon.

5 Out of Sample Predictions

Recent studies show that many predictors perform well in-sample but fail dramatically when
tested out-of-sample (see, for instance, Goyal and Welch (2008)). In section 4, we find
strong evidence that our measure of implied equity premium predicts stock market returns

for different horizons in-sample. In this section, we conduct a series of out-of-sample tests.

See Goyal and Welch (2008) for complete description of the variables.
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To gauge the out-of-sample performance of the implied equity premium, we use the out-
of-sample R? as in Campbell and Thompson (2008) and Goyal and Welch (2008). At time
t — 1, we estimate the forecast value of the stock market return fzt from a regression of the

following general form using data from the beginning of the sample through time t — 1
Rt =y + CP;_l + Ety (32)

where P;_; is a vector of predictor variables. We run the above regression recursively to
obtain forecasts, }A%to, ]3%0“, IB%H, e éT, using only information available up to the time
we make the forecast; ty is the starting date of the forecast (out-of-sample) period and 7' is
the last date in the sample (i.e., October 2010). The out-of-sample R? (OOS R?) is defined

as )
(n-5)

R*=1-— .
(R~ R,)’

(33)

where the historical mean, R,, is also estimated using data from the beginning of the sample
through time ¢t — 1. In an attempt to balance between the length of the forecasting period
and the estimation period, we try different starting dates for the forecasting period ty: 2000,
2002 and 2004. These choices ensure that we have enough observations in the estimation
and forecasting periods to perform inference. The use of overlapping data is often criticized.
Therefore, we focus on non-overlapping returns in this section. The option data required
to estimate our measures of implied equity premium are not available for a long period, we
restrict thus our analysis to monthly horizon. The results for the OOS R? along with the
in-sample R? (IS R?) for the out-of-sample period are reported in Table 6. The table shows
that OOS R? for the implied equity premium is consistently positive. The results are rather
impressive with an OOS R? higher than 10% in some cases. For comparison, we also report
the OOS R? for the predictor variables used in section 4. Consistent with previous studies,
we find that these predictors have either positive, but small, or negative IS R? and negative
OO0S R? with perhaps the exception of the Net Equity Expansion variable (ntis). Our newly
proposed measure of implied equity premium therefore consistently outperforms other equity
premium predictors in- and out-of-sample. This is true for the various out-of-sample periods
considered in our analysis.

Our measure of implied equity premium is a weighted average of expected returns on the

quadratic and cubic contracts, i.e., a weighted average of the spreads between the physical
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and risk-neutral second and third moments.!> We denote the second moment spread SV;.;1

and the third moment spread SW;.;1 1
SVirsr = B Vel = Vi(l+ ) = B [RE] — BP [e 7 REL ) (L+ran)  (34)
and
SWerir = Ef W] = Wi+ rean) = BE [RY] — EP [e77 0 Ry (14 repa)  (35)

In the next exercise, we compare the performance of the implied equity premium to
the performance of the second and third moment spreads. The results in Table 6 show
that when we use current and lagged second and third moment spreads all together in the
same predictive regression, the in-sample R? is higher than 13% which is very comparable
to the in-sample R? of the implied equity premium. While there is a little difference in
the in-sample performance between our measure of the equity premium and the moment
spreads, the implied equity premium clearly outperforms the moment spreads out-of-sample.
Overall, the results show that there is clear advantage of using the implied equity premium
for forecasting stock market returns out-of-sample. Finally, we note that the second moment
spread has a positive out-of-sample R2, this result is consistent with Bollerslev, Tauchen and
Zhou (2009) who find that the variance risk premium, measured by the spread between VIX

and the realized variance, predicts future stock market returns.

6 Implied Equity Premia and the Cross-Section of Stock

Returns

To gain further insight on the information content of our measure of implied equity premium,
we run cross-sectional tests. We investigate the relationship between expected stock returns
and their sensitivity to the implied equity premium. Our tests are motivated by the con-
ditional version of the CAPM. Jagannathan and Wang (1996) show that in the conditional

12By the no-aribtrage assumption, the time ¢ price of the quadratic contract is V; = EtQ [e*”iHR?H]
and the time ¢ price of the cubic contract is W, = EZ [e7ret+1 R3], where ER [] is the expectation under
the risk-neutral probability measure conditional on time ¢ information set. Recall that we assume that the
quadratic and the cubic contracts mature in time ¢ + 1, ie., Viy1 = Rf_H and Wiy = R?_H. Therefore, we

have
Ef Ve] = Vi1 + r41) = B [RY ] - Ef [e7m e RE L] (L Teera),

and
B [Wea] = Wa(l+ raga) = B [Ri] - Ef [T Ry ] (14 7).
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CAPM, the unconditional expected return on a given stock is
E [Rt] = ay + alﬁmkt + agﬂprem’ (36)

where ™% = cov(R,, R7"™) Jvar(R™?) is the market beta, 577" = cov(Ry, A" Jvar(\/"*)
is the premium beta, R is the market return and )\;”kt is the time-varying equity premium.
Jagannathan and Wang (1996) test the above pricing relationship using the default spread
as a proxy for the equity premium. If our measure of implied equity premium is a good proxy
for the equity premium, we should observe a significant relationship between expected stock
returns and their sensitivities to the implied equity premium. This is the main hypothesis
we test in this section. Our objective is not to test the conditional version of CAPM. We
should observe a significant relation between expected stock returns and their sensitivity
to the equity premium whether the conditional CAPM fully explains the cross-section of
stock returns or not. This is true as long as the market beta and the equity premium are
time-varying.

