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Short-Run Bond Risk Premia

Abstract

In the short-run, bond risk premia exhibit pronounced spikes around major economic and
financial crises. In contrast, long-term bond risk premia feature cyclical swings. We empiri-
cally examine the predictability of the market variance risk premium—a proxy of economic
uncertainty—for bond risk premia and we show the strong predictive power for the one
month horizon that almost entirely disappears for horizons above one year. The variance
risk premium is largely orthogonal to well-established bond return predictors—forward rates,
jumps, yield curve factors, and macro variables. We rationalize our empirical findings in an
equilibrium model of uncertainty about consumption and inflation which is coupled with
recursive preferences. We show that the model can quantitatively explain the levels of bond
and variance risk premia as well as the predictive power of the variance risk premium while

jointly matching salient features of other asset prices.

JEL Classification Codes: G12, G13, G17, E43, E44.
Keywords: Variance risk premium, bond risk premia, expectations hypothesis, inflation dy-
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1 Introduction

The failure of the expectations hypothesis of the term structure of interest rates, first doc-
umented in Fama and Bliss (1987) and Campbell and Shiller (1991), has received unprece-
dented attention in both the empirical and theoretical academic literature over the past 20
years. In this paper, we first document the large and significant predictive power of the
variance risk premium, defined as the difference between the risk-neutral and statistical ex-
pectations of realized variance, for bond risk premia at short horizons especially one-month.
This short-run forecastability is orthogonal to the well documented long horizon predictabil-
ity from forward rates (Cochrane and Piazzesi, 2005), macro variables (Ludvigson and Ng,
2009), a hidden factor (Duffee, 2011), and jump risk (Wright and Zhou, 2009)." We then
posit an economy with time-varying uncertainty risk about real and nominal quantities cou-
pled with agents’ preferences for an early resolution of uncertainty and show that these
ingredients are enough to quantitatively explain the violation of the expectation hypothesis
while matching the moments of the variance risk premium, the equity premium, and risk-free

rate.

To capture this short-run uncertainty component of bond risk premia, we rely on the
market variance risk premium—or the difference between risk-neutral and objective expec-
tations of the return variation. Following the path of previous work, we proxy the risk
neutral expected variance by the popular VIX? index, which is termed as “market gauge of
fear” (Whaley, 2000). With high frequency intraday data of futures on the S&P 500, we use
heterogeneous autoregressive models of realized variance (HAR-RV model, see Corsi, 2009)
augmented by lags of implied variances (Drechsler and Yaron, 2011) for estimating the ob-
jective expectation of variance risk. Our average variance risk premium is 16.22 (percentage
squared monthly basis), well within the typical range of recent empirical estimates. More
importantly, our time-series of variance risk premium always remains positive, which makes

it a natural candidate measure for economic uncertainty or even stochastic risk aversion.

!Cieslak and Povala (2010) decompose long-term yields into a persistent component and cycles and find
that the cyclical component is a strong predictor encompassing several other ones. Huang and Shi (2010)
construct a single macro factor using a group lasso method and show that this factor almost doubles the R?
compared to Ludvigson and Ng (2009).



When using the variance risk premium to forecast bond excess returns, we find that for
2 to 6 month short term Treasury bills with 1 to 5 month holding periods, the estimated
coefficients for the variance risk premium are statistically significant. Adding the variance
risk premium to a regression with forward rates increases the R? by 6% for the 1 month
holding period for example. For longer holding periods, the increase in R? shrinks to 2%.
Moreover, the variance risk premium only has negligible forecasting power for 2 to 5 year
Treasury bonds with a 1 year holding period. We show that the short-run forecasting power
is robust to the inclusion of other well established bond risk premium predictors such as
forward rates, macro variables, a hidden factor, a cyclical component, and jump risk. While
these variables have previously been shown to predict bond risk premia for longer maturities,
they change little in the significance of the variance risk premium at shorter horizons and in

some cases even have zero predictive power.

The intuition for our empirical result becomes more evident when we look at the time
series of short term bond risk premia. Bond risk premia at short horizons exhibit pronounced
spikes around major economic and financial crises. This pattern is distinctly different from
the cyclical swings with a length of up to several years typically observed in long term bond
risk premia (see Fama and Bliss, 1987 and Cochrane and Piazzesi, 2005). Interestingly,
the variance risk premium exhibits a similar time-series behavior as short-term bonds: It
rises sharply before economic or financial crises and then drops again. On the other hand,
standard predictors like the CP factor display a strong cyclical behavior (see Koijen, Lustig,
Van Nieuwerburgh, 2010). The upshot is that short-term variation in bond risk premia
are related to economic uncertainty which are short-lived (see Bloom, 2009) rather than a

business cycle component which is more apparent in bond risk premia of longer maturities.

We propose a potential explanation for this short-run predictability in an economy with
time-varying economic uncertainty about real and nominal quantities, extending the real
uncertainty model of Bollerslev, Tauchen, and Zhou (2009).> In an economy with stochas-

tic inflation volatility but with only exogenous shocks, money neutrality holds and there

ZWu (2008), Hasseltoft (2010), and Doh (2010) study the long-run risk models for term structure with
both real and nominal uncertainty. However, they also rely on the small persistent growth component and
they do not examine predictability of the variance risk premium.



is no inflation risk premium except for the standard Jensen’s inequality term (see Zhou,
2010). In this model with endogenous inflation shocks, we derive a genuine inflation risk
premium through two channels. First, we introduce an endogenous stochastic volatility pro-
cess through the consumption growth channel. Second, we let the stochastic volatility process
be correlated with the consumption uncertainty channel. While the equilibrium model devel-
oped in this paper is related to the long run risk model of Bansal and Shaliastovich (2010),
we explicitly abstain from modeling the small persistent component in consumption growth
and inflation as done in their setup. In our model, we allow the volatility of volatility of
both inflation and consumption—or the economic uncertainty about these quantities—to
speak by themselves on how far the model can go to accommodate the observed level and

predictability in bond risk premia.

The key to matching the bond risk premium dynamics is through the calibration of
the inflation process, while leaving the choices of preference parameters and real economy
dynamics similar to existing studies (see, e.g., Bansal and Yaron, 2004; Bollerslev, Tauchen,
and Zhou, 2009). Our calibration exercise shows that an autonomous inflation process, with
or without stochastic volatility is not able to replicate the size of the bond risk premium.
Combining both a consumption growth channel and a uncertainty channel of non-neutral
inflation dynamics, leads to reasonable and rich bond risk premia. Indeed, our calibrated
numbers are only several basis points away from their empirical counterparts. We also show
that the model produces a reasonable equity premium and risk free rate but overshoots the
risk free rate volatility. While the higher order moments (kurtosis and skewness) of the
variance risk premium are fitted quite well, the average variance risk premium produced by
our model is slightly smaller than it empirical estimate. Finally, the predictive power of the
equity variance risk premium for bond risk premia is fitted remarkably well by our preferred

inflation uncertainty model.

Previous work has attempted to explain the failure of the expectations hypothesis through
the growth channel of consumption, e.g. Wachter (2006) (external habit), Bansal and Shalias-
tovich (2010) (long-run risk), Gabaix (2009) (rare disasters), Xiong and Yan (2010) (het-
erogeneous expectations), and Vayanos and Vila (2009) (preferred habitat). We argue that



adding the inflation uncertainty component can go a long way to fit salient features of asset
prices and bond risk premia in particular.® We also contribute to the growing macroeconomic
literature that emphasizes the quantitative importance of time-varying volatility in real and
nominal variables to understand the source of aggregate fluctuations, the evolution of the
economy, and policy analysis (see, e.g., Fernandez-Villaverde and Rubio-Ramirez, 2010).
Similarly, Bloom (2009) and Bloom, Floetotto, and Jaimovich (2010) show that higher eco-
nomic uncertainty, proxied by the VIX, decreases employment and output in near terms.
Our empirical finding and modeling approach are broadly consistent with the macroeco-

nomic uncertainty framework driven by real and nominal volatility dynamics.

The rest of the paper is organized as follows. Section 2 describes our data set and the
methods used to estimate the variance risk premium and provides empirical finding for the
bond return predictability of the variance risk premium. Section 3 presents a structural
model of inflation uncertainty with calibration evidence for risk premium dynamics. Section

4 concludes.

2 Empirical Analysis

In this section, we first discuss the data we use in our empirical analysis—short term bills
and long term bonds for calculating excess returns, macroeconomic financial variables for
replicating established return predictors, and high-frequency S&P500 futures and VIX index
for measuring realized and implied variances. Our variance risk premium estimate uses a
heterogeneous autoregressive forecasting equation of realized variances augmented by mul-

4 We then present evidence for the predictive power of the

tiple lags of implied variances.
variance risk premium for bond risk premia at the short and the long horizons. Here we
first run a set of univariate regressions using the variance risk premium as the sole predictor

variable and then control for other well established predictors. We estimate the coefficients

3Papers that study the impact of frictions in bond markets on bond returns include Greenwood and
Vayanos (2010) (bond supply) and Fontaine and Garcia (2010) (liquidity premium). Buraschi and Whelan
(2010) study the impact of dispersion in forecasts on economic quantities on bond returns and estimate
highly significant coeflicients.

4Additional information on data construction is deferred to a separate Appendix.
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using least squares and compute standard errors following Newey and West (1987) and Wei
and Wright (2010). The latter approach represents an extension of the well-known reverse

regression approach advocated by Hodrick (1992).

2.1 Data Description and Variance Risk Premium

Our data runs from January 1990 to September 2010. We use a monthly frequency through-

out this paper and thus have 249 observations available.

Treasury Data:
We use the Fama and Bliss discount bond database from CRSP to compute yields, returns,
and forward rates for two to five year bonds. Yields and returns are computed in logs. Yield
spreads and excess returns are constructed relative to the one year bond. We denote by
'r’g)l = pﬁfg” — pgT), the return on a 7 year bond with log price pgT). The excess bond return
is defined as:

(1) (1) (1)

TTiy =Teh — Y s

where yfl) is the one year yield. Similarly, we use the Fama Treasury Bill Structures from

CRSP to compute yields, returns and forward rates for two to six month T-bills with holding
periods one to five month respectively. From the Fama and Bliss discount bond data, we also
construct a tent-shaped factor from forward rates, the Cochrane and Piazzesi (2005) factor,
CP. Wright and Zhou (2009) document the strong predictive power of the mean jump size for
bond risk premia, and accordingly, we measure the 24-month rolling realized jump mean, J,
using five minute frequency data on the 30 year Treasury bond futures, under the assumption
that jumps are rare and large. Duffee (2011) estimates a five factor Gaussian model using
Treasury yields and extracts a latent factor, H, that is “hidden” from—or weakly spanned
by—the cross-section of yields but has bearing on excess bond returns. Cieslak and Povala
(2010) decompose bond yields into a persistent and cyclical components where the persistent
component is proxied by a discounted moving average of past core inflation. Similarly, we

construct a cyclical term premium factor by first running a contemporaneous regression from

yields on the persistent component and then running a predictive regression from bond excess



returns on the fitted residuals from the first regression. The single predictive factor, E}, is

then the fitted value from the second regression.

