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i Introduction

Option implied volatility, such as the Chicago Board Option Exchange’s VIX index, is widely
viewed by investors as the market gauge of fear (Whaley, 2000).! In related academic re-
search, the di erence between the implied and expected volatilities has been interpreted as
an indicator of the representative agent’s risk aversion (Rosenberg and Engle, 2002; Bakshi
and Madan, 2006; Bollerslev, Gibson, and Zhou, 2008). An alternative interpretation is that
the implied-expected variance di erence, as a proxy for variance risk premium, is due to the
macroeconomic uncertainty risk (Bollerslev, Tauchen, and Zhou, 2009; Drechsler and Yaron,
2008).

Such an approach relies on the non-standard recursive utility framework of Epstein and
Zin (1991) and Weil (1989), such that the consumption uncertainty risk commands a time-
varying risk premium. This method follows the spirit of the long-run risks (LRR) models as
pioneered by Bansal and Yaron (2004), but focuses on the stochastic consumption volatility
as a primary source of financial market risk premia. As demonstrated by Beeler and Campbell
(2009), the more recently calibration setting of the long-run risk model in Bansal, Kiku,
and Yaron (2007) emphasizes more on the persistent volatility channel as opposed to the
persistent long-run growth channel. However, the approach taken here completely shuts
down the long-run risk channel.

This paper demonstrates that the di erence between implied and expected variances,
as a measure for variance risk premium, provides a significant predictability for short-run
equity returns, bond returns, forward premiums, and credit spreads. The documented return
predictability peaks around one month horizon across these markets, and then dies out as
the forecasting horizon increases. More importantly, such a short-term forecastability of
financial market risk premia is complementary to the usual established predictor—P/E ratio,
forward rate, interest rate di erential, and short rate level; in that when combined together,

the statistical significance of the variance risk premium proxy is rather increased, instead

'In the final quarter of 2008, the VIX index has closed above 50 percent for almost twelve weeks and
peaked around 90 percent. As reported by the Wall Street Journal on November 12, 2008, if market volatility
continues to remain above 50 percent for just over five weeks, it would have surpassed the Great Depression;
and such a high volatility signifies all those unknowns that are a greater cloud of what we call Uncertainty.
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of being crowded out by the standard prediction variable. This constitutes an important
evidence that risk premia across major financial markets comove in short-term, and such a
common component seems to be predictable by the variance risk premium, as measured by
the implied-expected variance di erence.

This type of common short-run risk factor may be a proxy for stochastic economic uncer-
tainty or consumption volatility risk that varies independently with the consumption growth
rate—the latter being the main focus of the long-run risk models (Bansal and Yaron, 2004).
These empirical results may be consistent with a self-contained general equilibrium model
incorporating the e ects of such a time-varying economic uncertainty, where the uncertainty
risk is priced only under the recursive utility function. Calibration evidence shows that the
short-run predictability of equity and bond markets can be qualitatively replicated as in
Bollerslev, Tauchen, and Zhou (2009), although the magnitude of predictability from the
calibration exercise falls short of what one can achieve with the empirical data. Extensions
to currency and credit markets are also plausible for explaining the short-run predictability
in these asset prices.

There is a fundamental link between the notion of volatility risk premium implied from



Under such a framework, the variance risk premium embedded in financial markets must be
positive, as high risk should be compensated by high return. Also under such a framework,
the di erence between implied and realized variances has the same sign as the variance
risk premium embedded in the underlying assets; and both load on the same risk factor—
stochastic consumption volatility. In other words, the variance risk premium under the
model of stochastic macroeconomic uncertainty must be positive by construction, and this
is completely consistent with the negative volatility risk premium implied from the option
prices.

Economic uncertainty and its impact on asset pricing can be examined with other tech-
niques under the recursive preference structure. Bansal and Shaliastovich (2008a) introduce
learning and information uncertainty into the long-run risk model, such that endogenously
asset returns requires a compensation for jump risks. Chen and Pakos (2008) model the
endowment growth rate as a Markov switching process with a constant volatility, where
learning brings about an endogenous uncertainty premium. On the other hand, Drechsler
(2008) applies the Knightian uncertainty about model misspecification with realistic asset
dynamics to explain the observed option pricing puzzles. Lettau, Ludvigson, and Wachter
(2008) use a Markov switching learning model to describe the long swing changes in con-
stant consumption volatility—Great Moderation—and to draw implications for the declining
equity risk premiums.?

In contrast, the approach taken here shuts down the the long-run component in consump-
tion growth, and attributes the higher order time-variation in financial market risk premia
to the stochastic economic uncertainty as a priced fundamental risk factor. This paper at-
tempts to model the economic uncertainty as a rich consumption volatility dynamics and
relies on the insight that derivative prices can be used to pin down the underlying economic
uncertainty.

The rest of the paper will be organized as the following, the next section defines the

variance risk premium and describe its empirical measurement; Section 3 presents the main

ZP4stor and Stambaugh (2009) use the uncertainties of expected future and current returns to argue that
long-run stock returns are indeed more volatile.



empirical evidence of the short-run predictability on implied-expected variance di erence for
risk premia on equity, bond, currency, and credit markets; the following section discusses
the general equilibrium model of stochastic economic uncertainty and provides calibration

implications for the short-run asset predictability puzzles; and Section 5 concludes.

» Variance Risk Premium and Empirical Measurement

The central empirical finding of this paper is that market risk premia have a common short-
run component—variance risk premium—that is not directly observable. However, an empir-
ical proxy can be constructed from the di erence between model-free option-implied variance

and the conditional expectation of model-free realized variance.

» 1 Variance Risk Premium D& nition and Measurement

To formally define the procedure in quantifying the model-free implied variance, let Ct(T,L')
denote the price of a European call option maturing at time T with strike price &7, and
B(t,T) denote the price of a time , zero-coupon bond maturing at time T AS shown by
Carr and Madan (1998), Demeterfi, Derman, Kamal, and Zou (1999) and Britten-Jones and
Neuberger (2000), the market’s risk-neutral expectation of the return variance between time
" and 1 conditional on time ' information, or the implied variance . V.1+1, may then be

expressed in a “model-free” fashion as the following portfolio of European calls,

Sy Ot t + 17 B(tI;rl) - Ct (t*ky)
Vi1 = EZ(Var,.,) = 2 / ( : ) dE

> 0 e )

which relies on an ever increasing number of calls with strikes spanning zero to infinity.?
This equation follows directly from the classical result in Breeden and Litzenberger
(1978), that the second derivative of the option call price with respect to strike equals
the risk-neutral density, such that all risk neutral moments payo can be replicated by the
basic option prices (Bakshi and Madan, 2000). In practice, of course, . V. ++1 must be con-

structed on the basis of a finite number of strikes. Fortunately, even with relatively few

3Such a characterization abstracts from the realistic economic environment that allows for (1) lumpy
dividend payment, (2) stochastic interest rate, (3) underlying asset jumps, and (4) limited number and range
of option strikes—discretization and truncation errors. See Jiang and Tian (2005) for detailed discussions.
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di erent option strikes this tend to provide a fairly accurate approximation to the true (un-
observed) risk-neutral expectation of the future market variance, and, in particular, a much
better approximation than the one based on inversion of the standard Black-Scholes formula
with close to at-the-money option(s) (Jiang and Tian, 2005; Carr and Wu, 2008; Bollerslev,
Gibson, and Zhou, 2008).

In order to define the measure in quantifying the actual return variation, let p, denote
the logarithmic price of the asset. The realized variance over the discrete , to , + 1 time

interval may then be measured in a “model-free” fashion by

n 2

PVt,tJrl = Z |:pt+% - pt+% - Vart,tJrla (2)
) =

where the convergence relies on n — oo; i.e., an increasing number of within period price
observations. As demonstrated in the literature (see, e.g., Andersen, Bollerslev, Diebold,
and Ebens, 2001; Barndor -Nielsen and Shephard, 2002; Meddahi, 2002), this “model-free”
realized variance measure based on high-frequency intraday data a ords much more accurate
ex-post observations of the true (unobserved) return variation than do the more traditional
sample variances based on daily or coarser frequency returns. In practice, various market
microstructure frictions invariably limit the highest sampling frequency that may be used in
reliably estimating th,t+1-

The variance risk premium is defined as the di erence between the ex-ante risk neutral

expectation of the future return variance and the objective or statistical expectation of the

return variance over the [t=t + 1] time interval,
4 th = EtQ (Vari 1) — El (Var;;11), )

which is not directly observable in empirical exercises. To construct an empirical proxy
for such a variance risk premium concept (3), one need to estimate various reduced-form

counterparts of the risk neutral and physical expectations,
— ~Q ~P
%4 ZDPt = Et (Va.rt’t_‘_l) — Et (Val‘t7t+1) . (4)

In practice, the risk-neutral expectation E? (Var ;1) is commonly replaced by the CBOE

implied variance or VIX? and the true variance Var, ., is replaced by its discretized realiza-
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tion th’t“' Such an approach is advocated in Bollerslev and Zhou (2006), but the method
for cdnstructing the physical expectation Ef (+) is not unique in the literature.