To test our main hypothesis, we form portfolios based on their lagged premium betas.
Many recent studies use daily returns to estimate the betas, see for instance Ang et al
(2006), Chang, Christoffersen and Jacobs (2009), and Lewellen and Nagel (2006). Using
daily returns allows to capture the time variation in the betas by using shorter windows (as
short as one month) without considerably impairing the precision of the beta estimates. We
follow these studies and estimate 577" using daily returns within the month.!®> We consider

three cases
1. Rt — 7T = —|— Bmkt(R;nkt — T’) + /Bprem;ﬁft:t_’_l + Et,
2. Rt —r = Oé—i—ﬁmkt(R;nkt _7")+5HMLR,5HML+ﬁSMBRtSMB+5MomRi\/[0m+6prem7~Tt;t+1 +5t,

3. Ry — 1 =a+ ™ (RP —r) 4 BTy + BYINAVIX, 4 €.

HML SMB
Rt Rt

RI"kt is the stock market return, is the returns on the high minus low factor,
is the return small minus big factor, RM°™ is the momentum factor and AV IX; is the first
difference of VIX. Regression (2) controls for the Fama-French and momentum factors while
regression (3) accounts for Ang et al (2006) findings, i.e., stocks with higher sensitivity to the
innovations in VIX earn on average higher returns. Each month, we estimate g”"“™ from one
of the above regressions using individual stocks and then we sort these stocks into quintiles
based on their 57"“""’s. For each quintile, we compute the value-weighted average of monthly
returns over the next month.

The results are reported in Table 7. We use all the stocks reported in CRSP daily stock

file. For each quintile, we report, the mean, the standard deviation and the alphas from

13The estimation of the daily implied equity premium is described in the Appendix. The regressions are
based on daily estimates of the one-month ahead implied equity premium.
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the CAPM and the 4-factor Carhart model (see Carhart (1997)) using the full sample of
monthly returns. The results clearly show a monotonically increasing pattern: as expected,
stocks with higher 57" consistently earn higher returns. This pattern is observed for the
average excess returns and the alphas from the CAPM and the 4-factor Carhart model. The
monthly spread between average excess returns on the top quintile and average excess returns

Prem is estimated from regressions

on the bottom quintile is around 1% per month when
(1) and (3) and equals 0.46% per month when 57" is estimated from regression (2). We
note also that, the spread in the alphas is very close to the spread in excess mean returns,
although stocks with low 57"“™ have negative alphas and stocks with high 57"“™ have positive
alphas. In all the cases, the spread is significant at 10% level, even after controlling for the
Fama-French and the momentum factors. In addition, Panel C of table 7 shows that our
results are not explained by the exposure to the innovations in the VIX. Overall, the results

reported in Table 7 are consistent with the findings of Jagannathan and Wang (1996).

7 Conclusion

The literature on the predictability of stock market returns has mainly focused on either
macro-economic or stock market variables. In this paper, we explore a different avenue and
demonstrate that option markets offer valuable information content that helps predict stock
market returns, and also explains the cross-sectional variability among stocks. We propose
a novel approach to estimating the implied equity premium that hinges on the following
rather intuitive idea. Since the expected excess return on any derivative asset is determined
by the price of risk of priced factors, then it is possible to estimate the equity premium using
expected excess returns on the appropriate derivatives and without imposing any functional
form on the pricing kernel.

The information content of our measure of implied equity premium is then assessed
through a set of time series and cross-sectional tests. Our empirical findings show that the
implied equity premium outperforms the main predictor variables used in previous studies in
forecasting stock market returns. At the cross-sectional level, the high-minus-low premium
beta (i.e., the sensitivity of stocks to the implied equity premium) portfolio has a positive
and significant alpha. This result is consistent with the conditional CAPM.

Although we focus on stock market risk premia, our approach could be applied to estimate
expected returns on individual stocks using equity option data. Admittedly, the lack of
liquidity in individual equity options compared to index options could impact the estimation
results. Other potential applications may include other derivative markets such as interest-
rate derivatives. We could for instance extract the expected excess return on bonds from

bond options.
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Appendix A: Proof of Propositions 1 and 2

Proof of Proposition 1. By It6’s lemma, the dynamic for a derivative F} is

dFF = (ag + (VyFEY p[Y, 1] +%I‘ [Y,,t] VL FIT [Yt,t}’> dt + (Vy FF) T Y, t] dW,,

(37)
where Vy FF is an N x 1 vector with [Vy FF]; = %zéc and V3 FF is an N x N matrix with
(VY FF.; = %, y" = [Y]; is the i element of Y = [ S X' |. By the no arbitrage
assumption, F} satisfies the following PDE

OF} ' 1 )
—t + (VYFtk) (I"l’ [Yt7 t] -T [th t] A [Yt7 t]) VYFtk+§F [Yt7 t] VQYFth [Yt7 t] - TtFtk =0.

ot
(38)
Replacing in equation (37) gives

dF} — r Ffdt = ((VYFf)/ LY, ] A[Y, t]) dt+ (VyFF) T[Y, ]dW,.  (39)
Using a vector representation for Fy= (F}, ..., FN), we have
dFt - 'f’tFtdt == (VYFtF [Yt, t] A [Yt, t]) dt + VYFtF [Yt, t} th, (40)