Implied Variance Data:

As the risk-neutral expectation of return variance for the next 30 days, we use the squared
VIX, which is the option-implied variance of the S&P 500 index. We use end-of-month data
from the Chicago Board of Options Exchange (CBOE).”?

Stock Index Data:
To calculate the objective expectation we use intra-day data for S&P 500 futures sampled at
the 5 minute interval. Alternatively, we use intra-day cash index data for the S&P 500 index

as in Bollerslev, Tauchen, and Zhou (2009). All intra-day data are obtained from Tickdata.

Macroeconomic Data:

We compute the eight static macroeconomic factors ﬁ}, j=1...,8, following Ludvigson and
Ng (2009, 2010). We update the time series and we exclude the stock market and interest
rate time series in order to have pure macro factors.® The macroeconomic data are mainly

from Global Insight.”

Summary statistics for the bond returns are in Table 1, Panel A, and summary statistics
for the macro variables in Panel B. The mean bond returns are increasing with maturity and
the numbers are in line with previous studies. While long term bond returns—2 to 5 year
bonds for a 1 year holding period—are highly persistent, possibly due to the overlapping
return horizon of 11 months, the autocorrelation function for the 1 month holding period
returns of the Treasury bills drops much faster with values of first order autocorrelations
ranging from 0.23 to 0.55. The CP factor, the mean jump size, the cycle factor, and the

hidden factor are all highly persistent with first order autocorrelation coefficients ranging

5The squared VIX is a model-free implied variance (see also Demeterfi, Derman, Kamal, and Zou, 1999;
Britten-Jones and Neuberger, 2000). The VIX White Paper (CBOE, 2003) outlines the calculation procedure.

6The original data set was previously used in Stock and Watson (2002). The stock market and interest
rate time series we exclude are the Ludvigson and Ng (2009) series 82 through 102. In addition, we have
to exclude seven variables that are no longer available after 2007. Consequently, we use 104 instead of 132
macroeconomic time series. For a shorter sample period ending in 2007 we use the original factors from
Ludvigson and Ng (2010) as a robustness check. Our main results remain unchanged. We defer a more
detailed description of the data to a separate Appendix.

"In addition, three series are from the BEA and one is from the University of Michigan.



from 0.85 to 0.96. The macro factors, }/7\’] display much lower autocorrelations, with some

components being even negative.
[Insert Table 1 and 2 approximately here.]

Table 2 reports the unconditional correlation among all the predictor variables including
variance risk premium. Unsurprisingly, the three factors which are calculated using yields or
bond return information, CP, H and E} are quite highly correlated with absolute correlations
ranging from 0.32 to 0.72. The variance risk premium is not very highly correlated with the
other factors except for the mean jump size, J (—0.33), and the first macro component, ﬁl
(0.29), which Ludvigson and Ng (2009) label as the real factor due to its high correlation with
measures of real output and employment. This echoes the finding in Bollerslev and Zhou
(2007) that the variance risk premium may be intimately related to economic fundamentals

in terms of the uncertainty shocks.

2.1.1 Forecasting Realized Variance and the Variance Risk Premium

To estimate realized variance, we use tick data from S&P 500 futures, which is one of the most
heavily traded assets on the Chicago Mercantile Exchange (CME). Let RV, ; be the realized
variance from day t — 7 to day ¢, with 7 being typically a month or equivalently 22 days.
To estimate the objective expectation of return variation of the next period E} (RV;,,), we

first consider the realized variance RV; at day ¢, which is defined as:

M
RV, = Zrtz,ia (1)
i=1

where r,; = log P (t -1+ ﬁ) — log P (t -1+ %) is the intra-daily log return in the "
sub-interval of day ¢ and P (t — 1+ ¢/M) is the asset price at time ¢ — 1 + i/M. For each
day, we take r;; between 9:30 and 16:00 at every five minute interval to calculate RV;.
The normalized monthly realized variation RV; mon is defined by the average of the 22 daily
measures, RV} non = % 251:0 RV,_;. The normalized weekly realized variation RV} yeek 18

correspondingly defined by the average of the five daily measures, RV} week = % Z?:O RV,_;.
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To better capture the long memory behavior of volatility, we use the daily, weekly and
monthly realized variance estimates to estimate the heterogeneous autoregressive model of
realized volatility (HAR-RV) proposed by Corsi (2009). HAR-RV estimators have become
increasingly popular in the financial econometrics literature in the past years (see Corsi,
Pirino, and Reno, 2010, Bollerslev and Todorov, 2011 and Patton and Sheppard, 2011).
HAR-RV is a parsimonious version of high-order auto-regressions. We augment the HAR

monthly forecasting model with additional lags of implied variance:

k
RV;H—QQ,mon =a+ ﬁDRV; + BWRV;S,Week + /BMRV;E,mon + Z 5\/,7,’VIX;§2_Z‘ + €¢+22 mon (2)

i=1
where VIX}? is the square of the daily VIX index divided by 12 x 10* x 30 to be comparable
to RVimon- Equation 2 is motivated by the large literature in derivatives pricing showing
that implied variance is a more efficient forecast for future realized variance than its own
lag (Jiang and Tian, 2005) and extends the forecasting model of Drechsler and Yaron (2011)

that uses one lag realized variance and one lag implied variance.

Estimated coefficients of equation (2) are presented in Table 3. As we can see, adding
VIX? to the regression, increases the adjusted R? by 2% (columns 1 and 2). When we
include more lags of the VIX?2, there is little gain in terms of R2. To test more formally
for the optimal number of lags in equation (2), we apply the standard information criteria.
When restricting the maximum lag to 8, the optimal numbers of lags chosen by the AIC
and BIC are 4 and 3, respectively (see Figure 1). Using the specification with 4 lags,
we calculate the predicted values which serve as our estimate for our realized variance,
EY (RVit92.mon) = 22 X fi‘\/thmon; while the realized variance RV} mon always refers to the

aggregated monthly measure.®

[Insert Table 3 and Figure 1 approximately here.]

8The unconditional correlation between all the different forecasting specifications is very high, ranging
from 0.94 to 0.99.



The variance risk premium is formally defined as the difference between the expected
future variation under the risk-neutral and actual probability measures between day ¢ and
T:

VRP,; =B (RViirr) — Ef (RViirs) (3)

where 7 = T — t denotes the time horizon which typically is a month or 22 trading days.’

To proxy for the risk-neutral variance, we take the VIX squared of the S&P 500 index with
a one month (22 trading days) horizon, using a model-free approach. Under some regularity
assumptions and even if the underlying asset follows a general jump diffusion (see Jiang and
Tian, 2005 and Carr and Wu, 2009), this risk-neutral expected variance can be computed by
as a portfolio of European calls on the underlying. We plot the VIX?, the expected realized
variance, together with the variance risk premium in Figure 2 and summary statistics are

reported in Table 1, Panel C.
[Insert Figure 2 approximately here.]

The figure reveals that most of the peaks in the variance risk premium occur at financial
events such as the LTCM default in August 1998, the burst of the dot com bubble in 2000,

and the most recent financial crisis in the late 2008.

Looking at the summary statistics in Table 1, Panel C, there are several interesting points
to note. First, the average variance risk premium (last column, VRPyag) is around 16%
which is comparable to the numbers found previously in the literature (see, e.g., Drechsler
and Yaron, 2011; Bekaert and Engstrom, 2009; and Bekaert, Hoerova, and Lo Duca, 2010).
Second, contrary to the previous literature, our measure never turns negative, which is partly
driven by our HAR-RV forecasting model which is augmented by 4 lags of implied variance.
This is important not only from an empirical point of view but also given the theoretical
underpinnings—the variance risk premium is usually interpreted as an insurance premium
for investors who pay for an asset whose payoff is high when return variation is large. Third,
the first and second order autocorrelation coefficients of our variance risk premium are 0.85

and 0.70, which alleviates econometric concerns of regressing on highly persistent variables.

9For notational simplicity, we subsequently drop the subscript 7 as we always consider the one month
horizon variance risk premium V RP;.



2.2 Short and Long Horizon Bond Return Predictability

Predictive regressions face two challenges: (i) predictors are highly persistent and (ii) the
regressand is an over-lapping sum of short-term returns. Ang and Bekaert (2007) show that
for longer overlapping horizons with highly persistent regressors, the Newey and West (1987)
statistics tend to over-reject the null of no predictability. Bollerslev, Marrone, Xu, and Zhou
(2011) find that, for shorter overlapping horizons with less persistent regressors, Hodrick
(1992) standard errors have less power in detecting the alternative of predictability. Since
our bond return predictability exercise involves both short and long overlapping horizons and
includes both persistent and non-persistent predictors, we report both the more robust Ho-
drick t-statistics—the reverse regression approach extended to the multivariate case by Wei
and Wright (2010)—and the more powerful Newey-West t-statistics. These two test statistics
are valid under both the null of no predictability and the alternative of predictability.

2.2.1 Bond Risk Premia Predictability from the Variance Risk Premium

We run the following regressions for U.S. Treasury bills:

mgr)h = (()T)(h) + 5£T)(h)VRPt + GE—Ti-)m

where rz(7) are either the excess returns on Treasury bills, h = 1,2,3,4,5 and 7 = 2, 3,4, 5,6
months or the excess returns on Treasury bonds, h = 12 and 7 = 24, 36, 48, 60 months. VRP,
is the market variance risk premium described earlier. The regression results are presented

in Table 4, Panel A and B. Both the Newey and West (1987) and Wei and Wright (2010)

standard errors deliver the very similar results.!'
[Insert Table 4 approximately here.]