One approach is to estimate a reduced-form multi-frequency auto-regression with po-
tentially multiple lags for Ef(P%7t+1) (Bollerslev, Tauchen, and Zhou, 2009). Of course,
for estimating more specific strﬁctural jump-di usion processes, one could use the model-
implied objective expectation (Todorov, 2009). To test some specific hypotheses that the
variance risk premium should explain risk premia variations across financial markets, one
could substitute the conditional expectation Ef(P%Hl) with various forecasted value or
even just the ex post realization (Drechsler and Yaron, 2008). For forecasting purposes only,
an alternative approach is to use time-; realized variance th‘” (Bollerslev, Tauchen, and
Zhou, 2009), which ensures that the variance risk premiumAproxy for predicting various risk
premia is in the time , information set and would be a correct choice if the realized variance
process were unit-root. However, such an empirical model-free proxy has a disadvantage of
not being guaranteed to be positive. Finally, one could just use a moving average estimate
of Ef ( zth,,gﬂ), say with a twelve lag, such that no parameters need to be estimated and
that thé predictor variable is within the current information set. When presenting the em-
pirical findings, I will focus on the method that uses the twelve lag auto-regressive estimate
of Ef ( th¢+1), similar to the one used in Bollerslev, Tauchen, and Zhou (2009), while the

results based on other methods are available upon request.

» » Data Description and Summary Statistics

For the option-implied variance or risk-neutral expectation of return variance, | use the
monthly data for the Chicago Board of Options Exchange (CBOE) volatility index VIX2.
The VIX index is based on the highly liquid S&P500 index options along with the “model-
free” approach discussed above explicitly tailored to replicate the risk-neutral variance of a

fixed 30-day maturity.*



the VIX has arguably emerged as the industry standard. Thus, in order to facilitate replica-
tion and comparison with other studies, we purposely rely on the readily available squared
VIX index as our measure for the risk-neutral expected variance.

The intraday data for the S&P500 composite index used in the construction of our
“model-free” th measure is provided by the Institute of Financial Markets. Note that a host
of practical mérket microstructure features, including price discreteness, bid-ask spreads, and
non-synchronous trading e ects, imply that the underlying semi-martingale assumption for
the returns is violated at the very highest sampling frequencies. Following the literature,
we base our monthly realized variance measure for the S&P500 on the summation of the 78
within day five-minute squared returns covering the normal trading hours from 9:30am to
4:00pm plus the close-to-open overnight return.® For a typical month with 22 trading days,
this leaves us with a total of n = 22 x 78 = 1,716 “five-minute” returns.

In addition to the variance risk premium, we consider a set of four market risk premium
measures with some traditional predictor variables. Specifically, we obtain monthly P/E
ratios and index returns for the S&P500 directly from Standard & Poor’s, bond returns
and forward rates from the monthly CRSP Fama-Bliss data set of 1 to 6 month maturi-
ties, forward implied interest rate di erentials and spot exchange rates of major currencies
(Euro/USD, JPY/USD, GBP/USD) from Bloomberg, and Moody’s AAA and BAA corpo-
rate bond spreads with Fama-Bliss risk-free interest rate (CRSP). The empirical analysis
here is based on the sample period from January 1990 through December 2008, when the
new VIX index based on S&P500 index becomes available, except for the exchange rates
where the starting date is January 1999 when the Euro came into existence.

To give a visual illustration, Figure 1 plots the monthly time series of variance risk
premium, implied variance, and realized variance.® The variance risk premium proxy is
moderately high during 1990 and 2001 recessions, and much higher around 1997-1998 Asia-
Russia-LTCM crisis and 2002-2003 corporate accounting scandals. The huge spike of the

5 A number of studies, using the volatility signature plot first proposed by Andersen, Bollerslev, Diebold,
and Labys (2000), suggest that for highly liquid assets, such as the S&P500 index analyzed here, a five-minute
sampling frequency provides a reasonable choice (see, e.g., the discussion in Hansen and Lunde, 2006).

6The data series of implied variance (end-of-the-month observation) and realized variance (summation
over the month) can be downloaded from http://sites.google.com/site/haozhouspersonalhomepage/.
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variance risk premium during October 2008 actually leads to an equity market bottom around
March 2009. As shown by the empirical results in following section, such a turmoil period in
e ect strengthens the (positive) forecastability of variance risk premium for various market
risk premia. Both implied and realized variance series show similar patterns, except that
the shot up of volatilities during October 2008 already surpasses the initial shock of October
1929 during the Great Depression.

Table 1 Panel A compares the summary statistics of di erent variance risk premium prox-
ies based on alternative ways to estimate the conditional expectation of realized variances,
which are similar but more comprehensive than those reported by Bollerslev and Zhou (2006)
and Drechsler and Yaron (2008). The mean level of variance risk premium is around 17 to
22 (in percentage-squared, not annualized) across five di erent estimates, with a standard
deviation around 22 to 28. Not surprisingly, the variance risk premiums based on current
and lagged realized variance have the highest kurtosis of 44 to 46, while the full sample
AR (12) estimate has the lowest of 17. Also noteworthy is that the variance risk premium
estimates based on raw current and lag realized variance has a skewness of -3, while others
are all positive skewed. The negative skewness is entirely driven by the one observation of
negative spike in October 2008 (Figure 2 upper two panels) and by not using the forecasted
realized variance in constructing the variance risk premium (Figure 2 lower two panels).
Finally the auto-regressive coe cient of order one is generally low between 0.26 and 0.76,
with the full sample AR (12) achieves the lowest value. Figure 2 shows the variance risk
premia based on other four estimates of the expected realized variance, where the recursive
AR(12) and MA(12) approaches both suggest that the variance risk premium had achieved
the unprecedented historical height during November 2008.

Basic summary statistics for the monthly returns and predictor variables are given in
Table 1 Panels B to E. The mean excess return on the S&P500 over the sample period
equals 4.65 percent annually, reflecting the significantly lowered market returns during the
2007-2008 financial crisis and economic downturn. The one month holding period returns
for 3-month and 6-month t-bills are 4.26 and 4.66 percent annualized, while the monthly

exchange returns are essentially zero for Euro, Pound, and Yen. Finally, the credit spread
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for Moody’s AAA rating is 1.25 percent and BAA 2.14 percent. The sample means for the
implied-realized variances is about 18.30 (in percentages squared). The numbers for the
traditional long-run forecasting variables—P/E ratio, forward rate, interest di erential, and
short rate—are all directly in line with those reported in previous studies. In particular, all
of these variables are highly persistent with first order autocorrelations ranging from 0.97 to
1.01. In contrast, the serial correlation in the variance risk premium proxy only equals 0.26.
As such, this alleviates one of the common concerns related to the use of highly persistent

predictor variables and the possibility of spurious or unbalanced regressions.”

Short Run Predictability Puzzles of Financial Assets

The di erence between implied and expected variances, or variance risk premium, provides
a significant predictability for equity returns, bond returns, forward premiums, and credit
spreads. The documented return predictability peaks around one month, and then dies out
as the forecasting horizon increases. More importantly, such a short-term forecastability is
complementary to the standard predictor variables—like P/E ratio, forward rate, interest
rate di erential, and short rate level; in that when combined together, the economic and
statistical significance of the variance risk premium proxy are preserved at least and most
often increased.