881;;. Let A; be the price of any derivative

where VyF, is an N x N matrix with [VyFy;; =
asset and consider a strategy with a vector of weights on the basic derivative assets z =
Vy A4, (VyF,)™", then we have

dZFt — TtZFtdt == dVYA; (VYFt)il Ft — TtVYA; (VYFt)il Ftdt (41)
Using equation (40), we obtain

dzF, — rzFudt = (Vv A, (VyFy) " VyFI Y4, ) A [Y,,1]) dt
+Vy A, (VyF) ' VyF,L [Y,, t] dW,
= (VYA [Y, )XY, t]) dt + Vy AT [Y,, t] dW,, (42)

which gives
dFtZ - TtFtZdt = dAt — TtAtdt. (43)

The equation above shows that we can replicate any derivative A; with the basic derivative

assets which proves proposition 1, i.e., the basic derivative assets complete the market. m
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Proof of Proposition 2. Denote m; the equity premium

mo= B =l Xt - (- )
— (o [Yo ) A[Y. 1. m

where the second equality follows from the no arbitrage assumption that constrains the drift
of any asset under Q to be equal to risk-free rate minus the dividend yield, i.e., u [S;, Xy, t] —

(oY, t]) X[Y,t] = (r, — q;). Taking the expectation of equation (40) gives
Ey [dFy] — rFdt = (T [Y, t] N [Y4, t] VY Fy) dt. (45)
Given that VyF is invertible, we can deduce the vector of risk premia, denoted IT[Y, 1],
IL[Y, 1] = T[Yy, t] A[Yy, t] = (E [dFy] /dt — r.Fy) (VYFt)_l . (46)
Taking the first element in IT[Yy, t], we have.

Sy (o [Y, ) MY, t] = Zwtk PldF}] Jdt —rFF)

(el ) e

where wy , = [(VYFt)_l] L Using equations (47) and (44), we obtain Proposition 2

=S5 (o (77| =) =

|
Appendix B: Implied Equity Premium in a Three-Factor Model

Assume that the dynamic for the underlying stock price S; is given by

ds
B Sk )+ (S D)W (49)
t
and
dr; = 0}(S;,xf,x2)dt +n; (S, xf, 22)dWay, (50)
de? = 0%(S,, xl,x2)dt + n2(S,, xl, 22)dWs,, (51)

where z; and z7 the two factors that determine the value of any derivative in addition to
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the underlying stock price S;, and Wy, W5, and W3, are three Brownian motion processes
that could be correlated. Applying equation (5) for N = 3 and using the quadratic, the
upside quadratic and the cubic contracts as basic derivatives, we can infer the discrete-time

expression for the implied equity premium as follows

- Si1— S
T4l = Ef [%] + Qa1 — Tt
t
1 1
+wt,1§ (Ef Vis1] = Vil + reep)) + Wr2g (B [Wit1) = Wi(1+ 741))
t t
1
+Wt,3§ (Etp [Uia] — Ue(1 + Tt:t+1)) : (52)
t
The weights are determined by the inverse of the Jacobian matrix of the basic derivative
assets h
1
Wi = 53
t1 = av; Vit + an Vihy + an h3 (53)
rewrite wy,; as follows
1 1
Wel = avt awth /‘Wth n 8Uth /avt
1
= v, M, (54)
s
1 o e . .
where m,; = ) D Dy 2 Similarly, w; o is given by
h
YT R, oW, 0T, (55)
which can be rewritten as follows
1 1
w fry
t,2 %%\gh /aWth2+1+aUth /BWth
1
= v M2t (56)
S
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1

where m
2,t 3Vt hl/awt h2+1+8Ut h3/ ast h2

Finally w; 5 is given by

W3 = 8Vt hl + 3Wth + aUth
B 1 1
% %\gh /8Uth3 + 8Wth2/8Uth + 1
1
= E(l — mLt — mQ’t). (57)
ES
For the last equality, we can verify that
1
1—mys—moy = 1— 1—}-8th /8\/th1+aUth /8Vf
1
8‘/th /aWth2 T aUth /8Wt
1
- awt (58)

ihy/90ths + Blthy/%thy + 1

Therefore the implied equity premium for a three-factor model is

~ 1 1
Mgl = Mita7 = 3‘/ S (Etp Vi) = V(1 + Tt:t+1)) + aV S ( (Wi — Wi (1 + Tt:t+1))
t t
1
+(1—may — mQ’t)W (B! [Upia] = Us(1 4 76441)) - (59)
s 't

Appendix C: Prices and Deltas

Based on the results of Bakshi and Madan (2000) and Carr and Madan (2001), the price
(i.e., the risk-neutral expectation) of any contingent claim expiring at time ¢ + 7 and with a
twice differentiable payoff function, v, (S;y.), can be inferred from a portfolio of OTM call

and put options as follows

F, = EP e (Ser)] = (WF(Sy) — Sbk(Sh)) e+ + ¢k(Sy)S,

o St
+ [ Wh(F)Ct+ 1, K)dK + | Whg(K)P(tt + 7, K)dK. (60)
St 0

The delta can be proxied as a portfolio of OTM option deltas

OF 9 — Sk (S)) e 4 R (S,)S
a_St - EtQ [efm:tq-fwk(st#r)] _ {( th( ;;S)’ ws( t) t}
o0 aC(t.t+7. K OP(t.t+ 7. K
T G faci UL LS ) Y Vo L LA S ) )
St aS 0 85
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Using the above equation, we deduce the price of the quadratic V' expiring next period