For Treasury bills with a 1 month holding period in Panel A, the variance risk premium is

statistically significant, with t-values ranging from 1.97 to 2.37 for the Wei and Wright (WW)

10We thank Min Wei and Jonathan Wright for sharing code with us.
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standard errors and between 1.78 and 2.08 for the Newey and West (NW) standard errors.
As we increase the holding period, we see a slight decrease in the t-statistics, however, the
market variance risk premium still remains significant for all holding periods and all different
maturities. The average R? is around 2% in all regressions with slightly higher numbers for
the 1 month holding period. When we compare the R? with the R? from a regression using
the CP factor only, we find that when we add the variance risk premium to the regression, the
average increase is around 6% for the 1 month maturity and drops to around 2% for longer
holding periods. In summary, the variance risk premium does seem to possess non-trivial

forecasting power for short-term Treasury bill excess returns.

In contrast, for Treasury bonds with a 1 year holding period in Panel B, the variance risk
premium has little predictive power with t-statistics ranging from 0.83 to 1.88 and R?s near
zero. Importantly, however, we find that both for short and long term bonds, the estimated
slope coefficients of the variance risk premium are always positive, which is in line with the

intuition that higher risk is compensated with a higher return on the underlying asset.

In essence, we find that the variance risk premium predicts well bond risk premia with
short maturities (at short horizons) but has little predictive power for long maturity bonds
(at long horizons). To further test this preliminary empirical regularity, we construct one
month holding period returns for longer maturity bonds using the dataset of Giirkaynak,
Sack, and Wright (2006, GSW dataset), which has maturities up to 30 years. We also
construct annual returns using the same database. Using these risk premia, we then run the
same univariate regressions from the 1 and 12 month bond excess returns on the variance
risk premium. The estimated slope coefficients are summarized in Figure 3. We compute
standardized coefficients, meaning, all variables have mean 0 and a standard deviation of 1 to
make coefficients comparable in terms of the economic significance as well as the statistical

significance summarized by the 95 percent confidence band.

[Insert Figure 3 approximately here.]

The upper left panel of Figure 3 summarizes the results from Table 4 Panel A: The

variance risk premium is a good predictor of short maturity bonds, in fact, the economic

11



significance is comparable to the CP factor and is even stronger for the longer maturities for
which the CP factor has marginal predictive power. The upper right panel exhibits estimated
coefficients for longer maturity bonds up to 15 years in the GSW dataset, but with a 1 month
holding period returns. Interestingly, the variance risk premium becomes more and more
significant and remains positive in predicting the bond risk premia—the longer the maturity,
the higher the economic significance. The CP factor on the other hand, although significant,
turns negative in forecasting 1 month bond returns, which continues the trend observed in
the top-left panel. We repeat the same exercises for 12 month holding periods with bond
maturities up to 15 years in the lower two panels. These plots reinforce the findings in
Table 4 Panel B: The variance risk premium does not predict bond risk premia with holding
periods of 12 month except for the 2 and 3 year maturity bond. However, the CP factor

becomes highly significant and remains positive for these long term bond risk premia.

These findings are important because the market variance risk premium may capture a
unique component of bond risk premia that is relevant for the short horizon and is driven
by economic uncertainty shocks but that is at the same time orthogonal to the long horizon
component captured by established predictors. To further justify our empirical conjecture,

we next turn to a host of robustness checks involving well established bond return predictors.

2.3 Controlling for Other Bond Return Predictors

A large literature has been devoted to studying different factors that predict bond risk premia
at long horizons like 1 year, and it is natural to ask the question whether the predictive power
of the variance risk premium is captured by those predictor variables. Cochrane and Piazzesi
(2005) find that a linear combination of forward rates is the most powerful predictor for
long-term bond returns. Wright and Zhou (2009) show that the mean jump size explains a
significant fraction of the variation in long term bond excess returns and doubles the adjusted
R? when combined with the CP factor. Duffee (2011) estimates a latent factor from a five
factor Gaussian model which has predictive power for bond excess returns but is not (or
only weakly) spanned by the cross-section of yields. Ludvigson and Ng (2009) include macro

factors extracted from a large set of macro variables using principal components analysis to

12



explain a highly significant fraction of the time variation in bond excess returns. Cieslak and
Povala (2010) find high R?s when running predictive regressions from bond excess returns
on cycles which represent deviations from the long-run relationship between yields and the
slow-moving component of inflation and savings. Our extended regression is of the following

form:

reD, = B (h) + B (WVRP, + 557 (h)CP, + 857 (k) J,

8
+37 (W) Hy+ B (e, + 3 B (W Fje + el
j=1
which is the univariate regression augmented by the Cochrane-Piazzesi factor, CP, the mean
jump size, J, the Duffee hidden factor, H, the cycle factor, E}, and the Ludvigson and Ng

~

macro factors, F}.
[Insert Tables 5, 6, 7, and 8 approximately here.]

Tables 5 to 8 present the estimated coefficients for the 2 to 6 month Treasury bills for a 1,
2, and 3 month holding period.!* Again, standard errors are calculated using both Newey and
West (1987) and Wei and Wright (2010). Most importantly, we note that the variance risk
premium is statistically significant across all different specifications for the 1 month holding
period. The coefficients remain remarkably stable independent of the variables added to the
regression. The statistical power becomes lower at the 2 month holding period and nearly
disappears at the 3 month holding period. For the 1 month holding period, adding other
predictors does not change the significance of the variance risk premium very much, but the
hidden factor and the macro variables seem to drive out the effect of variance risk premium
for longer horizons of 2 and 3 months. The striking short-run predictability of the variance
risk premium for bond returns is similar to the one reported by Zhou (2010) and mirrors the
findings for stock returns by Bollerslev, Tauchen, and Zhou (2009) and Drechsler and Yaron
(2011).

UFor longer holding periods (4 and 5 months), the variance risk premium has almost zero predictive power
in the presence of other control variables. To save space, we defer these results to a separate Appendix.
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As for the other predictors, the estimated coefficients for the CP factor are highly signif-
icant for all holding periods except when adding the hidden factor and the macro variables
to the regression. The mean jump size is in general not significant at all for predicting short
term Treasury bill returns. The estimated coefficient for the cycle factor seems to lose power
when adding the macro factors to the regression but is highly significant for the shortest
holding periods. Overall, the hidden factor is statistically significant in all regressions and
the estimated coefficients remain remarkably stable across all different holding periods and
different specifications. It is interesting to note, however, that the hidden factor seems to
crowd out both the CP and EJ\” factor at short horizons, which may not be surprising since
H, CP, and E} are all estimated from bond yields. Out of the eight macro factors, only
ﬁg is statistically highly significant and stable at short holding periods. As we increase the

holding period however, the macro factors become more important.
[Insert Table 9 approximately here.]

These results naturally lead us to look more carefully at long term bond excess returns
and the associated predictive power of the variance risk premium over yearly horizons. As
shown in Table 9, the variance risk premium is significant at a one percent level for 2, 3 and
4 year bonds, but becomes less significant for longer maturity bonds. While the significance
does not seem to be affected by adding the CP factor to the regression, we see a decline in the
significance when adding the mean jump size and the hidden factor. We also note that adding
the mean jump size almost doubles the adjusted R? from on average 20% to nearly 40%. The
macro and the hidden factors seem to crowd out the significance of both the variance risk
premium and CP factor, leaving only the jump size and cycle factor as powerful predictors
for long term bond excess returns. In other words, the variance risk premium does not seem
to have predictive power for long term bond returns, once controlling for other predictors

which are known to predict long maturity bond returns.
[Insert Figure 4 approximately here.]

The contrast between short and long term bond risk premia is best seen from Figure 4. It is

clear that short term bond risk premia (top panel) have large spikes around major financial
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crises and economic recessions, but these shocks are generally short lived—uncertainty comes
and goes. On the other hand, the long term bond risk premia (bottom panel) seem to have
gradual persistent swings at least several years apart and sometimes even as long as the
business cycle frequency—like the 2001-2008 cycle. Put together, we have a whole picture
of bond risk premia responding both slowly to long term cyclical risk and quickly to short

term uncertainty shocks.

In summary, we find that the stock market variance risk premium is a robust predictor of
bond returns at the short end, but the predictive power becomes weaker at longer maturities
and vanishes to zero for very long maturity bonds, as also previously reported in Baele,
Bekaert, and Inghelbrecht (2010). The short term predictive power of the variance risk
premium is also robust to the inclusion of other standard predictors such as the CP factor,

the hidden factor, the jump mean, the cyclical factor, and macro variables.

3 Economic Uncertainty and Inflation Dynamics

To understand why the variance risk premium has significant predictive power for short-run
bond risk premia, we present a stylized structural model where the real bond risk premium is
present because of agents’ preference for an early resolution of uncertainty and the nominal
bond risk premia is non-redundant because the inflation process co-varies with both cash
flow and uncertainty shocks. The nominal bond risk premium in our economy works only
through the conditional volatility channel and does not rely on the conditional mean channel
(as in Pennacchi, 1991; Sun, 1992). As such, our model may be viewed as an extension of

the consumption uncertainty model by Bollerslev, Tauchen, and Zhou (2009).

Our calibration result suggests that the proposed inflation uncertainty model not only has
the capability to replicate the predictability pattern of the variance risk premium for bond
risk premia documented in recent research, but also matches the level of bond risk premia
typically hard to pin down in structural economic models. The volatility or uncertainty

channel to resolve the Expectations Hypothesis puzzles is in contrast with those relying

15



on the consumption growth channel—e.g., habit formation (Wachter, 2006), long-run risk

(Bansal and Shaliastovich, 2009), or rare disasters (Gabaix, 2009).

3.1 Economic Uncertainty and Variance Risk Premia

The representative agent in the economy has Epstein-Zin-Weil recursive preference and has

the value function V; of her life-time utility given as:

1—

V= [a-06” +o(m VAT ()

where C} is consumption at time ¢, § denotes the subjective discount factor, v refers to the

coefficient of risk aversion, 6 = 11:1 , and 1 equals the intertemporal elasticity of substitution
P

(IES). The key assumption that ¢ > 1 hence § < 0 implies that agents prefer an earlier res-
olution of economic uncertainty, such that the uncertainty or volatility risk in asset markets

carries a positive risk premium.

The log consumption growth and its volatility follow the joint dynamics:

Jtr1 = Mg+ OgtZgt11, (5)
U;,t—i—l = Qg + pao-;t + \/@Za,t—i—ly (6)
Q41 = Qg+ PaQt + Pgn/UZg 141, (7)

where p1; > 0 denotes the constant mean growth rate.”” The time-variation in o7, is
one of the two components that drives the equity risk premium, or the “consumption risk”;
while the time-variation in ¢; is not only responsible for the “uncertainty risk” component in
equity risk premium, but also constitutes the main driver of variance and bond risk premia

as explained below.