The forecasts are based on linear regressions of asset returns or spreads on a set of
lagged predictor variables, including the proxy for variance risk premium. Data are monthly
observations with horizons up to one or two years. All of the reported ,-statistics are based on
heteroskedasticity and serial correlation consistent standard errors (Newey and West, 1987).
The discussion focuses on the estimated slope coe cients and their statistical significance
as determined by the robust ,-statistics. The forecasts accuracy of the regressions are also

measured by the corresponding adjusted j’s. However, as previously noted, for the highly

"Inference issues related to the use of highly persistent predictor variables have been studied extensively
in the literature, see, e.g., Stambaugh (1999), Ferson, Sarkissian, and Simin (2003), Lewellen (2004), and
Campbell and Yogo (2006) and the references therein. Some studies, e.g., Boudoukh, Richardson, and
Whitelaw (2008) and Goyal and Welch (2003, 2008) have argued that the apparent predictability may be
attributed to using of strongly serially correlated predictor variables with or without overlapping data.



persistent predictor variables—not necessarily the case of variance risk premium—the 92’3
I

for the overlapping multi-period return regressions need to be interpreted with great caution

(Boudoukh, Richardson, and Whitelaw, 2008).
i Equity

Building on the the results reported in Bollerslev and Zhou (2007) and Bollerslev, Tauchen,
and Zhou (2009), here | focus on the regression of S&P500 returns on a long-run predictor—

P/E ratio and a short-run predictor—variance risk premium,

/t+h -

+
RO

L)V P o) g (RIE) + e (5)

where _r;,,, is the horizon-scaled market excess return and the horizon,_ goes out to 24
months. Both univariate and bivariate regressions results are reported.
Table 2 top row shows that the degree of predictability, o ered by the variance risk

premium V P, starts out fairly high at the monthly horizon with an g of 2.55 percent.

5
While the robust ,-statistic for testing the estimated slope coe cient associated with the
variance di erence V th greater than zero is the highest among all horizons at 3.28. The
quarterly return regreésion results in a impressive ,-statistic of 2.98 and achieves the highest
corresponding pQ of 5.86 percent. The ,-statistic remains marginally significant at the 18-
month horizon,.and then gradually taper o for longer return horizons.

On the other hand, as shown in the middle row in Table 2, the usual long-run predictor
log P,/ E; ratio starts out barely significant at 10 percent level from one to nine months, and

then from one year to two year it becomes marginally significant at 5 percent level, with

;-statistic -2.04 and 92 20.22 percent towards the end. Many of the empirical studies (see,

4

e.g., Campbell and Shiller, 1988; Lettau and Ludvigson, 2001; Ang and Bekaert, 2007, among
others) have argued that the degree of predictability a orded by the di erent valuation ratios
tend to be the strongest over longer multi-year horizons. However, the conventional ,-statistic
and/or the ;’s with highly persistent predictor variables and overlapping returns may by
construction increase proportionally with the return horizon and the length of the overlap.

Turning to the joint regressions reported in the bottom row of the Table 2, it is clear
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that combining the variance premium with the P/E ratio results in an even higher ; of

»

4.39 percent at monthly horizon, which is higher than the sum of two ;’s in the respe.ctive
univariate regressions. The t-statistics for v ppt and log P,/ E; are élso impressive, 2.88
and -1.85, respectively. The predictability of va}iance premium extends beyond the eighteen
month horizon and its significance remains above the 5 percent level. Intuitively, the variance
risk premium and the P/E ratio may jointly capture the important short-run and long-run
aspects of risk prices embedded in the equity returns. It may be helpful to view these results
through an angle of decomposing the long-run and short-run risk prices inside a dynamic
asset pricing model.

Taken as a whole, the results in Table 2 reveal a clear pattern in the degree of predictabil-
ity a orded by the variance risk premium with the largest ,-statistic occurring at the monthly
horizon. More specifically, the empirical estimates for all of the monthly horizons ranging
from one month to two years reported in Figure 3 show that the estimated slope coe cients
peak at one month horizon and ;’s peak around three month horizon, and then both decline
toward zero. Note that the 95 pércent standard error band is bounded bellow from zero up
to the horizon of 18 months. In Section 4, | will try to calibrate a consumption-based model

with time-varying volatility-of-volatility, to replicate such a striking pattern.

» Bond

The failure of the Expectations Hypothesis (EH) of interest rates can be best characterized as
that bond excess return, estimated from forward rates, is largely predictable and time-varying
countercyclically (Fama and Bliss, 1987).% This is conceptually equivalent to regressing bond
yield changes on yield spreads and producing a negative slope coe cient instead of unity

(Campbell and Shiller, 1991). Here I adopt the conventional forward rate setup but augment

8The forward rate regression is recently extended by Cochrane and Piazzesi (2005) to multiple forward
rates, by Ludvigson and Ng (2008) to incorporate extracted macroeconomic factors, and by Wright and
Zhou (2009) to augment with a realized jump risk measure. However, these studies use 2-5 year zero coupon
bonds with a one year holding period, where the variance risk premium variable has a zero forecasting power
of the bond risk premia.
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it with the variance risk premium variable,

BN O

GO VP O Uil ) =il + el ©

where - prit.,, is the excess holding period return of zero coupon bonds with hold period
.. = 1,2,3,4,5 month and maturity n = 2,3,4,5,6 month (in excess of the yield on a_ -
month zero coupon bond); f;_1(n —_ .. ) is the forward rate for a contract . -month ahead
with n —_ -month length; and y;_,( ) is the . -month zero coupon bond yield.?

As shown in Table 3, the variance risk premium can significantly forecast the one month
holding period excess returns of the two-six month Fama-Bliss t-bills, with a positive slope
coe cient—indicating positive variance risk premium in bond returns—around 0.006 to
0.013. Considering the average level of variance risk premium of 18.30, this magnitude
translates to an average bond risk premium induced by variance risk premia around 11 to
24 basis points. More importantly, the Newey-West ,-statistics are all well above the 1 per-
cent significance level, with an P? around 2.77 to 4.57 percent. Note that the variance risk
premium variable has a persisteﬁce level of 0.26 in terms of its AR(1) coe cient. Moving to
the two month holding period, the ,-ratios reduce to a marginal significance of 1.22 to 2.05,
and the ; decreases to 0.86 to 3.54 percent. The bond return predictability of variance risk
premiumh basically converges to zero as the holding period increase to three-five months.

As Table 4 indicates, the forward rate is indeed a powerful predictor for excess bond
returns for two-to-six month bonds with one-to-five month holding periods—,-statistics all
above 1 percent level and 92 between 2.65 and 36.08 percent. Another pattern is that the

¥

magnitudes of ,-statistics and 92 are generally higher at the one-month horizon and lower
¥

toward the five-month horizon. Overall, the predictability of forward spreads for short-term
bills are similar, if not stronger than those reported for long-term bonds (Fama and Bliss,

1987). One should be cautioned the forward rate has a very high degree of persistence level,

9Note that in the original Fama and Bliss (1987) regression of 2-5 year zero coupon bonds with 1-4 year
holding periods at a monthly sampling frequency, the forward spread f;(n —h, h) —y:(h) is at current month
t. But they suggested using the lagged forward spread to break the potential first order serial correlation in
the market microstructure error, which may artificially inflate the bond return predictability. Such a concern
is more relevant to our short-term return predictability regressions. The results based on the current forward
spread are similar and available upon request.
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with an AR(1) coe cient being 0.97 and 0.99 for the two- and five-month ahead forward
rate of one month length (see Table 1 Panel C).

More importantly, when variance risk premium is combined with forward rates, as shown
in Table 5, the predictability of the variance risk premium remains intact. This result
suggests that the variance di erence and forward spread are proxies for di erent components
in bond risk premia—with the forward rate proxing the “long-run” risk factor while the

variance di erence proxing the “short-run” risk factor.

Currency

Uncovered interest rate parity (UIP) predicts that the expected appreciation of the foreign
currency must equal the di erence between domestic and foreign interest rates; such that an
investor is indi erent between holding a domestic or a foreign bond. However, vast empirical
evidence since Fama (1984) have found exact the opposite—an increase in the domestic
interest rate corresponds rather a depreciation of the foreign currency.'® The UIP violation

is especially challenging at short horizons (Hodrick, 1987), a



may be driven by the near unit-root property of the interest rate di erential, with an AR(1)
coe cient ranging 0.98 to 1.01 (Panel D in Table 1); and by using overlapping data in
long-horizon regressions.