=2 (1~ (%))
‘/; — EtQ |:€—Tt:t+1R?+1] :/S e C(t,t+ 1,K)dK

t

+/0 2(1+[1(I;(?t))P(t,t+1,K)dK. (62)

Vv,
and its delta 59

QE.::L/m2<1_in<§>>acaj+_LK3dK
S,

S ! K2 S
52 (141 (5))aP(t,t + 1, K)
+ /0 e 55 P(t,t+1,K)dK. (63)

The price of the cubic contract W expiring next period is

=0 (8) -3 ()

W, = EtQ [e_m:Hleﬂ] :/S K2

_/St61n(5t)+31n(K) Plt.t + 1. KK, (64)

K2

and its delta 8Wt is given by

oW, /°° 6ln (s%) —3ln (?)zao(t,w 1,K)
S,

5 t K? os "
Se6In (5) +3In (8)* 0P(t,t + 1, K)
_ /0 = LIS (65)

Finally, the price of the upside quadratic contract U expiring next period is

_ Q[ —ret+1 D2 I — (1_111 (St>>C K)dK
Ui = E; [6 Ry {Rt+1>0}j| /s K2 (t,t+1,K) (66)
and its delta is aUt proxied by
08 S, K? 85

Appendix D: Data, Variables, and Estimation
We use the implied volatility of S&P 500 index options reported in OptionMetrics. We
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filter out options: (i) that violate no-arbitrage conditions, (ii) with zero volume or zero open-
interest, (iii) that have missing or extreme implied volatility > 2 or < 0.01 and (iv) with
zero bid price.

We present the details for the computation of the integral of the following general form

on a given day t for a horizon 7

YEG(K; 1)C(tt + 7, K)dK. (68)

St
We first estimate the implied volatility surface using all the options available on the
considered day and then convert them to option prices which in turn are used to deduce the
price of the quadratic, the upside quadratic and the cubic contracts. We follow the procedure
used by OptionMetrics and estimate the implied volatility, denoted IV;(A, 1), for a given

level of delta A and a horizon 7 , using a smoothing kernel technique

Mz

(voluy,) IV (Ap, 1) Py

n=1
V(A7) = ~ , (69)
Z volu,) @
n=1
where ®, = #exp {_log(;’;l/ Lo (Ag;f)Q} and volu,, is the option trading volume and

N is number of call options available on the day in question. We fix hy = 0.05 and hy =
0.005. We compute the implied volatility for OTM call options for different level of delta
A =0.02%,0.04%, ..., 0.48%, 0.5%, for a total of 25 implied volatilities. The "implied" strike
prices are deduced from the deltas by inverting the Black-Scholes formula for the delta

K; = Syexp { =N} (Ay) x I(A, TIWVT + (r = (IV(8;, 1)) (2T} (70)

We then use implied volatilities and implied strike prices as inputs in the Black-Scholes
formula in order to obtain call option prices. For the risk-free rate— another input in the
Black-Scholes formula—, we use the zero coupon yield curve reported in OptionMetrics and
use linear interpolation to obtain the rate for the appropriate maturity. Then we follow
Duan and Wei (2009) and approximate the integral in equation (68) using call option prices

computed as described above

wgS(KJ)C(t> L+, KJ) +
25
D [ks(K;0)C(tt+ 7, K1) + s (KOt + 7, K)] (K — Kjoa). (71)

Jj=2

Since the estimation of the integral is based on OTM options, we were careful to discard

28



the estimated option price if the implied strike is lower than the underlying asset value. We
follow the same procedure for the integral involving put options. The procedure described
above allows to standardize the number of options used each period and ensures that we
have the same number for call and put options to compute the respective integrals.

The integral in the delta involving call options

S oC(tt+7 K
o) 2LE TR (72)
St
is approximated by
(KA, +
25
D W (K- Ay + s (KA (K, — Kjy). (73)

Jj=2

where the "implied strike" K is given by equation (70) and is computed for each level of
delta A; = 0.02%,0.04%, ...,0.48%, 0.5%. The integral in the delta involving put options is
approximated in the same way.

The estimation of the monthly implied equity premium requires the computation of the
risk-neutral expectations for one month horizon and the deltas at a monthly frequency.
Therefore, we compute the risk-neutral expectations and the deltas as described above using
data on the last business day of the month.

The results in section 6 are based on the estimation of the implied equity premium for
one-month horizon at a daily frequency, which requires estimates of physical and risk-neutral
expectations at a daily frequency. We estimate the risk-neutral expectations (for one month
horizon) in each day as described above. For the daily physical moments, we use Leén, Rubio
and Serna, (2005) model

Ry = ag + hymy; my ~ N(0,1), (74)
and
h = Bo+ Brhu—1(n_y + Bs)* + Bohu-t, (75)
S¢ = Vot V17I§71 + V2Si-1, (76)
ke = 0o+ 61miq + doki1, (77)

where h;, s; and k; are the conditional volatility, skewness and kurtosis, respectively. The
one-day ahead physical second and third moments are E;[R} ;] = hyy + of and Ey R} ] =
st+1hffl + 3ao(hir1 + a@) — 2a3, respectively. Since we only need the second and third
moments, therefore to reduce the number of parameters and facilitate the estimation, we

impose the following constraints: 6y = 3, 6; = 0 and d, = 0. In other words, we constraint
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the conditional kurtosis to be equal to 3. The parameters of the model are estimated using
a maximum likelihood method. To account for possible time-variation in the model parame-
ters, we re-estimate the model each year using a one-year window of daily returns to obtain
the time series of one-day ahead moments. Since we estimate the implied equity premium
at a daily frequency but for one-month horizon, we multiply the one-day ahead moments by
21 and use them as proxy for the one-month ahead moments.