Let w; denote the logarithm of the wealth-consumption ratio, of the asset that pays the

consumption endowment, {Ct4;}5°,; and conjecture a solution for w; as an affine function of

12The parameters satisfy a, > 0,a, > 0, [po]| < 1, |pg| < 1, ¢q > 0; and {zg+}, {20,¢} and {z,+} are iid
N (0, 1) processes jointly independent with each other.
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2

the state variables, o,

and q;, w; = Ag + Aga;t + A,q:.- One can solve for the coefficients
Ay, A, and A, using the standard Campbell and Shiller (1988) approximation .11 = Ko +
K1wWsr1 — Wi+ ger1. The restriction that ¢ > 1 hence # < 0 implies that the impact coefficient
associated with both consumption and volatility state variables are negative; i.e., A, < 0
and A, < 0. So if consumption and uncertainty risks are high, the price-dividend ratio is

low, hence risk premia are high. In response to high economic uncertainty risks, agents sell

risky assets, and consequently the wealth-consumption ratio falls; so that risk premia rise.

The conditional variance of the time ¢ to 41 return, o7, = Var,(r;;1), is given by: o2, =

ol + Ki (A2 + Agcpg) g The variance risk premium can then be defined as the difference

between risk-neutral and objective expectations of the return variance,'?

VRP; = E? (Jf,t-i-l) _Eip (03,t+1)’

(0 — 1)Ky [AJ + Aqm% (Ai + A2g05) gpﬂ g >0. (8)

q

Q

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, ¢q;, but not the consumption growth risk, as’t +1- Moreover, provided that 6 < 0,
A, <0, and A, < 0, as would be implied by the agents’ preference of an earlier resolution
of economic uncertainty, this difference between the risk-neutral and objective expectations
of return variances is guaranteed to be positive. If consumption volatility is not stochastic

or there is no recursive preference, the variance risk premium is zero by construction.

3.2 Inflation Dynamics and Bond Return Predictability

In order for the real economy model outlined above to have realistic implications for nominal

bond risk premia, one needs to impose rich inflation dynamics, which are capable to incorpo-

13The approximation comes from the fact that the model-implied risk-neutral conditional expectation
cannot be computed in closed form, and a log-linear approximation is applied.
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rate stochastic volatility, money non-neutrality, and perhaps both cash flow and uncertainty

shocks. Our preferred specification for expected inflation 7, is:

T4l = A + PrTt + PrZrtrl + PrgTgtZgttl + Pro/Woot+1s 9)

an

where p, is the persistence and T is the long-run level of the inflation process. The
innovations in the inflation dynamics consist of three parts: (1) a constant volatility part
©r with exogenous shock z;;41 that is uncorrelated with all shocks in the real model, (2)
a stochastic volatility part (.40, that works through the consumption growth channel
Zg1+1, and (3) another stochastic volatility part ¢r,./q; that works through the volatility
channel z,;+1. Note that ¢, and ., “leverage up” the inflation exposure to the growth

and uncertainty risks, hence money-neutrality is implicitly violated.

We can examine each component of inflation shocks separately to assess which channel

affects more the bond risk premia and to what degree:

Model I: 1 = ar + pr + Or 241

Model IT: w11 = ar + prT + ©r0g 127141

Model III:  Ty41 = ar + pr + Or2rit1 + PrgOgiZg 141 (10)
Model IV: i1 = ax + prTt + PrZrir1 + Pro/AtZot41

Model Vi 71 = ax + prTi + QaZri1 + PrgOgt 29,41 T Pro/AtZot+1

Model I includes only the autonomous inflation and constant volatility. Even with stochastic
volatility, Model II still has no genuine inflation risk premium, since the inflation innova-
tion is exogenous.'* When there is stochastic volatility either through the growth channel
(Model III) or uncertainty channel (Model IV), a genuine inflation risk premium exists and
money neutrality is broken implicitly. Our preferred inflation specification (9) or Model V

incorporates all three channels.!?

14The ability or inability of Model II in explaining both the level of bond risk premia and the predictability
of the variance risk premium is also examined by Zhou (2010).

5There is a growing literature that examines the stochastic volatility or uncertainty effect in real macroe-
conomic variables (see, e.g., Bloom, 2009; Bloom, Floetotto, and Jaimovich, 2010; Benigno, Ricci, and Surico,
2010; Ferndndez-Villaverde and Rubio-Ramirez, 2010).
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For each of the five model specifications, one can solve for the bond yield, the bond
risk premium, and the predictability slope coefficient and R? when regressing the bond risk
premium on the variance risk premium. We present the general result of Model V here,
as others are either special cases or very easy to derive.'® The nominal bond yield can be
expressed as an affine function of the state variables:

vi=——[Aw) B o) pw) |[1 o2 @ =] (1)

n

where the coefficients A(n), B(n), C(n), and D(n) are solutions to ordinary difference equa-

tions.

Let ra}; ] be the bond excess return from ¢ to ¢ + 1 for an n-period bond holding one

period, then its expected value brp; or bond risk premium is given by:

brp; = D(n— 1), <—% +0—-1-— %rg) 0§7t
{[B(n—1) + D(n — 1)@re] [(0 = 1)k14; — pro] + C(n — 1)(0 — 1)r1Agpr } @

—D(n —1)¢2. (12)

The first two items reflect consumption and uncertainty risk premia that are amplified by
the endogenous inflation shock parameters ¢, and .., while the third item captures the

autonomous inflation shock rough .

Our modeling framework also has implications for the predictability pattern of the bond
risk premium by the variance risk premium. In a regression brp; = a + bVRP;, the model-

implied slope coefficient and R? are given by:

b - Cov (brp/, VRP;) {}
T Var(VRPy) (0= )my [A, + A2 (A2 + A202) 2]
o _ DVar (VRP) {}* Var (@)
Var (brp}') i ’
ar (brpy) {}2 Var (q;) + D(n — 1)29072@; (-% +0—-1-— 907rg> Var (U;t)

16The analytical solutions for bond prices, bond risk premia, and the predictability R? and slope coefficients
for Models I-V and the real economy are provided in a technical note (Zhou, 2011).
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where {-} = [B(n — 1) + D(n — 1)¢ro] [(6 — 1)k1As — pro] + C(n — 1)(8 — 1)k1 Ag?. Using
these two metrics, we can evaluate whether the proposed inflation dynamics can reproduce
the empirical pattern of bond return predictability from the variance risk premium as pre-

sented in Section 2.

3.3 Calibrating Bond Risk Premia and Return Predictability

The key to match the bond risk premium dynamics is through calibrating the inflation
process, while leaving the choices of preference parameters and real economy dynamics similar
to the existing studies (see, e.g., Bansal and Yaron, 2004; Bollerslev, Tauchen, and Zhou,
2009). Across all five models, as seen in Panel A of Table 10, we choose the same inflation
level and persistence such that the annualized inflation rate is 2.4 percent. The choices of the
volatility parameters are such that the annualized inflation volatility is 4.5 percent. When
there are two or three innovations in inflation shocks as in Models III-V, the parameters are
set such that each component contributes equally to the total inflation volatility. Note that
the inflation dynamics—Ilevel, persistence, volatility—are almost the same as the exogenous
process in Gallmeyer, Hollifield, Palomino, and Zin (2009), which imposes certain disciplines
on our calibration exercise. The choices of preference structure and real economy parameters,

as seen in Panel B of Table 10, are largely similar to those in Zhou (2010).
[Insert Table 10 approximately here.]

Our main calibration result on short term bond risk premia level is reported in Panel A
of Table 11. The observed bond risk premia of 2 to 6 month Treasury bills for a 1 month
holding period range from 33 to 75 basis points (bps). It is instructive to use the real bond
as a benchmark—174 to 338 bps, which is far exceeding the observed levels. Therefore, it
does not come as a surprise that exogenous inflation, either with stochastic volatility (Model
IT) or without (Model I), will overshoot bond risk premia even more since the exogenous
inflation shock only adds on to the bond risk premium, which is purely driven by the Jensen’s

inequality term but not by a genuine risk premium effect.
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[Insert Table 11 approximately here.]

In essence, we are facing a challenge of simultaneously matching the levels of bond risk
premia and the moments of variance risk premium. As shown in Panel B of of Table 11,
our sample variance risk premium has a mean of 16.22 and a standard deviation of 15.94,
well within the typical range of around 10 to 22 percent found in recent empirical studies
(Bollerslev, Tauchen, and Zhou, 2009 and Drechsler and Yaron, 2011). Our real economy
model can match the observed variance risk premium quite well with a mean of 10.84 and a
standard deviation of 10.34. Our model also does a decent job matching the skewness (2.30)

and kurtosis (9.51), producing model implied values of 1.87 (skewness) and 8.04 (kurtosis).

Of course, our calibration strategy for the real model, and consequently for the exogenous
inflation Models I and II, is to match the variance risk premium as best as we can but
sacrifice by overfitting the bond risk premia about 6 to 7 times larger. A similar trade-off is
also reported in Zhou (2010), where the real economy model or autonomous inflation model
IT can match well the bond risk premia (44-86 bps in data and 73-94 bps in model), but
severely undershoots the variance risk premia (17.45 in the data compared to 4.62 in model).
Therefore, without dropping the money neutrality assumption implicit in the autonomous
inflation dynamics, there is little hope one can simultaneously match bond and variance risk

premia.

It is interesting to note that when money neutrality is violated as in Model I1I, the model-
implied bond risk premia can be dramatically lowered to around 86-113 bps, compared to the
exogenous inflation Model II (around 185-385 bps). This improvement is primarily driven by
the negative comovement between inflation and consumption innovations (¢, = —0.157 < 0,
Panel A of Table 10). The negative correlation between inflation and consumption shocks
is consistent with more recent empirical evidence when both growth and inflation are in a
moderate range (see, e.g., Piazzesi and Schneider, 2006; Campbell, Sunderam, and Viceira,
2009). Similarly, when the inflation shock is positively correlated with the uncertainty shock
as in Model IV (¢, = 0.1897 > 0, Panel A of Table 10), bond risk premia also moderate to
around 126-243 bps from the exogenous inflation Model II (around 185-385 bps). Intuitively

this could happen as volatility shocks—although uncorrelated with consumption shocks—are
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negatively correlated with market risk premia (see, e.g. Bansal and Yaron, 2004), therefore
any inflation shock which works through the uncertainty channel reduces bond risk premia

through a discount rate effect.