Turning our attention to the variance risk premium in the left column of Table 6, for both
Euro and GBP, the implied-expected variance di erence explains about 10 percent of total
variation at the monthly horizon, with a similar positive slope coe cient (3.35 and 3.03) and
a highly significantly ,-statistics (3.73 and 3.14). For JPY, the slope coe cient of variance
risk premium is negative but indi erent from zero, with essentially a zero explaining power
in term of the ;

Interestingly when combined with the interest rate di erential, the variance risk premium
variable is slightly more significant at one month horizon for Euro with ,-statistics being
4.59 and remains the same for GBP with ,-statistics being 3.11, while the interest rate
di erential still has no explaining power at most forecasting horizons. In essence, the strong
predictability from the variance risk premium for the Euro and GBP dissipates quickly as
the forecasting horizon increases, consistent with the result reported for equity and bond in
the earlier subsections.

Such a di erential pattern in short-run predictability of exchange rate from the US vari-
ance risk premium, for Euro and GBP versus JPY, may be interpreted later in Section
4 as missing an important explanatory variable—the variance risk premium of the foreign

markets.

4 Credit

The relatively large and time-varying credit spread on corporate bond has long been viewed
as an anomaly in the corporate finance literature (Jones, Mason, and Rosenfeld, 1984; Elton,
Gruber, Agrawal, and Mann, 2001; Huang and Huang, 2003). Here | provide some new
evidence that, in additional to the standard predictor namely the interest rate level (Longsta

and Schwartz, 1995), the variance risk premium proxy also helps to explain the short-run

movement in credit spreads.
CSyin = "q(,») + "L(.-) VPPt + ‘l2g(z)rf,t + ¢iing, (8)
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where the credit spread CS,.;, of_. month ahead is being forecasted by the short rate r,
and variance risk premium.

As shown in Table 7, short term interest rate is indeed a predominant predictor of the
future credit spread levels, with ,-statistics of -3.94 for investment grade (Moody’s AAA
rating) and -2.94 for speculative grade (Moody’s BAA rating). The adjusted PQ is around
32 percent, and the negative sign of the slope coe cient is consistent with the.risk-neutral
drift interpretation in Longsta and Schwartz (1995).!* Although the significance of the
short rate level extends to the six-month horizon, it is a very persistent variable with an
AR(1) coe cient of 0.99 (Panel E in Table 1).

Note that if we include the variance risk premium alone in the forecasting regressions, its

statistical significance is above 1 percent at one month horizon, with ,-statistic being 2.49






process d;,t 41 Tepresents time-varying economic uncertainty in consumption growth, with
the volatility-of-volatility process ¢; in e ect inducing an additional source of temporal vari-
ation in that uncertainty process. The time-variation in 4> ,., alone is only the one of
two components that drives the equity risk premium for the “consumption risk”; while the
time-variation ¢; is not only responsible for “uncertainty risk™ in equity risk premium, but
also constitutes the dominant source of bond, currency, and credit risk premia as explained
bellow.

The representative agent in the economy is equipped with Epstein-Zin-Weil recursive
preferences. Consequently, the logarithm of the intertemporal marginal rate of substitution

(IMRS),,A/ 11 = log(M;1), may be expressed as,

0
P =0 log o — /g1 + (0 — Ve, (12)
and
1_
0= 1 T (13)
%

where ) denotes the subjective discount factor, ¢ equals the intertemporal elasticity of
substitution, » refers to the coe cient of risk aversion, and r.;; is the timet to, + 1 return
on the consumption asset. We will maintain the key assumptions that » > 1, implying
that the agents are more risk averse than the log utility investor; and ¢ > 1, which in turn
implies that & < 0 and that agents prefer an earlier resolution of economic uncertainty. These
restrictions ensure, among other things, that uncertainty or volatility risk in asset markets
carries a positive risk premia.

Let -, denote the logarithm of the price-consumption or wealth-consumption ratio, of
the asset that pays the consumption endowment, {C;,,}3°,. The standard solution method
for finding the equilibrium in a model like the one defined above then consists in conjecturing

a solution for -, as an a ne function of the state variables, d;,t and ¢,
Wt = AO =+ Ao’ d;,t =+ AAqqt7 (14)

solving for the coe cients Ay, A, and A,, using the standard Campbell-Shiller approxi-

mation r;.1 = &g + &ywi1 — we + gip1. The resulting equilibrium solutions for the three
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coe cients may be expressed as,

logd + (L — L)jug + f0 + 51 [Asts + Age ]

= 15
" (11— #1) (15)
(1-4)
A S 1
7 20(1 — &4, ) (16)
1 = 1— k14— \/(1 — K1, g)* — 67 ”?1111’214(27 17
¢ 013 2 ' (17

The aforementioned restrictions that » > 1 and v ~ 1, hence § < 0, readily imply that
the impact coe cient associated with both of the volatility state variables are negative; i.e.,
A, <0and A, <O0.

So if consumption risk and uncertainty risk are high, the price-dividend ratio is low,
hence risk premia are high. This would be the case if the intertemporal elasticity of substi-
tution (IES) is bigger than one, when the intertemporal substitution e ect dominates the
wealth e ect. In response to high economic uncertainty risks, agents sell more assets, and
consequently the wealth-consumption ratio falls. In the standard power utility model, the

J
Y < 1, hence 6 > 0. Then these impact coe cients would be

restriction » > 1 implies
positive A, > 0 and A, > 0. Consequent the wealth e ect dominates the substitution e ect,
which implies the counterintuitive result that when economic uncertainty risks are high,

price-dividend ratio rises and risk premia are low.

4 » Variance Risk Premium Dynamics



In connection with existing literature on option-implied volatility risk premium (Heston,
1993; Bakshi and Kapadia, 2003), one can define the variance risk premium as the di erence
between risk-neutral and objective expectations of the return variance,

vV P

¥

EC (4011) —EC (4011)

0 —1)x, [AU + A ] (Ai + Ag,wz) ,w(ﬂ ¢ >0, (19)

Q

where the approximation comes from the fact that the model implied risk-neutral conditional
expectation E?(§7t+1) = E( 82141 My 1) Ey(My1)~" cannot computed in closed form, and a
log-linear approximation is applied E°( 42,,,) ~ log [e*"fvtEt (emf“*"im)] —3Var, (g,.1).
where 7, is the one period risk-free interest rate.

One key observation here is that any temporal variation in the endogenously generated
variance risk premium, is due solely to the volatility-of-volatility or economic uncertainty
risk, ¢;, but not the consumption growth risk, 4,.,, which is also reflected later on in other
risk premia. Moreover, provided that ¢ < 0, A, <0, and A, < 0, as would be implied by the
agents’ preference of an earlier resolution of economic uncertainty (intertemporal elasticity of
substitution—IES—Dbigger than one), this di erence between the risk-neutral and objective
expected variation is guaranteed to be positive. If », = 0, and therefore ¢, = ¢ is constant,
the variance premium reduces to, E?((ﬁm) - Ef(d,‘im) = (6 — 1)~ A,q, which, of course,
would also be constant. This reflects the classical result that in consumption-based asset
pricing model, if consumption volatility is constant, then variance risk premium is zero. Even
if consumption volatility is stochastic, as long as the volatility-of-volatility is constant, then
there would be no time-variation or unconditional skewness and kurtosis in the observed
variance risk premium.

Comparing the expression of variance risk premium in equation (19) to the expression
for the conditional variance in equation (18), suggests that the variance risk premium should
serve as an almost perfect measure of the elusive economic uncertainty risk, or ¢;, as ad-
vocated by the modeling framework adopte.d here. This motivates the approach based on
information from derivatives markets (or r?neasure information) for better estimating the

so-far elusive notion of economic uncertainty risk.

19



To more directly gauge how the variance risk premium dynamics can be generated in
the model proposed here, |1 use the calibration parameter setting in Bollerslev, Tauchen,
and Zhou (2009). In particular, the values for 6 = 0.997, » = 10, - 15, 1., = 0.0015,
and E( 4,) = 0.0078* are adapted from Bansal and Yaron (2004) to match the consumption
dynamics. Additionally, one fixes x; = 0.9, the persistence of the variance at , , = 0.978,
the persistence of the volatility-of-volatility at, , = 0.80, the expected volatility-of-volatility
at E(q) = +,(1 —, ))~" = 1x10.07°% and the volatility parameter of that process at ¢ =
1x10.073. The resulting equity risk premium is 7.79 percent and riskfree rate is 0.69 percent.