Finally, to estimate the weights w; ; and w2 (i.e., m;) for each day, we run the regression

given by equation (25) using a rolling window of 21 days.
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Figure 1: Implied Equity Premia

The figure plots the time series for the implied equity premium for one-month horizon. The top panel shows
the unconstrained estimates while in the middle panel we constrain to implied equity premium to be positive.
We also plot the time series for the S&P 500 index value (bottom panel). The sample period is from January
1996 through October 2010.
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Table 1: Descriptive Statistics

The table summarizes the descriptive statistics for the implied equity premium (panel A) and the correlation
matrix between the implied equity premium and future and current market returns, Ry, (panel B). The mean
and the standard deviation are reported in monthly percentage. p(1) is the first order autocorrelation and
%Neg is the percentage of negative equity premium estimates. Significant correlations at 5% level are in
boldface. The sample period is from January 1996 through October 2010.

Panel A: Implied Equity Premium

Ttpt1 Tt:t+1
(unconstrained)  (constrained)

Mean 2.21 2.71
Std 3.34 1.96
Skew -2.24 0.89
Kurt 11.60 4.08
p(1) 0.26 0.06
% Neg 11.80 0.00
Panel B: Correlation Matrix
Tet+1 Tet+1 Ry Ry
(unconstrained)  (constrained)
Tt+1 (constrained) 0.79
Ry 0.01 -0.22
Ri 0.18 0.17 0.10
Riyo 0.33 0.27 -0.05 0.11
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Table 2: Predictive Regressions for Stock Market Returns
We run the following predictive regression for different horizons k
Riy1:4k = Co+ C1Tpt41 + CoTi—1:0 + vtk

where R4k = 2 [log(Rip1 +1) + ... + log(Riqp, + 1)] is the annualized k-month excess return. The
implied equity premium 7¢.;y1 is based on the month ¢ information set, while the lagged implied equity
premium 7¢_1.; is based on the month ¢ — 1 information set. The results for the unconstrained (constrained)
equity premium are reported in Panel A (Panel B). Hodrick t—statistics robust to serial correlation and
heteroskedasticity are reported in parentheses. The sample period is from January 1996 through October
2010.

Panel A: Unconstrained Panel B :Constrained
k 1 3 6 12 24 1 3 6 12 24
Multivariate Regressions
Constant -0.14 -0.11 -0.04 0.00 -0.02 -0.31 -0.26 -0.15 -0.05 -0.05
(-1.98) (-1.53) (-0.63) (0.05) (-0.58) (-3.07) (-3.00) (-1.98) (-0.94) (-1.18)
b1 0.14 0.25 0.12 0.01 0.01 0.37 0.44 0.27 0.09 0.07
(0.95) (2.95) (1.63) (0.19)  (0.66) (L.77)  (3.63) (3.12) (1.64) (1.51)
Mo 1.t 0.44 0.18 0.05 -0.01 0.01 0.63 0.40 0.21 0.08 0.04
(2.60) (1.71) (0.74) (-0.35)  (0.52) (2.87)  (3.35) (2.31) (1.50) (1.04)
Adj R? 10.75 15.13 3.51 -1.15 -1.14 8.62 16.54 8.88 1.06 0.44
Univariate Regressions
Constant -0.06 -0.07 -0.03 0.00 -0.02 -0.13 -0.14 -0.09 -0.03 -0.04
(-0.97) (-1.27) (-0.55) (-0.01) (-0.51) (-1.62) (-2.33) (-1.55) (-0.62) (-0.94)
Tl 0.26 0.30 0.13 0.00 0.01 0.43 0.47 0.28 0.10 0.07
(1.82) (2.86) (1.48) (0.08) (0.65) (2.04) (3.69) (3.10) (1.63) (1.49)
Adj R? 2.64 11.55 3.46 -0.60 -0.53 2.54 9.74 5.85 0.73 0.60
Constant -0.11 -0.06 -0.02 0.00 -0.02 -0.20 -0.13 -0.07 -0.03 -0.03
(-1.75)  (-0.98) (-0.33)  (0.08) (-0.50) (-2.38) (-2.12) (-1.23) (-0.56) (-0.78)
Te 14 0.47 0.25 0.08 -0.01 0.01 0.66 0.44 0.23 0.09 0.05
(2.96) (2.04) (0.95) (-0.24) (0.55) (3.04) (3.44) (2.40) (1.51) (1.07)
Adj R? 10.35 7.60 1.07 -0.55 -0.58 6.78 8.13 3.81 0.49 -0.08
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Table 3: Predictability in Subsamples

We split our sample in two sub-periods 1996-2003 and 2004-2010 and run the following predictive regression
for different horizons k

~VW ~VW
Rit14k = co+ 1Typpq + 2Ty 14 + €t

where Ryy1.41k = % log(Riy1 + 1) + .... + log(Rsy + 1)] is the annualized k—month excess return. The
implied equity premium 741 is based on the month ¢ information set, while the lagged implied equity
premium 741 is based on the month ¢ — 1 information set. The results for the unconstrained (constrained)
equity premium are reported in Panel A (Panel B). Hodrick t—statistics robust to serial correlation and
heteroskedasticity are reported in parentheses. The sample period is from January 1996 through October
2010.