Finally, Model V combining both cash flow and uncertainty channels of inflation effects
seems to produce reasonable bond risk premia—~62 to 84 bps—the closest to observed range
of 33 to 75 bps. This is indeed a combined effect from lower risk premium of inflation’s growth
channel and lower risk premium of inflation’s uncertainty channel, and as such Model V may
prove to be a more flexible way of modeling inflation risk in matching bond risk premium
dynamics. Our result on the nominal risk-free rate and 5-year yield are also reasonable—4.38
and 2.93 percent, while the other four models produce a similar size of the risk free rate but
with a b-year yield ranging from —2.05 to negative infinity. Again this result reflects the

challenge of simultaneously matching bond risk premia and variance risk premium.

Long-term bond risk premia cannot be matched well by our model with only three un-
derlying shocks. Model V implies bond risk premia of 3-10 bps versus the observed levels of
95-278 bps, while other models imply negative bond risk premia and some are near negative
infinity. In terms of the real economy model, Panel B of Table 11, it produces a reasonable
equity premium of 5.61 percent and an equity volatility of 21.91 percent. The model also
matches quite well the real risk-free rate—1.12, but the risk-free rate volatility of 14.61 per-
cent is much higher than historical average of around 3.37 percent. The overshooting of the
risk-free rate volatility and underfitting of long term bond risk premia are closely related

outcomes of limiting the setup to only three risk factors.

[Insert Figure 5 approximately here.]

The model-implied predictability regression slope coefficients and R2s are plotted in Fig-
ure 5, along with the empirical estimated ones. As shown in the top panel, the predictability
slope coefficients of 1 month excess bond return regressions clearly show a gradual upward
trend for 2-6 month Treasury bills. Model I and Model II overfit the predictability slopes
by quite a large margin. Model III and IV improve significantly and fall within the 95 per-

cent confidence bands for 5-6 month t-bills. Our preferred Model V seems to fit reasonable
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well the slope coefficients and is the closest to the 95 percent confidence bands—in fact it
matches the 5-6 month t-bills almost exactly. In the bottom panel, Models I and VI produce
predictability R2s of 100 percent by construction, since both bond risk premium and vari-
ance risk premium are driven by the same uncertainty factor ¢; alone (Zhou, 2010). Model
IT seems to improve significantly as the bond risk premium also loads on the consumption
growth risk O';t. The R?’s implied by Models IIT and V actually get very close to the observed

ones.

In summary, our preferred Model V, which incorporates inflation’s exposure to both
growth and uncertainty risks, seems to have the potential to match both the observed bond

risk premia levels and the predictability pattern from the variance risk premium.

4 Conclusion

This paper documents the predictive power of the equity market variance risk premium,
defined as the difference between the risk-neutral and objective expectations of return vari-
ations, for bond excess returns. The predictive power is shown to be particularly strong in
the short-run for a one month horizon and orthogonal to other known predictors of bond risk
premia—forward rates, jump risk, yield curve factors and macro variables. The previously
documented predictors for bond risk premia are particularly powerful for longer horizons of
one year and more and hence also for longer maturity bonds. Short term bond risk premia
exhibit pronounced spikes around major economic and financial crises, which is in contrast

to the cyclical swings typically observed in long term bond risk premia.

We then propose a model that features time-varying uncertainty about real and nominal
quantities together with investors’ preferences for early resolution for uncertainty to produce
the level and predictability of bond risk premia which have been found difficult to pin down
in standard asset pricing models. While the real side of the economy follows earlier literature,
the inflation process consists of two key ingredients—one stochastic volatility process that
covaries with the consumption growth and the other that covaries with the consumption

uncertainty, which gives rise to a genuine inflation risk premium.
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In our calibration exercise, the model implied bond risk premia are only several basis
points away from their empirical counterparts. The model also produces a reasonable equity
premium, risk free rate and equity volatility but overshoots the risk free rate volatility.
The average variance risk premium produced by our model is only slightly lower than the
estimated empirical variance risk premium. In addition, the higher order moments (variance,
skewness and kurtosis) of the variance risk premium are also fitted quite nicely. Finally, the
model is able to replicate the predictive power of the equity variance risk premium for bond

risk premia remarkably well.
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Table 1
Summary Statistics

This table presents summary statistics for all monthly data from January 1990 to September 2010. In Panel
A we report the 1 month holding period excess returns on the Treasury bills and the annual excess returns
on the Fama and Bliss bonds. Panel B reports the Cochrane and Piazzesi (2005) factor, CP, the mean jump
size, J, the cycle factor, E]\“, the Duffee (2011) hidden factor, H, and the eight Ludvigson and Ng (2009)
macro factors, ﬁj. To construct the statistics for the mean jump and the hidden factor, we scale the series
by 102. Panel C reports the VIX?, the realized variance calculated using 5 min returns on the index and the
futures, respectively, the projected value from equation (2) and the corresponding variance risk premia.

PANEL A: SUMMARY STATISTICS BOND VARIABLES

2m 3m 4m 5m 6m 2y 3y 4y oy
Mean 0.32 0.45 0.44 0.66 0.74 0.96 1.78 2.46 2.83
Max 2.50 3.31 4.54 5.81 7.65 3.64 7.31 10.30 12.54
Min -0.57 -0.87 -1.19 -1.43 -6.07 -2.37 -5.24 -6.88 -8.37
StDev 0.43 0.52 0.72 0.91 1.22 1.40 2.65 3.69 4.52
Skewness 1.74 1.58 1.73 1.67 0.79 -0.14 -0.25 -0.28 -0.34
Kurtosis 7.69 7.33 8.77 7.93 11.16 2.06 2.31 2.40 2.55
AC(1) 0.55 0.31 0.23 0.28 0.26 0.95 0.94 0.93 0.92
AC(2) 0.39 0.25 0.20 0.20 0.21 0.88 0.86 0.83 0.81

PANEL B: SUMMARY STATISTICS MACRO VARIABLES

CP j ]fl E} ﬁl ﬁg ﬁg ﬁ4 F\5 ﬁ(; ﬁ7 FS
Mean 1.51  0.02 -0.05 1.21 -0.06 0.01 0.08 0.03 0.03 0.00 0.01 -0.02
Max 439 016 0.05 455 21.73 11.85 722 1575 6.69 502 585 5.72
Min -412 -0.21 -0.24 -1.32 -741 -1497 -10.14 -10.39 -8.68 -5.19 -6.32 -5.63
StDev 1.03 008 005 137 4.65 3.22 2.64 202 190 186 1.73 1.68

Skewness -0.46 -0.69 -0.31  0.23 1.71 -0.68  -0.54 1.53 0.07 028 -0.15 0.21
Kurtosis 7.00 324 254 231 7.25 6.90 426 1996 529 280 3.69 3.84
AC(1) 087 096 0.85 0.95 0.86 -0.12 0.35 0.11 0.02 048 020 -0.18
AC(2) 0.78 093 071 0091 0.83  -0.27 0.42 0.25 0.10 050 026 0.14

PANEL C: SUMMARY STATISTICS VARIANCE RISK PREMIA

VIX? RVpin RV pmin HAR VRPray VRPpy VRPyar
Mean 39.10 16.91 27.79 22.88 22.20 11.32 16.22
Max 298.90 374.75 607.47 223.96 119.63 86.42 91.86
Min 9.05 1.48 2.86 6.60 -75.85 -308.57 0.90
StDev 36.79 31.09 48.64 23.59 19.02 26.52 15.94
Skewness 3.40 7.73 8.25 4.56 1.34 -7.29 2.30
Kurtosis 19.25 80.89 91.01 31.35 11.04 91.42 9.51
AC(1) 0.82 0.66 0.60 0.68 0.50 0.23 0.85
AC(2) 0.61 0.39 0.31 0.40 0.40 0.05 0.70
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Table 2
Cross Correlations of Predictor Variables

This table presents the cross correlation for the Cochrane and Piazzesi (2005) factor, CP, the mean jump
size, J, the cycle factor, c¢f, the Duffee (2011) hidden factor, H, the eight Ludvigson and Ng (2009) macro

factors, Fj;, and the variance risk premium, VRP. We use monthly data from January 1990 to September
2010.

CPp J H cf Ey Ey E3 Fy 33 Fy Fy Fs VRP
CPp 1.00

J -0.01  1.00

H -0.69  0.08 1.00

of 0.72 -0.15 -0.32 1.00

2 042 -024 -0.24 0.20 1.00

B 0.11 -0.01 0.09 -0.04 0.00 1.00

By 041 -022 029 -0.32 025 -0.05 1.00

Fy 0.07 -0.28 008 -0.01 0.16 -0.04 0.01 1.00

I 0.03 -0.20 -0.04 0.01 0.05 007 -0.18 0.07 1.00

Fy 0.16 -0.32 030 0.2 006 0.05 013 006 0.01 1.00
@ 0.30 -0.04 -0.14 0.19 018 -007 0.04 -0.06 0.01 -0.07 1.00
Fg

-0.10 -0.09 0.14 0.10 -0.13 0.06 0.09 -0.09 0.12 0.07r 0.03 1.00
VRP 002 -033 -0.03 -0.10 0.29 -003 011 022 011 0.17 014 -0.10 1.00
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Table 3
Forecasting Realized Variance

This table presents estimated coefficients of the following regression:

k
RVit22mon = @ + BpRVi + B RVi ek + Br RVimon + Y BvaVIX] ; + €122, mon,
i=1

where coefficients are estimated with ordinary least squares and t-statistics are calculated using
Newey and West (1987). We use daily data from January 1990 to February 2011.

Constant  0.0000  0.0000 0.0000  0.0000  0.0000
(1.13)  (6.37) (1.20)  (1.65)  (1.59)
RV} 0.0519 0.0809 0.0502 0.0118  0.0120
(3.43)  (3.41) (2.24)  (1.07)  (1.03)
RViweek  0.3587 0.3915 0.3677 0.4304  0.4317
(3.75)  (3.59) (6.39)  (5.24)  (5.13)
RVimen  0.0230 0.2137
(0.18)  (2.00)

VIX? 0.3668 0.3846  0.7571  0.7567
(2.30) (4.12)  (3.84)  (3.86)
VIX}E -0.1071  -0.1253
(-2.43)  (-2.32)
VIX?, -0.0253  -0.0216
(-0.69)  (-0.54)
VIX? , -0.1798  -0.2758
(-2.97)  (-1.48)
VIXZ, -0.1113
(-0.61)

Adj. R? 0.55 0.53 0.55 0.55 0.55
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Table 4
Short and Long Run Predictability Regressions

Each month we run the following regression: r:ci_?h = ST)(h) + B;T)(h)VRPt + ei_?h, where 72(7) are either
the excess returns on Treasury bills, h = 1,2,3,4,5 and 7 = 2,3,4,5,6 months (Panel A) or the excess
returns on Treasury bonds, h = 12 and 7 = 24, 36, 48,60 months (Panel B). VRP; is the market variance
risk premium. Coefficients are estimated with ordinary-least squares. t-statistics are in brackets and are
calculated using Newey and West (1987) and Wei and Wright (2010) standard errors, respectively. The
estimates for the constant are omitted from the table. The sample spans the period from January 1990 to

September 2010.