As shown in Table 8, the model-implied variance risk premium has a mean of 3.69 (per-
centage squared, not annualized) and a standard deviation of 6.47, which are much smaller
than the observed values of 18.30 and 22.69. On the other hand, the model produces very
realistic values in skewness of 2.82 and kurtosis of 14.92, which are very close to the observed
values of 2.79 and 16.62. Finally the model-implied persistence coe cient is somewhat high
at 0.80 as opposed to the low value of 0.26 reflected in the observed data. These results
are non-trivial in that the model parameters are only calibrated to match the consump-
tion dynamics and equity risk premiums, without targeting the variance risk premium in
the first place. More importantly, the evidence shows that a stochastic volatility-of-volatility
model can generate realistic skewness and kurtosis in variance risk premium, similar as those
generate in Drechsler and Yaron (2008), with common jumps in consumption growth and

consumption volatility.

4 Calibrating Equity Return Predictability

Given the solution of price-dividend ratio in this economy, one can solve for equity market

return from time , to, +1, as shown in Tauchen (2005),

_ 1 (1 - 7‘)2 2 .
Tt41 — — Iog o + _‘71/‘9 - 20 dg,t + (°‘.'"19 q 1)AC1Qt + (20)
dotZgir1 F A1 [Agzopir + Agwgzgril],
Of particular interest is the model-implied equity risk premium,
Ei(rep1) —rpe = ?dj,t + (1-10) H?(Aﬁ,wi + Ai)Qt > 0. (21)
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The premium is composed of two separate terms. The first term, ?dﬁ,n is compensating the
classic consumption risk term in consumption CAPM. The term doesn’t really represent a
genuine variance risk premium per se, however. Instead, it arises within the model as the
presence of time-varying volatility in e ect induces shifts in the market price of consumption
risk. The second term, (1 —6)x7(A2»2 + A2)q,, represents a true premium for volatility risk.
It is a confounding of a risk premium on shocks to economic uncertainty, 2,1, and shocks
to the volatility-of-uncertainty, z,,.;. As such it represents a fundamentally di erent source
of risk from that of the traditional consumption risk term.

The existence of the volatility or uncertainty risk premium depends crucially on the
dual assumptions of recursive utility, or 6 # 1, as uncertainty would otherwise not be a
priced factor; and time varying volatility-of-uncertainty, in the form of the ¢, process. This
additional source of uncertainty is absent in the model of Bansal and Yaron (2004). The

restrictions that » > 1 and ¥

~ 1 implies that the variance risk premium embedded in the
equity risk premium is always positive by construction, (1 — 0)x3(A2»2 + A2)q, > 0, as
more risk requires more return. And since the variance risk premium embedded in equity

returns loads on the same uncertainty risk factor in the variance risk premium, ¢



As these calibrations make clear, the simple stylized general equilibrium model can give
rise to quite sizable regression coe cients and return predictability. Importantly, the cal-
ibrations also reveal a general hump shape in the implied ; as a function of the return

I3

horizon. At an intuitive level, the variance risk premium on the right-hand-side of the



The equilibrium bond yield in this model is an a ne function of the state variables,

ye(n) = — .



E(g4,) = 0.0078? to E(4,) = 0.0025, and (3) unconditional volatility-of-volatility increases
from E(¢) = 1 x 10.07% to E(¢) = 6 x 10.07%. A material implication of these parameter
values is that the consumption volatility is increased from 2.7 percent to 17.3 percent, which
may be justified if one “leverages” up the dividend growth several times larger than the con-
sumption growth and removes the cointegration relationship between consumption growth
and dividend growth (Abel, 1999). For example, the dividend volatility is levered up to 5.96
times of the consumption volatility in Bansal, Kiku, and Yaron (2007).

Such a calibration parameter setting produces an equity premium of 6.05 percent, riskfree
rate 0.78 percent, and five-year real rate 0.48 percent. Figure (6) reports the empirically
estimated and model implied bond risk premiums for the two to six month t-bills for holding
one month. Since the bond risk premium inside the model is entirely driven by the uncer-
tainty risk factor ¢;, which is also fully loaded in the variance risk premium, the prediction
PQ should be one and hence is omitted in the figure. Empirically, the estimated bond risk
ﬁremium increases from 11 to 24 basis points from two to six month maturity, with a convex
shape at the short end. The calibrated model produces bond risk premium with a linear
shape and increasing from 5 to 23 basis points. So the matching of bond risk premia at the
long end is better than the short end.

One should be cautioned that such a result is achieved by levering up the dividend
volatility relative to consumption volatility. Alternatively one can impose exogenous or

endogenous inflation dynamics that the nominal term premium



currency for one period ahead can be shown as

Ei(st44) — 5t =A+B (dg,t - d;,t) +C (e — ) (25)

where s; is the log exchange rate—domestic currency over foreign currency, dg:; and ¢; are
the foreign consumption risk and uncertainty risk variables, and A, B, C are coe cients of
the underlying structural parameters (Zhou, 2008). Note that by construction B > 0 and
C >~ 0, which means a positive shock to domestic consumption volatility or volatility-of-
volatility in equilibrium, causes the dollar price of the foreign currency to fall immediately,
hence an expected appreciation of the foreign currency.

As such the result in equation (25) could potentially explain qualitatively the positive
slope coe cient in regressing the exchange rate on the US variance risk premium in Table
6, with the variance risk premium positively loads on the US uncertainty risk factor ¢;. This
would be the case for the Euro and Pound, if the US uncertainty risk factor ¢; dominates
its foreign counterpart ¢;—more volatile and persistent. On the other hand, the near zero
and insignificant slope coe cient found in regressing the Yen currency on the US variance
risk premium in Table 6, could potentially be explained by the dominance of the Japan
uncertainty risk factor ¢; over the US uncertainty risk factor ¢; in terms of variability and
persistence. A thorough empirical testing of such a model implication requires constructions
of the variance risk premium proxies in the European, British, and Japanese economies.
Given the evidence that consumption growth risk does explain the long-run variation in
currency risk premia (Lustig and Verdelhan, 2007), the extension to a richer consumption
volatility risk as examined here may help to explain the short-run variation in currency risk

premia.



type model as in Chen, Collin-Dufresne, and Goldstein (2008), and the credit spread CS of

a discount bond for a defaultable firm with T maturity can be shown as
1 -1
CSi(3) = ——log {1 — LGD x Normal [Normal (PD) + /\d\/ﬂ } , (26)
T

where LGD is the loss given default, PD is the real default probability, A is the market price
of asset risk, and 4 is the asset return volatility. All these important variables are constants
or deterministic in the original Merton model.

It is well known that such a simplified model cannot explain the high credit spread level
and its time variation (Huang and Huang, 2003). Many equilibrium structural approaches
(see, e.g., Chen, 2008; Bhamra, Kuehn, and Strebulaev, 2009, among others) can be viewed as
letting the real default probability PD;, to be time-varying and countercyclical, with possible
business cycle fluctuations of the firm’s refinancing decision or default barrier. It is also
possible to model the recovery rate or LGD, as a stochastic time-varying process to help
explain the credit spread puzzles. Chen, Collin-Dufresne, and Goldstein (2008) take a novel
approach to allow the market price of risk \; to be driven by a countercyclical risk aversion
factor in a habit persistence model (Campbell and Cochrane, 1999).

However, their conclusion that the long-run risk (LRR) model cannot adequately explain
the credit spread puzzle is not a surprise; because by construction the original Bansal and
Yaron (2004) model only has scholastic volatility but not stochastic volatility-of-volatility.
As shown above, the time variation in the economic uncertainty risk or ¢; is a dominant
driving force for the bond and currency risk premiums, and presumably also holds true
for the credit risk premium. This is equivalent to allow the asset return volatility 4 to
be countercyclical and depending on both the consumption risk and the uncertainty risk.
Such an extension may be supported by the preliminary evidence in Zhang, Zhou, and Zhu
(2009) that stochastic asset volatility can help structural models to explain the credit spread

puzzles.
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5 Conclusion

The implied-expected variance di erence can be viewed as a measure for the variance risk
premium. This paper provides consistent empirical evidence that the variance risk premium
can significantly predict short-run equity returns, bond returns, forward premiums, and
credit spreads. The documented return predictability peaks around one month and decline
with the forecasting horizon. Importantly, such a short-term forecastability of risk premia
is complementary to the established predictor—P/E ratio, forward rate, interest rate di er-
ential, and short rate level. This constitutes an important evidence that risk premia across
major financial markets co-vary in short-term, and such a comovement seems to be driven
by a common variance risk factor, measured by the implied-expected variance di erence.