Panel A: Unconstrained Panel B :Constrained
k 1 3 6 12 24 1 3 6 12 24
1996-2003
Constant -0.13 -0.07 -0.04 0.00 0.00 -0.20 -0.14 -0.09 -0.02 -0.01
(-1.22) (-0.72) (-0.55)  (0.03) (-0.01) (-1.62) (-1.36) (-0.95) (-0.34) (-0.26)
Tl 0.09 0.15 0.13 0.03 0.02 0.24 0.22 0.19 0.06 0.05
(0.65) (1.52) (1.76) (0.82)  (1.09) (1.01)  (1.89) (2.09) (1.13) (1.65)
M1 0.45 0.18 0.12 0.03 0.01 0.42 0.27 0.15 0.07 0.02
(1.90) (1.53) (1.61) (0.88)  (0.57) (1.72)  (2.05) (1.59) (1.15) (0.80)
Adj R? 6.91 5.30 6.32 -1.12 -1.66 2.39 5.28 4.99 -0.47 -1.24
2004-2010
Constant -0.15 -0.13 -0.05 -0.01 -0.05 -0.47 -0.43 -0.22 -0.08 -0.06
(-1.56) (-1.39) (-0.55) (-0.17) (-0.91) (-2.67) (-2.86) (-1.78) (-0.89) (-1.02)
Tppt1 0.22 0.39 0.14 0.00 -0.04 0.57 0.85 0.39 0.12 0.02
(0.71)  (2.60) (1.24) (-0.07) (-1.90) (1.35)  (3.20) (2.36) (1.46) (0.46)
Te_1.t 0.38 0.11 -0.04 -0.08 -0.02 0.98 0.58 0.29 0.07 -0.01
(1.33)  (0.59) (-0.33) (-1.34) (-0.89) (2.30) (2.61) (1.59) (1.10) (-0.18)
Adj R? 13.74 25.50 0.53 -0.37 -2.10 18.74 36.25 10.80 -0.91 -3.60

38



Table 4: Predictability and Alternative Implied Equity Premium Estimates

We run the following predictive regression for different horizons k

Rif1.44k = Co + C1Tgp41 + CoTi—1:¢ + E¢tk,

where Ryy1.40k = % [log(Rit1 + 1) + .... + log(Rs i + 1)] is the annualized k—month excess return. The

implied equity premium 741 is based on the month ¢ information set, while the lagged implied equity

premium 7;_1.; is based on the month ¢ — 1 information set. In Panel A, the equity premium is extracted

from the quadratic, the upside quadratic and the cubic contracts using a three-factor model. In Panel B, the

equity premium is extracted from the quadratic and the upside quadratic contracts using a two-factor model.

Finally, in Panel C, the equity premium is extracted from the cubic and the upside quadratic contracts using

a two-factor model. Hodrick t—statistics robust to serial correlation and heteroskedasticity are reported in

parentheses. The sample period is from January 1996 through October 2010.

Unconstrained Constrained
k 1 3 6 12 24 1 3 6 12 24
Panel A: 3-factor model- using quadratic, cubic and upside quadratic contracts
Constant -0.08 -0.05 -0.02 0.00 -0.03 -0.19 -0.11 -0.08 -0.03 -0.04
(-1.31)  (-0.89) (-0.41) (-0.09) (-0.81) (-2.26) (-1.40) (-1.18) (-0.52) (-0.93)
Tl 0.20 0.19 0.10 0.02 0.04 0.35 0.24 0.17 0.06 0.05
(L.71)  (2.61) (1.65) (0.62) (1.79) (2.68) (2.41) (2.40) (1.23) (1.43)
Te_1.t 0.20 0.09 0.02 0.00 0.04 0.31 0.15 0.10 0.04 0.03
(1.68)  (1.01) (0.38)  (0.00) (1.97) (1.84)  (1.44) (1.41) (0.77)  (0.97)
Adj R? 7.51 10.76 3.59 -0.82 1.42 4.75 4.39 3.69 -0.11 0.15
Panel B: 2-factor model- using quadratic and upside quadratic contracts
Constant -0.13 -0.10 -0.05 -0.01 -0.03 -0.28 -0.24 -0.15 -0.08 -0.08
(-1.91) (-1.49) (-0.75) (-0.17) (-0.79) (-2.87) (-2.76) (-2.09) (-1.35) (-1.67)
Ttt1 0.21 0.28 0.15 0.03 0.04 0.44 0.46 0.30 0.15 0.13
(1.26)  (2.89) (1.90) (0.76) (1.72) (1.91)  (3.41)  (3.26)  (2.54)  (2.65)
Te 1. 0.44 0.21 0.08 0.01 0.04 0.58 0.42 0.25 0.14 0.10
(2.43) (1.88) (1.07) (0.26)  (1.71) (2.44) (3.14) (2.60) (2.28) (2.39)
Adj R? 10.38 15.01 5.41 -0.71 0.50 7.07 15.22 10.30 4.19 5.12
Panel C: 2-factor model- using cubic and upside quadratic contracts
Constant -0.16 -0.13 -0.05 0.00 -0.02 -0.21 -0.16 -0.06 -0.01 -0.04
(-2.24) (-2.33) (-0.96) (0.03) (-0.62) (-2.68) (-2.57) (-1.20) (-0.19) (-1.00)
Tl 0.08 0.33 0.12 0.00 0.02 0.08 0.41 0.16 0.03 0.07
(041)  (3.24) (1.75) (0.02)  (0.77) (0.28) (2.94) (1.84) (0.44) (1.60)
Te_1.t 0.68 0.31 0.11 0.00 0.01 0.82 0.28 0.12 0.01 0.03
(3.08) (2.93) (1.62) (-0.04)  (0.40) (3.01) (2.13) (1.27) (0.12) (0.77)
Adj R? 8.05 9.64 1.30 -1.23 -1.12 7.12 8.33 1.52 -1.13 -0.16
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Table 5: Predictability and Control Variables