PANEL A: FAMA TREASURY BILLS

2m 3m 4m om 6m
VRP 0.009 0.010 0.010 0.012 0.017
nw (1.78) (1.97) (1.91) (1.74) (2.08)
ww (2.37) (2.03) (2.12) (1.97) (2.35)
Adj. R? 0.06 0.04 0.02 0.02 0.02
VRP 0.006 0.008 0.010 0.016
nw (2.14) (2.27) (1.96) (2.29)
ww (2.01) (2.08) (1.73) (2.35)
Adj. R? 0.02 0.02 0.02 0.02
VRP 0.005 0.007 0.013
nw (2.15) (1.92) (1.86)
ww (2.13) (1.71) (1.89)
Adj. R? 0.02 0.02 0.02
VRP 0.008 0.016
nw (1.93) (2.87)
ww (2.02) (2.51)
Adj. R? 0.02 0.02
VRP 0.009
nw (1.78)
wwW (2.37)
Adj. R 0.05

PANEL B: FAMA BLISS TREASURY BONDS

2y 3y 4y 5y
VRP 0.019 0.033 0.036 0.032
nw (2.02) (1.89) (1.45) (1.05)
wWw (1.88) (1.77) (1.64) (0.83)
Adj. R? 0.02 0.02 0.01 0.01
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Each month we run the following regression: rxz

Table 5
Predictability Regressions of Treasury Bills: 1m Holding Period

0, = 85 (h) + BT (WVRP, + 1L, 87 ()M, + €T,
holding period returns of Treasury bills in excess of the yield on a 1-month zero coupon bond, VRP¢ is the variance risk premium and M; ; collectively are the CP factor, the
mean jump size, the cycle factor, the Duffee hidden factor, and the macro factors. t-statistics are in brackets and are calculated using Newey and West (1987) and Wei and
Wright (2010) standard errors, respectively. The estimates for the constant are omitted from the table. The sample spans the period from January 1990 to September 2010.

()

where h = 1 months and 7 = 2,3,4,5,6 months. T,

VRP
nw
wwW
CP
nw
WW

<

nw
ww

cf

nw

=
mé

nw
WWwW
Fy
nw
WwWw
Fy
nw
WwWw
F3
nw
WwWwW
Fy
nw
WWwW
Fs

Adj.

R2

0.009
(1.84)
(2.36)
0.167
(4.45)
(4.09)

0.17

0.012
(2.67)
(3.00)
0.167
(4.88)
(4.18)
1.180
(2.08)
(1.96)

0.21

2m
0.009
(2.21)
(2.47)
0.305
(5.92)
(4.63)
0.766
(1.81)
(1.27)
-0.121
(-3.94)
(-2.60)

0.28

0.010
(3.18)
(2.78)

0.126
(1.64)
(1.19)
1.082
(2.39)
(1.70)

-0.072

(-2.24)

(-1.39)
-0.311

(-2.19)

(-2.01)

0.33

0.012
(4.11)
(3.14)

0.008
(0.10)
(0.08)
0.645
(1.67)
(1.03)

-0.051

(-1.52)

(-0.93)
-0.281

(-2.22)

(-2.02)

0.011
(0.76)
(0.52)

-0.010

(-1.39)

(-1.01)
-0.036

(-2.32)

(-1.66)
-0.067

(-3.52)

(-2.19)
-0.022
(-1.88)
(-1.39)

0.027
(2.59)
(1.92)

0.011
(0.73)
(0.52)
-0.004

(-0.25)
(-0.18)

0.37

0.009
(2.09)
(1.99)
0.157
(4.00)
(2.65)

0.11

0.011
(2.66)
(2.30)
0.157
(4.21)
(2.67)
0.808
(1.37)
(1.02)

0.12

3m
0.008
(2.08)
(1.67)
0.326
(6.61)
(3.75)
0.304
(0.67)
(0.38)
-0.147
(-4.15)
(-2.49)

0.18

0.009
(2.91)
(1.94)

0.142
(1.90)
(1.15)

0.629
(1.37)
(0.77)
-0.097

(-2.55)
(-1.51)
-0.319
(-2.72)
(-1.91)

0.22

0.010
(3.61)
(2.07)
-0.083
(-0.82)
(-0.71)
0.396
(0.84)
(0.46)
-0.082
(-2.17)
(-1.25)
-0.357
(-2.94)
(-2.18)
0.041
(2.26)
(1.51)
-0.017
(-1.29)
(-1.28)
-0.069
(-3.66)
(-2.39)
-0.060
(-2.39)
(-1.46)
-0.026
(-1.68)
(-1.16)
0.028
(1.88)
(1.38)
0.004
(0.19)
(0.14)
-0.012
(-0.59)
(-0.42)
0.26

0.010
(2.04)
(2.07)
0.194
(3.90)
(2.85)

0.08

0.011
(2.10)
(2.13)
0.194
(3.97)
(2.85)
0.404
(0.59)
(0.49)

0.08

4m
0.007
(1.50)
(1.50)
0.377
(6.10)
(3.94)
-0.142
(-0.23)
(-0.17)
-0.159
(-3.49)
(-2.57)

0.12

0.009
(2.18)
(1.86)

0.115
(1.26)
(0.80)

0.321
(0.50)
(0.38)
-0.088

(-1.90)
(-1.28)
-0.454
(-3.17)
(-2.23)

0.17

0.009
(2.82)
(1.91)
-0.226
(-1.69)
(-1.78)
0.254
(0.39)
(0.30)
-0.084
(-1.89)
(-1.20)
-0.564
(-3.59)
(-2.82)
0.072
(3.01)
(2.33)
-0.030
(-1.57)
(-1.74)
-0.102
(-3.96)
(-3.11)
-0.055
(-1.57)
(-1.27)
-0.056
(-2.86)
(-2.30)
0.036
(1.79)
(1.59)
0.000
(0.01)
(0.00)
-0.034
(-1.27)
(-1.07)
0.22

are the



Table 6
Predictability Regressions of Treasury Bills: 1m Holding Period

Each month we run the following regression: mcg)h = BOT)(h) + BY)(h)VRPt + 2;1:2 ﬁj(-T)(h)Mm + egi)h,

where h = 1 months and 7 = 2,3,4,5,6 months. r:vg?h are the holding period returns of Treasury bills in

excess of the yield on a 1-month zero coupon bond, VRP; is the variance risk premium and M, ; collectively
are the CP factor, the mean jump size, the cycle factor, the Duffee hidden factor, and the macro factors.
t-statistics are in brackets and are calculated using Newey and West (1987) and Wei and Wright (2010)
standard errors, respectively. The estimates for the constant are omitted from the table. The sample spans
the period from January 1990 to September 2010.

5m 6m
VRP 0.011  0.011 0006 0008 0009 0016 0014 0007 0010 0.011
nw (1.95)  (1.88)  (1.62) (1.84) (222) (225) (1.95) (1.12) (1.75)  (2.05)
ww (1.95)  (1.75)  (1.99) (1.63)  (2.40) (2.37) (1.88) (0.96)  (1.69)  (1.80)
CP 0.256  0.256  0.509  0.151 -0.261 0.263  0.262  0.647  0.152  -0.472
nw (3.98)  (3.97) (6.95) (1.42) (-1.53) (3.12) (3.08)  (6.36)  (1.18) (-2.10)
ww (2.80)  (2.80)  (3.97) (0.82) (-1.50) (2.28)  (227) (3.94) (0.71) (-2.18)
J 0.162 -0.919 -0.284  -0.392 0919 2073  -1.195 -1.068
nw (-0.21)  (-1.48) (-0.42) (-0.57) (-0.99) (-2.84) (-1.44) (-1.25)
ww (-0.15)  (-0.82) (-0.26) (-0.34) (-0.69) (-1.59) (-0.92) (-0.78)
of 0.221  -0.123  -0.113 -0.337  -0.201  -0.185
nw (-3.93)  (-2.16)  (-2.13) (-4.08)  (-2.61) (-2.54)
ww (-2.62) (-1.36) (-1.24) (-3.16) (-1.81)  (-1.70)
H 0.622  -0.738 0.861  -1.056
nw (-4.09)  (-4.28) (-5.66)  (-5.48)
ww (-2.43)  (-2.87) (-2.94)  (-3.54)
) 0.089 0.148
nw (2.94) (3.50)
ww (2.21) (2.93)
B -0.038 -0.060
nw (-1.52) (-1.79)
ww (-1.68) (-2.24)
By -0.113 -0.147
nw (-3.33) (-3.59)
wWW (-2.54) (-2.76)
Fy -0.082 -0.122
nw (-1.73) (-1.84)
wWW (-1.40) (-1.67)
Iy -0.062 -0.079
nw (-2.51) (-2.53)
wWW (-1.91) (-1.96)
Fy 0.040 0.037
nw (1.55) (1.06)
ww (1.33) (1.01)
Fy 0.006 0.000
nw (0.19) (-0.01)
ww (0.12) (-0.01)
Fy -0.036 -0.074
nw (-1.14) (-1.45)
ww (-0.84) (-1.21)

Adj. R? 0.08 0.08 0.13 0.19 0.24 0.06 0.06 0.12 0.18 0.24
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Table 7
Predictability Regressions of Treasury Bills: 2m Holding Period

The table reports the regression results for bond excess returns. Each month we run the following regression: rxf:ﬁh = (()T)(h) + ﬁ%T)(h)VRPt + 2;1:2 ﬁ;f)(h)Mt,j + egfh,

where h = 2 months and 7 = 3,4, 5,6 months. rzgl)h are the holding period returns of Treasury bills in excess of the yield on a 2-month zero coupon bond, VRP; is the variance
risk premium and M; ; collectively are the CP factor, the mean jump size, the Duffee hidden factor, and the Ludvigson and Ng macro factors. Coefficients are estimated with

ordinary-least squares. t-statistics are in brackets and are calculated using Newey and West (1987) and Wei and Wright (2010) standard errors, respectively. The estimates for
the constant are omitted from the table. The sample spans the period from January 1990 to September 2010.