Such a common short-run risk factor may be a proxy for the macroeconomic uncertainty
or consumption volatility risk that varies independently with the consumption growth risk—
the main focus of long-run risk models (Bansal and Yaron, 2004). The empirical results are
consistent with a general equilibrium model incorporating the e ects of such a time-varying
economic uncertainty component, where the uncertainty risk is priced only under the recur-
sive preference. The paper provides calibration evidence that the short-run predictability
of equity and bond markets can be qualitatively replicated by the model, although the ex-
tensions to currency and credit markets require additional variable construction and model
sophistication.

Although the stylized model examined here can provide qualitative justification of the
short-run predictability of major asset market returns from the variance risk premium vari-
able, it is not rich enough to simultaneously explain such e ects within a same parameter
setting. More importantly, to jointly interpret the long-run and short-run risk factors in
these markets, additional model sophistication is needed to quantitatively replicate various
predictability puzzles established in the literature. In addition, the short-run forecastability
of variance risk premium documented here as in the time-series domain need to be reconciled
with the cross-sectional evidence of asset market returns. We leave these challenging issues

for future research.
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Table | Summary statistics

The sample period extends from January 1990 to December 2008, except for exchange rates in
Panel D starting from January 1999 when Euro is created. All variables are reported in an-
nualized percentage form whenever appropriate. Panel A reports the variance risk premiums
using different methods for estimating the physical expectation of the realized variance: (1) ex
post realized variance, (2) lagged realized variance, (3) 12 month moving average, (4) recursive
AR(12) forecast, and (5) full sample AR(12) forecast. The series of implied variance (end-of-
the-month observation) and realized variance (summation over the month) are available from
http://sites.google.com/site/haozhouspersonalhomepage/. Panel B reports S&P500 mar-
ket returns, log price-earning ratio, with the variance risk premium. Panel C reports the Treasury
zero coupon bond with 1-6 month maturities. To conserve space, only the 1-month holding period
returns for 3- and 6-month t-bills and their matching 2- and 5-month forward rate are reported.
Panel D report the log exchange rate of Euro, Pound, and Yen against US Dollar; with their match-
ing interest rate differentials. Panel E reports the Moody’s AAA and BAA credit spread indices
with the US short rate level.

Panel A: Comparison of VRP, with different RV, forecasts

RV, RV,_1 MA(12) Recursive AR(12) Full Sample AR(12)
Summary Statistics
Mean 17.22  17.07 20.49 21.81 18.30
Std Dev 20.27  19.99 25.03 27.86 22.69
Skewness -3.12 -3.32 4.19 4.39 2.79
Kurtosis 44.20 46.41 27.51 34.15 16.62
AR(1) 0.28  0.29 0.66 0.76 0.26
Correlation Matrix
RV, 1.00 0.28 0.11 0.23 0.04
RV, 1.00 0.06 0.12 0.18
MA(12) 1.00 0.63 0.75
Recursive AR(12) 1.00 0.21
Full Sample AR(12) 1.00
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Panel B: Equity

re—rre VRP, log(P/Ey)
Summary Statistics
Mean 4.65 18.30 3.12
Std Dev 47.52 22.69 0.25
Skewness -0.64 2.79 0.48
Kurtosis 4.27 16.62 2.53
AR(1) -0.03 0.26 0.97
Correlation Matrix
TE—Tft 1.00 0.17 -0.14
VRP, 1.00 0.07
log(P;/Et) 1.00

Panel C: Treasury Bill

xhprt3+1 xhpr?H VRP,  fi(2,1) fi(5,1)

Summary Statistics

Mean 4.26 4.55 18.30 4.13 4.22

Std Dev 1.92 2.24 22.69 1.88 1.83
Skewness -0.10 -0.22 2.79 -0.15 -0.24
Kurtosis 2.45 3.91 16.62 2.45 2.42

AR(1) 0.90 0.72 0.26 0.97 0.99

Correlation Matrix

chprd., | 1.00 092 013 095  0.86
whpr, 1.00 018 080 081

VRP, .00 0.07 0.1
fi(2,1) .00 0.90
fi(5,1) 1.00
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Panel D: Foreign Exchange

AFEuro AGBP AJPY VRP, AlIRpuy.. AIRgep AIRjpy
Summary Statistics
Mean -1.55 1.06 -2.74  18.30 -0.07 1.54 -2.96
Std Dev | 30.59 26.63 60.00 22.69 1.43 1.22 1.68
Skewness | -0.03 0.71 -0.21 2.79 -0.01 0.04 -0.03
Kurtosis 3.01 5.38 2.30 16.62 1.54 1.65 1.67
AR(1) 0.33 0.33 -0.44 0.26 0.98 1.00 1.01
Correlation Matrix
AFEuro 1.00 0.75 0.17 0.13 -0.15 -0.15 -0.15
AGBP 1.00 0.10 0.04 0.03 -0.02 0.05
AJPY 1.00 0.22 0.11 0.04 -0.01
VRP, 1.00 0.11 0.07 0.05
AIREpyro 1.00 0.86 0.86
AIRgpp 1.00 0.94
AIR; py 1.00

Panel E: Credit Spread

AAA BAA VRP  ryy
Summary Statistics
Mean 1.25 2.14 18.30 4.24
Std Dev | 0.45 0.68 22.69 1.83
Skewness | 0.89 2.15  2.79 -0.20
Kurtosis | 3.18 10.50 16.62 2.37
AR(1) 098 1.05 026 0.99
Correlation Matrix
AAA 1.00 0.90 0.15 0.30

BAA 1.00 0.14 0.32
VRP 1.00  -0.09
Tft 1.00
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Table » Equity Returns, Variance Risk Premia, and P E ratios

The sample period extends from January 1990 to December 2008. All of the regressions are based
on monthly observations. Regression takes the form

T+ = bo(h) + bl(h) VR.Pt + bz(h) log (Pt/Et) + Ut_‘_h,t,

where the excess return horizon h goes out to 24 months. Robust t-statistics following Newey and
West (1987) are reported in parentheses. All variable definitions are identical to Table 1 Panel B.

Monthly Horizon 1 3 6 9 12 15 18 24
Constant -2.92 -2.02 0.79 2.09 3.02 2.88 3.63 4.12
(-0.54) (-0.43) (0.20) (0.53) (0.81) (0.76) (0.97) (1.07)
VRP, 0.43 0.35 0.21 0.16 0.12 0.13 0.08 0.05
(3.28)  (2.98) (2.40) (2.64) (3.00) (3.16) (1.95) (1.20)
Adj. R? (%) 2.55 5.86 4.55 3.37 2.21 2.95 1.18 0.16
Monthly Horizon 1 3 6 9 12 15 18 24
Constant 8297 7690 6945 6840 70.27  67.13 64.71  69.52
(2.08) (1.92) (1.85) (2.08) (2.43) (2.45) (2.31) (2.26)
log(P;/E}) -25.03 -23.22 -20.71 -20.26 -20.75 -19.73 -18.94 -20.45
(-1.91) (-1.77) (-1.67) (-1.85) (-2.14) (-2.16) (-2.05) (-2.04)
Adj. R? (%) 1.38 4.42 7.73 10.76 13.93  14.27  15.03  20.22
Monthly Horizon 1 3 6 9 12 15 18 24
Constant 83.89  Tr7.67 70.20 69.16 70.69 67.31 64.62  69.19
(1.88) (1.80) (1.77) (1.99) (2.33) (2.31) (2.21) (2.18)
log(P;/ Ey) -2793  -25.64 -22.31 -21.54 -21.70 -20.62 -19.49 -20.72
(-1.85) (-1.80) (-1.70) (-1.85) (-2.13) (-2.12) (-2.02) (-2.00)
VRP, 0.46 0.38 0.24 0.18 0.14 0.15 0.10 0.06
(2.88) (2.88) (2.55) (2.53) (3.06) (3.03) (2.13) (1.42)
Adj. R? (%) 4.39 11.35 13.59 15.55 17.46 1858  17.12  20.95
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Table

Bond Returns and Variance Risk Premia

The sample period extends from January 1990 to December 2008. All of the regressions are based on monthly
observations. Regression takes the form

ahprity, = bg(h) + b7(h) VRP, + ufpy,

where h = 1,2,3,4,5 month and n = 2,3, 4,5,6 month. Robust ¢-statistics following Newey and West (1987)

are reported in parentheses. All variable definitions are identical to Table 1 Panel C.