We run a regression of the following type

Rifii4k = Co+ CiTt41 + CoTe—1:t + 02 + €44,

where Ryy1.445 = 22 [log(Ri1 + 1) + ... + log(Ry4x + 1)] is the annualized k-month excess return and %Xt‘j{l
is the equity premium extracted from the quadratic and the cubic contracts. %Xtv_tl is based on the month ¢
information set, while 7} '}, is is based on the month t—1 information set. Z; is one of the following predictor
variables: Book-to-Market Ratio (b/m), Net Equity Expansion (ntis), Dividend Yield (d/y), Earnings Price
Ratio (e/p), Dividend Price Ratio (d/p), Default Yield Spread (dfy), Dividend Payout Ratio (d/e), and
Long Term Rate of Returns (ltr). We focus on, monthly and quarterly horizons. The results for the
unconstrained (constrained) equity premium are reported in Panel A (Panel B). Hodrick t—statistics robust
to serial correlation and heteroskedasticity are reported in parentheses. The sample period is from January
1996 through October 2010.

Zy b/m ntis d/y e/p d/p dfy d/e ltr

Panel A:Unconstrained

Monthly Horizon
Constant -0.30 -0.14 0.64 -0.09 0.60 -0.26 -0.07 -0.16
(-1.70) (-1.95) (1.89) (-0.34) (1.70) (-2.40) (-0.61) (-2.10)

Frr 015 013 017 015 016 017 015  0.16
(1.02)  (0.89) (1.11) (0.97) (1.10) (1.10) (1.01)  (1.04)
R 046 042 046 044 046 050 045 045
(2.72)  (246) (2.72) (2.60) (2.74) (2.95) (2.70) (2.63)
Z 062 164 020 002 019 1079 009  1.62
(0.94)  (0.59) (2.37) (0.17) (217) (1.27) (0.84)  (0.97)
Adj R? 10.85 1059 11.95 10.28 11.78 11.53  10.89  11.01

Quarterly Horizon
Constant -0.30 -0.11 0.58 -0.16 0.55 -0.21 -0.03 -0.11
(-1.95) (-1.53) (1.79) (-0.66) (1.69) (-2.19) (-0.23) (-1.57)

Frt 027 022 028 026 028 028 026  0.26
(3.13)  (2.66) (3.17) (2.90) (3.17) (3.17) (3.02)  (2.97)
Fro1u 021 016 020 018 020 023 020  0.18
(2.00) (1.45) (1.91) (L71) (1.95) (2.38) (1.96) (1.72)
Z 077 314 017 -002 017 907 011  -0.02
(1.30)  (1.15) (2:22) (-0.20) (2.13) (1.22) (1.12) (-0.02)
Adj R? 16.95 17.95 1815  14.69 17.92 17.03 17.06  14.64
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Table 5 — Continued

Z b/m ntis d/y e/p d/p dfy d/e ltr
Panel B: Constrained
Monthly Horizon
Constant -0.40 -0.32 0.33 0.13 0.25 -0.30 -0.36 -0.33
(-2.05) (-3.01) (0.92) (0.45) (0.67) (-2.52) (-2.08) (-3.09)
Ttt1 0.40 0.36 0.42 0.47 0.41 0.40 0.41 0.39
(1.83) (1.70) (1.94) (2.05) (1.90) (1.84) (1.84) (1.82)
Ti—1:t 0.65 0.61 0.66 0.71 0.66 0.64 0.65 0.64
(2.95) (2.78) (2.98) (3.04) (3.00) (2.89) (2.87) (2.90)
Zy 0.30 2.35 0.16 0.15 0.14 -1.97 -0.04 0.88
(0.46) (0.85) (1.88) (1.51) (1.60) (-0.23) (-0.35) (0.54)
Adj R? 8.47 9.03 9.53 9.79 9.26 8.38 8.45 8.55
Quarterly Horizon
constant -0.42 -0.26 0.34 0.00 0.29 -0.27 -0.26 -0.27
(-2.46) (-2.96) (0.98) (0.01) (0.80) (-2.63) (-1.65) (-3.03)
Ttt1 0.47 0.41 0.49 0.51 0.48 0.46 0.46 0.46
(3.69) (3.46) (3.82) (3.67) (3.77) (3.60) (3.37) (3.63)
Ti_1:t 0.43 0.37 0.43 0.46 0.44 0.41 0.41 0.41
(3.62) (3.12) (3.55) (3.20) (3.60) (3.46) (3.01) (3.36)
Zy 0.57 3.52 0.16 0.09 0.14 0.23 0.01 -0.59
(0.91) (1.30) (1.87) (1.03) (1.67) (0.03) (0.07) (-0.72)
Adj R? 17.86 2091 1948 18.03 19.00 16.55 16.56 16.81
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Table 6: Out of Sample Predictions for One-Month Horizon