3m 4m 5m 6m

VRP 0.006 0.008 0.005 0.006 0.008 0.008 0.008 0.004 0.005 0.006 0.009 0.007  0.001 0.003 0.005 0.015 0.010  0.001 0.005 0.008

nw (2.26)  (2.67) (1.83)  (1.77)  (2.56)  (2.36)  (2.31)  (1.21)  (1.25) (1.59) (2.05)  (1.54)  (0.24)  (0.61)  (0.95)  (2.40)  (1.62)  (0.17)  (0.60)  (0.92)
ww (1.64)  (1.92)  (1.77) (1.75) (2.38)  (2.08)  (2.27) (1.05)  (1.40)  (1.26)  (1.74) (1.49)  (0.25)  (0.84) (0.96) (2.40)  (0.92)  (0.10) (0.39) (0.60)
CcP 0.158 0.158 0.309 0.177  -0.021  0.188 0.188 0.389 0.151 -0.232  0.291 0.291 0.587 0.219  -0.319  0.352 0.352 0.838 0.224  -0.639
nw (4.88)  (4.91)  (6.79) (2.11) (-0.23)  (3.65) (3.65) (5.61) (1.35)  (-1.89)  (3.91) (3.90)  (5.14)  (1.32) (-1.74)  (3.50)  (3.50)  (5.21) (1.02) (-2.48)
ww (2.80)  (2.83)  (3.76)  (1.52)  (-0.16) (2.18)  (2.18)  (3.48)  (1.04)  (-1.45) (2.44) (2.42)  (3.89)  (1.12)  (-1.41) (2.13)  (2.12)  (4.00)  (0.87)  (-2.01)
J 0.757  0.304 0.537 0.248 0.049  -0.555 -0.134  -0.075 -1.023  -1.913  -1.260 -1.132 -2.260 -3.715  -2.628  -2.343
nw (1.91)  (0.79)  (1.10)  (0.50) (0.09)  (-0.92) (-0.17)  (-0.09) (-1.34)  (-1.86) (-1.22) (-1.07) (-2.18)  (-2.80) (-1.92) (-1.65)
ww (0.94)  (0.36)  (0.64)  (0.30) (0.05)  (-0.49) (-0.12)  (-0.07) (-0.73)  (-1.30) (-0.89)  (-0.79) (-1.20)  (-1.91) (-1.42) (-1.23)
of -0.132  -0.096  -0.071 -0.176 ~ -0.111  -0.109 -0.260  -0.159  -0.154 -0.425  -0.257  -0.242
nw (-4.49)  (-2.48)  (-1.88) (-3.90)  (-1.94)  (-2.24) (-3.39)  (-1.91)  (-2.16) (-3.79)  (-2.24)  (-2.49)
ww (-2.24) (-1.53)  (-1.10) (-2.24)  (-1.40)  (-1.33) (-2.47)  (-1.51) (-1.42) (-2.92) (-1.80) (-1.67)
H -0.229  -0.240 -0.413  -0.540 -0.640  -0.815 -1.066  -1.355
nw (-2.45)  (-2.58) (-3.42)  (-4.18) (-3.46)  (-4.15) (-4.51)  (-5.25)
ww (-1.57)  (-1.64) (-2.19)  (-2.71) (-2.46)  (-2.97) (-3.14)  (-3.74)
o 0.033 0.095 0.138 0.209

nw (1.98) (3.70) (3.78) (4.14)
ww (1.17) (2.47) (2.53) (2.77)
Fy 0.005 -0.001 -0.003 -0.028
nw (0.63) (-0.05) (-0.19) (-1.21)
ww (0.38) (-0.03) (-0.11) (-0.76)
P -0.050 -0.095 -0.120 -0.199
nw (-2.97) (-3.80) (-3.27) (-4.11)
ww (-1.59) (-2.17) (-1.93) (-2.30)
Py -0.088 -0.080 -0.122 -0.180
nw (-4.17) (-2.13) (-2.26) (-2.30)
ww (-2.48) (-1.73) (-1.91) (-2.01)
Py -0.021 -0.051 -0.067 -0.089
nw (-1.53) (-2.19) (-2.18) (-2.37)
ww (-0.97) (-1.80) (-1.79) (-1.69)
Fe 0.026 0.046 0.063 0.070

nw (1.91) (1.90) (1.82) (1.52)

ww (1.36) (1.75) (1.72) (1.36)

Fy -0.018 -0.018 -0.020 -0.010
nw (-1.00) (-0.62) (-0.52) (-0.17)
ww (-0.52) (-0.48) (-0.39) (-0.14)
Fy -0.055 -0.080 -0.122 -0.194

nw (-3.50) (-2.94) (-3.14) (-3.38)
ww (-1.96) (-2.26) (-2.66) (-2.90)

Adj. R? 0.11 0.12 0.19 0.21 0.28 0.07 0.07 0.12 0.16 0.26 0.08 0.08 0.14 0.19 0.29 0.06 0.07 0.15 0.22 0.33




LE

The table reports the regression results for bond excess returns. Each month we run the following regression: rx

where h = 3 months and 7 = 4, 5,6 months. rx

calculated using Newey and West (1987) and Wei and Wright (2010) standard errors, respectively. The sample spans the period from January 1990 to September 2010.

(1)
t+h

Table 8
Predictability Regressions of Treasury Bills: 3m Holding Period

t+h

D =B () + BT (WVRP, + 1, 87 () My + ¢

()
t+ho

are the holding period returns of Treasury bills in excess of the yield on a 3-month zero coupon bond, VRP; is the variance
risk premium and M; ; collectively are the CP factor, the mean jump size, the cycle factor, the Duffee hidden factor, and the macro factors. t-statistics are in brackets and are

VRP

i R2

0.004
(2.16)
1.77)
0.170
(5.07)
(3.03)

0.08

0.004
(2.20)
(1.72)

0.172
(5.06)
(2.98)

0.273
(0.65)
(0.37)

0.08

4m

0.005
(2.58)
(1.95)
0.250
(5.80)
(3.31)
0.091
(0.23)
(0.13)
-0.090
(-3.20)
(-1.68)

0.004
(0.85)
(0.74)

0.100
(1.27)
(0.90)

0.376
(0.60)
(0.47)
-0.067

(-1.74)

(-1.10)
-0.419

(-4.53)

(-2.99)

0.23

0.004
(0.91)
(0.74)
-0.163
(-1.63)
(-1.15)
0.075
0.12)
(0.09)
-0.062
(-1.82)
(-0.98)
-0.452
(-4.44)
(-3.05)
0.057
(2.82)
(1.85)
-0.008
(-0.88)
(-0.59)
-0.077
(-3.56)
(-2.33)
-0.073
(-2.83)
(-2.05)
-0.034
(-2.01)
(-1.50)
0.036
(2.39)
(2.10)
0.048
(1.78)
(1.58)
-0.013
(-0.57)
(-0.40)
0.30

0.008
(2.63)
(2.03)
0.214
(3.79)
(2.16)

0.05

0.007
(2.15)
(1.86)

0.207
(3.59)
(1.99)
-1.039

(-1.53)
(-0.84)

0.05

5m

0.008
(2.49)
(1.68)
0.316
(4.22)
(2.59)
-1.296
(-1.93)
(-1.04)
-0.126
(-2.47)
(-1.36)

0.07

0.002
(0.28)
(0.24)

0.109
(0.84)
(0.63)

-1.009

(-1.02)

(-0.76)
-0.117

(-1.63)

(-1.17)
-0.757

(-5.23)

(-3.18)

0.24

0.002
(0.29)
(0.24)
-0.435
(-2.35)
(-1.72)
-1.067
(-1.03)
(-0.77)
-0.121
(-1.90)
(-1.18)
-0.907
(-5.17)
(-3.50)
0.139
(3.71)
(2.38)
-0.023
(-1.77)
(-0.92)
-0.138
(-3.40)
(-2.18)
-0.111
(-2.25)
(-1.88)
-0.078
(-2.79)
(-2.02)
0.057
(2.06)
(1.93)
0.033
(1.12)
(0.66)
-0.048
(-1.56)
(-0.98)
0.36

0.017
(3.67)
(2.25)

0.273
(3.31)
(1.82)

0.04

0.013
(2.83)
(1.98)

0.254
(2.99)
(1.61)
-2.775
(-2.65)
(-1.55)

0.05

6m

0.015
(3.07)
(1.94)
0.442
(3.94)
(2.33)
-3.218
(-3.11)
(-1.79)
-0.218
(-2.62)
(-1.57)

0.07

0.001
(0.12)
(0.10)

0.152
(0.81)
(0.64)
-2.988

(-2.04)
(-1.65)
-0.232
(-2.10)
(-1.64)
-1.243
(-6.06)
(-3.79)

0.26

0.002
(0.22)
(0.18)
-0.755
(-2.67)
(-2.12)
-2.927
(-1.95)
(-1.55)
-0.225
(-2.37)
(-1.58)
-1.506
(-5.94)
(-4.15)
0.226
(3.91)
(2.73)
-0.047
(-1.89)
(-1.32)
-0.219
(-3.62)
(-2.43)
-0.188
(-2.35)
(-2.20)
-0.110
(-2.70)
(-1.90)
0.076
1.77)
(1.70)
0.043
(0.84)
(0.65)
-0.116
(-2.20)
(-1.52)
0.38
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Table 9
Predictability Regressions of Treasury Bonds Robustness

The table reports the regression results for bond excess returns. Each month we run the following regression: rmgj_)lz = BéT) + ﬁY)VRPt + 2]1;2 ﬁy—)Mt + ngv—)lZ’ where r:ri?m
are the annual holding period returns of Treasury bonds in excess of the 1 year yield, VRP; is the variance risk premium and M; ; collectively are the CP factor, the mean jump
size, the Duffee hidden factor, and the Ludvigson and Ng macro factors. Coeflicients are estimated with ordinary-least squares. t-statistics are in brackets and are calculated

using Newey and West (1987) and Wei and Wright (2010) standard errors, respectively. The sample spans the period from January 1990 to September 2010 and data is monthly.