Holding Period

2 Month Bill

3 Month Bill

4 Month Bill

5 Month Bill

6 Month Bill

1 Month/Const. 0.33 0.47 0.43 0.60 0.62
(4.00) (5.66) (4.67) (5.35) (4.34)

VRP, 5.96e-3 5.59e-3 6.88e-3 9.85e-3 13.12e-3
(2.38) (2.33) (2.86) (2.76) (3.23)
Adj. R? 4.20 2.77 2.86 4.24 4.57
2 Months/Const. 0.25 0.30 0.37 0.46
(5.69) (5.69) (5.23) (4.53)

VRP, 1.76e-3 2.58e-3 4.26e-3 7.17e-3
(1.22) (2.05) (1.95) (2.03)
Adj. R? 0.86 1.34 2.23 3.54
3 Months/Const. 0.16 0.26 0.32
(4.97) (5.39) (4.23)

VRP, 1.28e-3 1.98e-3 3.70e-3
(1.19) (1.24) (1.42)
Adj. R? 0.70 0.93 1.59
4 Months/Const. 0.18 0.28
(5.74) (4.74)

VRP, 0.57e-3 0.84e-3
(0.50) (0.50)
Adj. R? -0.17 -0.22
5 Months/Const. 0.16
(4.31)

VRP, 0.44e-3
(0.38)
Adj. R? -0.28
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Table 4 Bond Returns and Lag Forward Rates

The sample period extends from January 1990 to December 2008. All of the regressions are based on monthly
observations. Regression takes the form

ehpri, = bg(h) + b3(h) [fioa(n—hh) —yra(B)] + uiipy

where h = 1,2,3,4,5 month and n = 2,3, 4,5,6 month. Robust ¢-statistics following Newey and West (1987)
are reported in parentheses. All variable definitions are identical to Table 1 Panel C.

Holding Period | 2 Month Bill 3 Month Bill 4 Month Bill 5 Month Bill 6 Month Bill
1 Month/Const. 0.02 0.03 0.02 0.04 0.05
(4.58) (5.68) (4.26) (4.09) (4.59)
Forward Spread 0.49 0.41 0.48 0.37 0.33
(7.99) (8.88) (6.32) (4.12) (3.80)
Adj. R? 23.62 36.08 24.91 11.59 7.95
2 Months/Const. 0.04 0.04 0.04 0.07
(5.53) (5.93) (3.83) (4.13)
Forward Spread 0.24 0.30 0.43 0.28
(3.16) (4.57) (4.87) (2.56)
Adj. R? 5.58 10.45 18.17 4.14
3 Months/Const. 0.03 0.05 0.06
(4.84) (4.53) (3.76)
Forward Spread 0.28 0.33 0.35
(4.15) (5.24) (3.21)
Adj. R? 9.03 11.63 7.71
4 Months/Const. 0.05 0.07
(5.36) (5.34)
Forward Spread 0.20 0.25
(3.21) (5.46)
Adj. R? 5.26 6.80
5 Months/Const. 0.05
(5.09)
Forward Spread 0.15
(2.65)
Adj. R? 2.65
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Table 5 Bond Returns, Variance Risk Premia and Lag Forward Rates

The sample period extends from January 1990 to December 2008. All of the regressions are based on monthly

observations. Regression takes the form

whpriy, = bg(h) + Y (h) VRP, + b3(h) [fi-a(n—h,h) —yea(R)] + wiyp

where h = 1,2, 3,4,5 month and n = 2,3,4,5,6 month. Robust t-statistics following Newey and West (1987)

are reported in parentheses. All variable definitions are identical to Table 1 Panel C.

Holding Period

2 Month Bill

3 Month Bill

4 Month Bill

5 Month Bill

6 Month Bill

1 Month/Const. 0.18 0.27 0.26 0.34 0.41
(3.62) (4.51) (3.17) (3.37) (3.13)
Forward Spread 0.44 0.39 0.42 0.40 0.34
(7.08) (7.99) (5.29) (4.79) (4.06)

VRP; 3.65e-3 5.04e-3 4.85e-3 9.23e-3 11.10e-3
(2.07) (3.02) (2.75) (2.99) (3.29)
Adj. R? 22.98 33.23 19.25 15.47 11.18
2 Months/Const. 0.20 0.22 0.22 0.29
(4.86) (4.52) (3.35) (3.08)
Forward Spread 0.23 0.28 0.46 0.40
(3.46) (4.84) (5.67) (3.34)

VRP; 1.25e-3 2.00e-3 3.11e-3 5.82e-3
(0.99) (1.92) (1.89) (2.11)
Adj. R? 5.82 9.80 19.11 10.86
3 Months/Const. 0.13 0.18 0.21
(4.31) (4.07) (2.86)
Forward Spread 0.22 0.35 0.42
(3.24) (5.98) (4.03)

VRP; 0.58e-3 1.37¢-3 2.85e-3
(0.67) (1.08) (1.28)
Adj. R? 6.51 12.27 10.55
4 Months/Const. 0.15 0.22
(4.85) (3.91)
Forward Spread 0.18 0.24
(3.38) (5.72)

VRP; 0.18e-3 0.52¢-3
(0.18) (0.33)
Adj. R? 4.13 5.25
5 Months/Const. 0.14
(3.88)
Forward Spread 0.12
(2.45)

VRP; 0.15e-3
(0.15)
Adj. R? 1.64
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[
Table ¢ Exchange Rates, Variance Risk Premia, and Interest Rate DJcerentials

The sample period extends from January 1999 to December 2008. All of the regressions are based on monthly
observations. Regression takes the form

sten — st = bo(h) + bi(h) VRP, + ba(h) [ye(h) — i (h)] + tigng,

where s; is the log exchange rate—domestic currency over foreign currency, while y;(h) and y; (k) are h-
period zero coupon bond yields home and abroad. Robust t-statistics following Newey and West (1987) are
reported in parentheses. All variable definitions are identical to Table 1 Panel D.

Euro | Const. VRP, Adj. R? | Const. 1wy, —y; Adj. R? | Const. VRP, wy;—y; Adj. R?

1M -0.68 3.35 9.48 -0.15 -0.26 1.31 -0.74 3.36 -0.33 12.08
(-2.74)  (3.73) (-0.55)  (-1.16) (-3.46)  (4.59) (-1.62)

3M | -0.62 1.31 -0.60 -0.47 -0.55 1.47 -0.75 1.74 -0.58 1.08
(-0.82)  (0.57) (-0.56)  (-0.74) (-0.92)  (0.79)  (-0.79)

6 M -1.39 0.32 -0.89 -1.59 -1.49 7.82 -1.83 1.55 -1.51 7.14
(-1.01)  (0.06) (-1.17)  (-1.21) (-1.25)  (0.34) (-1.22)

9M | -2.87 2.67 -0.61 -3.10 -2.80 18.98 -3.97 5.52 -2.89 19.52
(-1.64)  (0.35) (-1.84)  (-1.86) (-2.36)  (0.90)  (-1.98)

12M | -3.77 1.48 -0.88 -4.70 -4.05 26.15 -5.46 4.95 -4.12 26.13
(-1.63)  (0.15) (-2.26)  (-2.28) (-2.22)  (0.61)  (-2.36)

GBP | Const. VRP, Adj. R* | Const. y, —y; Adj. R* | Const. VRP, wy—y; Adj. R?