We compute the out-of-sample R? (OOS R?) defined below for one-month horizon

T N2
£ (n-7)
2 o t=tU
B=l-m—

> (R~ T)

t=to
where the forecast value from the monthly regression below, ]th, and the historical mean, R;, are computed
recursively using data from the beginning of the sample through time ¢ — 1

Ry =cy+cP,_| +¢y,

where P}_, is the vector of predictor variables. For the predictor variables, we consider the implied equity
premium (constrained and unconstrained), the set of variables used in Table 5, and the second and third
moment spreads, denoted SV;.¢41 and SWy.4y1, respectively. For the starting date of the forecast period %,
we try 2000, 2002 and 2004. For comparison, we also report the in-sample R? (IS) for the forecast period.
R?s are reported in percentage. The sample period is from January 1996 through October 2010.

Forecasts begin in 2000 2002 2004

Predictor Variables Py IS 00S IS 00§ IS 00S
Ti441, Ti—1:¢ (unconstrained) 14.13 8.71 19.19 14.12 13.74 11.02
T4, Te—1.¢ (constrained) 15.81 8.98 20.56  14.40 18.74  15.54
b/m -0.24 -3.92 -0.97 -8.66 -1.26 -3.00
ntis 0.64 -2.29 1.13 -0.14 3.81 1.58
d/y 1.10 -0.99 -0.17  -4.82 -0.94 -7.78
e/p -0.76 -3.92 -0.83  -6.81 -0.13 -15.20
d/p 0.33 -2.17 -0.84 -6.79 -1.26  -10.10
dfy -0.74 -3.08 -0.52 -3.05 -1.10 -2.04
d/e -0.47 -8.35 -0.81 -8.58 -0.64 -10.14
Itr -0.34  -1.49 -0.19  -1.73 0.79 -1.83
SVitt1 6.35 3.34 7.95 4.06 10.60 5.83
SVieir, Vi1t 845 -7.97 1029 -11.87  10.24 -25.07
SViea1 -0.26 -6.88 0.02 -9.85 0.21 -13.19
SWitg1, SWi_14 -0.04 -11.74 -0.12  -17.80 0.30 -22.38
SVitr1, S Wit 6.94 -1.07 8.62 -0.03 12.03 0.48

SV, SV, SWii1, SWi_1.4 13.30 -29.81 15.85 -39.35 14.19  -57.54
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Table 7: The Cross-Section of Stock Returns

We sort stocks into quintiles based on their lagged sensitivity to the implied equity premium, denoted 8™,
Each month, we estimate 87"°"* from one of the following regressions using daily observations

1. (Panel A): Ry —r = o+ B™M(Ry™ — 7) 4+ g2 x, V| + e,
2. (Panel B): Ry —7r = a+ ™ (R —p) 4 gHMLRHML 4 gSMB pSME 4 gMom pMom 4 gpremz /W, 4,

3. (Panel C): Ry —r = o+ B M (Ry* — ) 4 grremay Wy + BVIXAVIX, + ¢,

For each quintile, we compute the value-weighted average return over the next month to obtain monthly times
series. We report the mean and the standard deviation of these time series in monthly percentage. Alpha—
CAPM is from the regression of the monthly time series on the market returns using the full sample and
Alpha—Carhart is from the regression of these monthly time series on the Fama-French and the momentum
factors. The last column reports cross-sectional (value-weighted) averages of SP"™ (used to rank stocks)
averaged through the entire sample. The t—statistics are reported in parentheses. The sample period is from
January 1996 through October 2010.

Mean Std Alpha- Alpha- g™
CAPM Carhart

Panel A
1. low 0.06 7.08 -0.53 -0.49 -0.96
2 0.39 493 -0.04 -0.02 -0.30
3 0.51 4.29 0.13 0.09 0.01
4 0.56 4.81 0.14 0.10 0.33
5. high 095 6.97 0.39 0.49 1.01
5-1 0.88 5.21 0.93 0.97
(2.23) (2.35) (2.52)
Panel B
1. low 0.16 6.72 -0.42 -0.38 -1.07
2 0.33 477  -0.09 -0.12 -0.34
3 0.55 4.41 0.16 0.18 0.01
4 0.67 4.78 0.25 0.21 0.35
5. high 0.62 6.53 0.07 0.15 1.09
5-1 046  3.35 0.49 0.52
(1.82) (1.90) (2.00)
Panel C
1. low 0.08 733 -0.57 -0.51 -1.02
2 0.25 4.87 -0.09 -0.12 -0.32
3 0.47 4.21 0.18 0.20 0.01
4 0.50 4.76 0.17 0.12 0.35
5. high 094 7.09 0.50 0.61 1.06
5-1 1.02  5.54 1.06 1.12
(2.33) (2.43) (2.58)
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