2y 3y 4y 5y
VRP 0.022 0.014 0.016 -0.007 -0.009 0.040 0.023 0.026 -0.013 -0.018 0.044 0.022 0.024 -0.022 -0.028 0.047 0.020 0.019 -0.031 -0.036
nw (3.24)  (1.94) (2.05) (-0.57) (-0.70) (3.07)  (1.76)  (1.82)  (-0.59) (-0.76) (2.43)  (1.22) (1.23) (-0.69) (-0.85) (2.03)  (0.88)  (0.79)  (-0.77) (-0.88)
ww (2.68)  (1.44) (1.61) (-0.48) (-0.59) (2.55) (1.29) (1.42) (-0.50) (-0.63) (2.06) (0.90) (0.97) (-0.59) (-0.71) (1.84)  (0.69) (0.66)  (-0.70) (-0.77)
CP 0.630 0.582 0.743 0.774 0.202 1.089 0.991 1.194 1.042 0.230 1.545 1.413 1.524 1.203 0.242 1.647 1.485 1.364 0.737 -0.214
nw (6.21)  (5.38)  (5.01)  (3.81)  (0.82) (5.70)  (5.01)  (4.44) (2.69) (0.48) (5.88) (5.26)  (4.24)  (2.20) (0.35)  (5.06)  (4.51)  (3.05)  (1.07)  (-0.24)
ww (4.04)  (3.50) (3.73) (2.77) (0.57) (3.67) (3.18) (3.33) (1.97) (0.34) (3.77)  (3.30) (3.20) (1.62) (0.26)  (3.41) (2.97) (2.45) (0.82)  (-0.19)
J -6.861 -7.240 -8.091 -7.882 -13.793 -14.269 -15.426 -14.491 -18.554 -18.814 -19.774 -18.209 -22.839 -22.555 -23.009 -21.385
nw (-5.90) (-6.25) (-6.15) (-5.72) (-6.20) (-6.28) (-5.78) (-5.21) (-5.82) (-5.81) (-5.07) (-4.50) (-5.47)  (-5.47) (-4.59) (-4.08)
ww (-4.24)  (-4.44) (-4.65) (-4.26) (-4.63)  (-4.69) (-4.73) (-4.24) (-4.66)  (-4.61) (-4.41) (-3.91) (-4.80) (-4.67) (-4.26) (-3.83)
Z? -0.187 -0.329 -0.366 -0.235 -0.436 -0.535 -0.129 -0.356 -0.505 0.140 -0.055 -0.214
nw (-1.85)  (-3.33) (-3.86) (-1.20)  (-2.18)  (-2.77) (-0.47)  (-1.22)  (-1.78) (0.41)  (-0.15)  (-0.60)
ww (-1.40)  (-2.16)  (-2.39) (-0.93)  (-1.50) (-1.82) (-0.37)  (-0.87) (-1.22) (0.33)  (-0.11)  (-0.43)
H -0.857 -1.069 -1.889 -2.315 -2.638 -3.239 -3.535 -4.169
nw (-3.14)  (-3.46) (-3.39)  (-3.79) (-3.27)  (-3.70) (-3.44)  (-3.76)
ww (-2.38) (-2.76) (-2.68) (-3.10) (-2.63) (-3.07) (-2.86) (-3.25)
131 0.175 0.277 0.336 0.332
nw (4.33) (3.55) (2.98) (2.34)
ww (2.47) (2.07) (1.78) (1.48)
Fy -0.016 -0.031 -0.055 -0.069
nw (-0.78) (-0.76) (-0.92) (-0.94)
ww (-0.48) (-0.50) (-0.63) (-0.66)
ﬁg -0.141 -0.188 -0.220 -0.212
nw (-3.10) (-2.00) (-1.60) (-1.19)
ww (-2.01) (-1.38) (-1.13) (-0.91)
Fy -0.076 -0.026 0.037 0.054
nw (-1.13) (-0.19) (0.18) (0.20)
ww (-0.90) (-0.16) (0.16) (0.19)
ﬁ5 -0.099 -0.174 -0.234 -0.274
nw (-2.86) (-2.47) (-2.29) (-2.10)
ww (-2.12) (-1.92) (-1.83) (-1.76)
ﬁG 0.091 0.148 0.177 0.203
nw (2.79) (2.25) (1.88) (1.70)
ww (1.95) (1.67) (1.44) (1.37)
ﬁ7 0.028 0.024 0.021 -0.002
nw (0.62) (0.27) (0.16) (-0.01)
ww (0.44) (0.20) (0.12) (-0.01)
ﬁg -0.021 -0.056 -0.100 -0.131
nw (-0.51) (-0.72) (-0.89) (-0.92)
ww (-0.35) (-0.50) (-0.64) (-0.70)

Adj. R? 0.19 0.33 0.35 0.51 0.56 0.16 0.32 0.32 0.48 0.52 0.16 0.31 0.30 0.45 0.47 0.12 0.27 0.26 0.41 0.42




Table 10
Model Calibration Parameter Setting

This table reports the calibration parameter values for the real economy model similar as in Boller-
slev, Tauchen, and Zhou (2009) and Zhou (2010). The Campbell-Shiller linearization constants are
k1 = 0.9 and hence kg = 0.3251. The inflation dynamics parameters are adapted from Gallmeyer,
Hollifield, Palomino, and Zin (2009) for our sample period of January 1990 to September 2010.

PANEL A: INFLATION DYNAMICS

Model I Model 1T Model ITI Model IV Model V
Constant ar=8x10"* ar =8x107%*  a,=8x10% a,=8x10"% a,=8x107""*
Persistence pr = 0.60 pr = 0.60 pr = 0.60 pr = 0.60 pr = 0.60
Autonomous ¢, = 0.0104 pr = 0.2221 pr = 0.0073 wr = 0.0073 wr = 0.006
Consumption Prg = -0.1570 Prg = -0.1282

Uncertainty e = 0.2324 pre = 0.1897

PANEL B: REAL EcoNOMY

0 = 0.997
Preference v =2

P =1.5

g = 0.0015
Endowment a, = 0.0011

poe = 0.5

ag=2x10"°

Uncertainty p; = 0.98
pq = 0.006
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Table 11
Calibrated Model-Implied Financial Market Risk Premia

This table reports the calibration output values for bond risk premia and variance risk premia from
the stochastic uncertainty model of consumption and inflation dynamics used in this paper. The
observed bond risk premia and variance risk premia are from the empirical exercise of this paper
for the sample period of 1990-2010.

PANEL A: BoND RISK PREMIA

Data Real Model ModelI Model I Model III Model IV  Model V

2 Month Bill  0.33 1.74 1.82 1.85 0.93 1.26 0.69
3 Month Bill 0.46 2.61 2.74 2.84 1.13 1.89 0.84
4 Month Bill  0.45 3.05 3.20 3.38 1.08 2.19 0.80
5 Month Bill  0.67 3.27 3.44 3.68 0.97 2.34 0.71
6 Month Bill 0.75 3.38 3.56 3.8 0.86 2.42 0.62

PANEL B: VARIANCE RISK PREMIUM, EQUITY PREMIUM AND RISK-FREE RATE

Variance Risk Premium Data Model

Mean 16.22 10.84
Std Dev 15.94 10.34
Skewness 2.30 1.87
Kurtosis 9.51 8.04

Data Model
Equity Premium 3.58 5.61
Equity Volatility 14.60 21.91
Risk-Free Rate 1.13 1.12

Risk-Free Rate Volatility  3.37  14.61
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10° Realized Variance Prediction: AIC 10° Realized Variance Prediction: BIC
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Figure 1. AIC and BIC
This Figure plots the AIC (left) and BIC (right) using different lag length & in equation:

k
RVit22mon = @ + Bp RV, + B RVs wweek + Bru RVimon + Y By VIX?_; + €1422.mon,
=1

where RV week = 1/5 37 RVi—j, RVimon = 1/223°7_( 1RV;_; and VIX? is the square of the daily
VIX index divided by 12 x 10* x 30. We use daily data from January 1990 to February 2011.
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VIX? and Predicted Variance
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Figure 2. Market Variance Risk Premium

The upper panel plots the VIX? together with the forecasted realized variance which we calculate
from a projection:

k
R‘/t—&—22,m0n =a+ BDRV; + /BWRV;E,Week + /BMRW,mon + Z BV,iVIX%—i + €422 mon,
i=1
where RV, week = 1/5 ;o RVi—j, RVymon = 1/223°5_ 1RV;_; and VIX7 is the square of the daily
VIX index divided by 12 x 10% x 30 to convert numbers into a monthly quantity that is comparable

to RVi mon. RV; represents the daily realized variance calculated using 5 min squared returns on
the S&P 500 futures.
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Predicted Slope Coefficient: Treasury Bills 1m Holding Period Predicted Slope Coefficient: Long—Term Bonds 1m Holding Period
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Figure 3. Estimated Slope Coefficients from Univariate Regressions

The upper left (lower left) figure plots the estimated slope coefficient from regressing risk premia of
Treasury bills (bonds) with a 1 (12) month holding period on the variance risk premium (bold line).
The upper right (lower right) figure plots the estimated slope coefficient from regressing Treasury
bond risk premia with a 1 (12) month holding period on the variance risk premium (bold line). The
dashed line represents the estimated slope coefficient for the Cochrane and Piazzesi (2005) factor,
CP. The dash-dot lines are the 95 percent confidence bands for the CP factor, and the shaded areas
represent 95 percent confidence bounds for the variance risk premium. The right two panels are
using Treasury bonds up to 15 year maturity from the GSW dataset. The slope coefficients are
standardized meaning the variables have zero mean and a standard deviation of one. Coefficients
are estimated using monthly data from January 1990 to September 2010.
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Average Short Term Bonds and Fitted Value
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Figure 4. Ex Post versus Ex Ante Bond Risk Premia in Short and Long Horizons

The upper panel plots the average 1 month bond risk premium for Treasury bills with maturities
2 to 6 months (dashed line) together with the fitted value from a regression (bold line). The lower
panel plots the average 1 year bond risk premium for Treasury bonds with maturities 2 to 5 years
(dashed line) together with the fitted value from a regression (bold line).
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Empirical and Implied Slope Coefficients for brp-on-VRP Regressions
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Figure 5. Model-Implied and Estimated Slopes and R?s for 2-6 Month T-bills

The figure shows the calibrated model-implied slope coefficients and R?s (thick lines) for regressing the
2-6 months Treasury bill 1 month excess returns on the variance risk premium, along with their estimated

empirical counterparts (thin lines with circles) and 95 percent confidence bands of the slope coefficients (thin
dashed lines with circles).
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