1M -0.41 3.03 10.34 -0.00 -0.04 -0.80 -0.45 2.13 0.07 3.25
(-1.92)  (3.14) (-0.01)  (-0.20) (-1.26) (3.11)  (0.30)

3 M -0.76 2.45 0.73 -0.07 -0.21 -0.35 -0.44 0.22 -0.22 0.41
(-1.28)  (1.59) (-0.07)  (-0.43) (-0.45) (1.63)  (1.63)

6 M -1.86 0.53 3.59 -0.15 -0.55 0.78 -1.04 0.54 -0.59 4.63
(-1.61)  (1.87) (-0.08)  (-0.59) (-0.57)  (1.95)  (-0.66)

9 M -2.61 0.62 2.72 -0.10 -1.05 2.83 -1.14 0.62 -1.06 5.85
(-1.57)  (1.38) (-0.04) (-0.78) (-0.45)  (1.45) (-0.81)

12M | -2.84 0.35 -0.08 -0.09 -1.58 5.17 -0.67 0.35 -1.58 5.15
(-1.41)  (0.72) (-0.03)  (-0.90) (-0.20)  (0.76)  (-0.90)

JPY | Const. VRP, Adj. R? | Const. y, —y; Adj. R? | Const. VRP, vy —y; Adj. R?

1M -0.20 -0.02 -0.85 -0.98 -0.26 -0.10 -1.00 0.01 -0.26 -0.96
(-0.60)  (-0.02) (-2.02)  (-1.67) (-1.54)  (0.06) (-1.62)

3 M 0.28 -0.42 1.42 -2.38 -0.63 1.79 -1.61 -0.40 -0.61 3.06
(0.41)  (-1.44) (-2.76)  (-1.91) (-1.71)  (-1.44) (-1.88)

6 M -0.37 -0.22 -0.55 -4.25 -1.13 5.33 -3.86 -0.24 -1.14 4.89
(-0.26)  (-0.93) (-2.77)  (-1.79) (-2.35)  (-1.26) (-1.82)

I M -0.04 -0.56 0.73 -6.58 -1.77 9.70 -5.61 -0.57 -1.77 10.57
(-0.02)  (-1.49) (-2.73)  (-1.99) (-2.08) (-1.68) (-2.02)

12M | -0.52 -0.30 -0.53 -8.02 -2.19 13.62 -7.48 -0.34 -2.20 13.34
(-0.20)  (-0.71) (-2.20)  (-1.82) (-1.89) (-0.86) (-1.85)
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Table _ Credit Spreads, Variance Risk Premia, and Interest Rates

The sample period extends from January 1999 to December 2008. All of the regressions are based on monthly
observations. Regression takes the form

Cst+h = bo(h) —|— bl(h) VRPt + bg(h) Tf,t —|— ut+h,t;

where the credit spread of h month ahead is being forecasted. Robust t-statistics following Newey and West
(1987) are reported in parentheses. All variable definitions are identical to Table 1 Panel E.

Moody’s AAA Bond Yield Spread Moody’s BAA Bond Yield Spread
Horizon | Constant — rg¢ VRP, Adj. R? | Constant 7y VRP, Adj. R?
1 Month 1.86 -0.14 32.68 3.06 -0.22 32.15
(10.56)  (-3.94) (8.18)  (-2.94)
1.17 4.68e-3 5.19 2.00 7.99¢-3 6.64
(11.19) (2.49) (14.21) (2.35)
1.78 -0.15  5.85e-3 41.13 2.93 -0.23  9.76e-3 42.37
(11.74)  (-4.59)  (4.26) (9.10)  (-3.53)  (3.77)
3 Months 1.77 -0.12 22.33 2.92 -0.18 21.83
(9.33)  (-3.11) (7.66)  (-2.52)
1.19 3.79¢-3 2.61 2.01 7.37e-3 4.52
(10.63) (1.84) (13.56) (2.08)
1.71 -0.13  5.24e-3 27.75 2.81 -0.19  9.58e-3 29.77
(10.00)  (-3.49) (3.09) (8.39) (-3.00) (2.87)
6 Months 1.66 -0.09 12.78 2.75 -0.14 12.32
(7.80) (-2.17) (6.92) (-1.93)
1.21 2.72e-3 0.93 2.08 3.93e-3 0.77
(10.37) (1.19) (12.31) (1.35)
1.61 -0.10  4.26e-3 15.71 2.69 -0.15  6.25e-3 14.95
(7.904)  (-243) (2.17) (7.08)  (-221) (2.28)
9 Months 1.53 -0.06 4.97 2.55 -0.09 5.00
(6.65) (-1.30) (6.59) (-1.35)
1.22 2.94e-3 1.17 2.07 5.15 1.64
(9.89) (1.29) (12.36) (1.48)
1.49 -0.07  3.90e-3 7.35 2.49 -0.10  6.67e-3 8.00
(6.71)  (-1.49)  (1.86) (6.92)  (-1.60) (1.85)
12 Months 1.37 -0.02 0.25 2.30 -0.03 0.23
(5.82)  (-0.45) (6.92)  (-0.57)
1.20 4.20e-3 2.85 2.06 5.49e-3 1.88
(9.66) (2.05) 11.49 (1.92)
1.33 -0.03  4.67e-3 3.78 2.24 -0.04  6.19e-3 2.67
(5.88) (-0.66)  (2.50) (7.22) (-0.80) (2.10)
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Tablegp Sample Observed and Model Implied Variance Risk Premium
5

The observed variance risk premium is based on the full sample AR(12) from Panel E of Table 1.
The model calibration adopts the parameter settings in Bollerslev, Tauchen, and Zhou (2009) with
§ = 0.997, v = 10, ¢ = 1.5, py = 0.0015, and E(o,) = 0.00782, which are adapted directly from
Bansal and Yaron (2004) to match consumption dynamics. Additionally, k; = 0.9, p, = 0.978,
pg = 0.80, ag(1 — py)~t =1 x10.07% ¢, = 1 x 10.073; which produces an equity premium 7.79
percent and a risk-free rate 0.69 percent.

Full Sample AR(12) Model-Implied
Mean 18.30 3.69
Std Dev 22.69 6.47
Skewness 2.79 2.82
Kurtosis 16.62 14.92
AR(1) 0.26 0.80
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Variance Risk Premium Using Full Sample AR(12)
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Figure ! Variance Risk Premium Implied and Realized Variances

This figure plots the variance risk premium or implied-expected variance difference (top panel), the
implied variance (middle panel), and the realized variance (bottom panel) for the S&P500 market
index from January 1990 to December 2008. The variance risk premium is based on the realized
variance forecast from a full sample AR(12). The shaded areas represent NBER recessions.
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Variance Risk Premium Using Ex—Post RV
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Figure » Variance Risk Premiums with Alternative Vi Forecasts
F

The figure plots the variance risk premium series constructed using alternative ways to forecast
the realized variance: (1) ex post RV;, (2) lagged RV;_1, (3) MA(12) estimate, and (4) recursive
AR(12) estimate. The shaded areas represent NBER recessions.
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Slope Coefficient for VRP and 95% Confidence Band
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Figure Estimated Slopes and r)z’s of Equity Returns on V Y
4 ¥

The figure shows the estimated slope coeflicients and pointwise 95 percent confidence intervals, along
with the corresponding R?’s from the regressions of the scaled h-period S&P500 excess returns on
the variance risk premium variable. All of the regressions are based on monthly observations from
January 1990 to December 2008.
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Slope Coefficient for VRP and 95% Confidence Bounds
0.025 T T T

0.02

0.015

0.01

0.005

Maturity of T-Bill

R-Squared for VRP (%)
45 T T T

25 | | |
2 3 4 5 6

Maturity of T-Bill

Figure 4 Estimated Slopes and ﬁf’s of » ¢ Month T bill Returns on V e
¥ ' 2

The figure shows the estimated slope coefficients in the regressions of excess returns of 2-6 months
t-bills over 1 month horizon on the variance risk premium variable. All of the regressions are based
on monthly observations from January 1990 to December 2008.
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Model-Implied Slope Coefficient
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Figure 5 Model Implied Slopes and 'f’s of Equity Return Regression on V e
k ;

The figure shows the population slope coefficients and R?’s from regressions of the scaled h-period
equity excess returns on the variance risk premium variable implied by the equilibrium model.
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Estimated Bond Risk Premia from VRP
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Model-Implied Bond Risk Premia from VRP
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Figure ¢ Estimated and Model Implied Bond Risk Premia from V '3Pt
g ¥
The figure shows the estimated bond risk premia from regressing 2-6 month zero coupon bond
excess returns on the variance risk premium variable (top panel) and the model-implied bond risk

premia of 2-6 month zero coupon bond due to the economic uncertainty risk factor ¢; (bottom
panel).
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