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ABSTRACT

We study equity (EVRP) and Treasury variance risk premia (TVRP) jointly and docu-
ment a number of novel facts: First, relative to their volatility, TVRP are comparable in
magnitude to EVRP. Second, while there is mild positive co-movement between EVRP
and TVRP unconditionally, time series estimates of correlation display distinct spikes in
both directions and have been notably more volatile since the financial crisis. Third (i)
short maturity TVRP predict excess returns on short maturity bonds; (ii) long maturity
TVRP and EVRP predict excess returns on long maturity bonds; and (iii) while EVRP
predict equity returns for horizons up to 6-months, long maturity TVRP contains robust
information for equity returns at longer horizons. Finally, exploiting the dynamics of real
and nominal Treasuries we present evidence that expected inflation is power determinant
of the joint dynamics of EVRP and TVRP and their co-movement. We argue this result
is consistent with an inflation signalling role in a deflationary economic environment.
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I. Introduction

Recent episodes in the United States and Europe have underscored an important link between

interest rate expectations, volatility and bond risk premia. For example, measures of option-

implied bond market volatility have risen by 60% between mid-2014 and 2015 in expectation

of the Federal Reserve’s monetary tightening, fuelling fears of liquidity squeezes in the bond

market. Similarly, in Europe, Chairman Draghi announced in summer 2015 that ‘we should get

used to periods of higher volatility’ in an era of low interest rates. Heightened volatility is usually

associated with bad economic times and a plethora of research has documented the negative

impact of volatility shocks onto the real economy. Compensation for such shocks is measured as

the difference between expected variances under physical and risk-neutral measures, otherwise

known as the variance risk premium (VRP). Surprisingly, the extant literature studying VRP

has almost exclusively focused on equity markets with little attention given to the dynamics of

Treasury markets. In this paper we seek to fill this gap.

We document a set of novel facts about Treasury variance risk premia (TVRP), their co-

movement with the equity variance risk premium (EVRP), and the link between EVRP/TVRP

and expected stock/bond returns. First, the premium that investors are willing to pay to hedge

against changes in variance in the bond market is smaller in absolute terms than the equity

variance risk premium. However, accounting for the volatility of VRP, we document that TVRP

are economically comparable to the EVRP. Second, the conditional correlation of stock returns

and bond yields switches sign more often than the conditional correlation of stock and bond

VRPs. Third, both equity and bond variance risk premia predict equity and bond excess returns

at both short (i.e., three months) and long (i.e., twelve months) horizons: (i) short maturity

TVRP predict excess returns on short maturity bonds; (ii) long maturity TVRP and EVRP

predict excess returns on long maturity bonds; and (iii) while the EVRP predicts equity returns

for horizons up to six months, the 30-year TVRP is a formidable predictor at longer horizons.

Finally, we present evidence that expected inflation is powerful common denominator of the

findings we document. Below we expand on these points.

A first contribution of this paper is to quantify ex-ante variance risk premia for 5-year,

10-year, and 30-year Treasuries, as well as the equity variance risk premium for the S&P 500

index. The ex-ante variance risk premium is defined as the difference between the expected
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physical and risk-neutral variance. While the latter can be calculated from the cross section of

option prices in a model-free fashion, the calculation of the objective expectation requires some

mild auxiliary modelling assumptions. A priori, it is not clear what the best proxy for this

objective expectation should be. For example, Andersen, Bollerslev, and Diebold (2007) show

that simple autoregressive type models estimated directly from realized returns often perform

better than parametric approaches designed to forecast the integrated volatility. In calculating

our benchmark bond variance risk premium, we thus use the HAR-TCJ model for realized

variance proposed by Corsi, Pirino, and Renò (2010). We augment the model by including

lagged implied variance as additional regressors.1

Using data which covers the period from 1991 to 2014, we obtain the following results.

First, the size of the VRP in the bond market is orders of magnitude smaller than in the equity

market in absolute terms. More specifically, while the average equity VRP is -13.48 (monthly

and expressed in squared percent), the bond market counterparts are -3.24, -1.59, and -0.54 for

the 30y, 10y, and 5y Treasury futures, respectively. However, standardising by their volatility

in order to study their relative economic magnitude, we find that TVRP(5) < TVRP(30) <

TVRP(10) ∼ EVRP.2

Second, bond market variance risk premia are particularly large during periods of distress

which are unique to the bond market and exhibit less extreme variation in times of distress

attributable to equity markets only. To gauge in more detail the difference between the vari-

ance risk premia in bond and equity markets, we study their conditional correlation. This

observation is important since conditional correlations are a key input into any asset allocation

decision. Considering first the correlation between the TVRPs themselves, we find on average

large correlations. However, we document a pattern that correlations decrease at the onset

of recessions, when the Fed is expected to loosen monetary policy, while correlations increase

during recoveries when the Fed is expected to tighten monetary policy. Moreover, this pattern

is more pronounced the greater the wedge between maturities. Next, motivated by a vast em-

pirical literature documenting that the correlation between the S&P 500 index and long-term

Treasury returns has changed signs multiple times in the past three decades, we study the

1Recently, Bollerslev, Sizova, and Tauchen (2012) use a simple heterogeneous autoregressive RV model
to construct the stock market variance risk premium while Busch, Christensen, and Nielsen (2011) use the
augmented HAR-RV model with lagged IV to improve forecasts of realized volatility. Bekaert and Hoerova
(2014) evaluate a series of different models to obtain the “best” estimate of the ex ante equity risk premium.

2TVRP(τ) denotes the 1-month Treasury variance risk premium on a τ -year bond.
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co-movement between EVRP and TVRP at different maturities. Interestingly, we find the con-

ditional correlation between bond and equity variance risk premia to be more stable over time.

Economically, this implies that relative hedging demand against shocks to bond and equity

variance are driven by distinct factors: the pricing of equity variance risk can be large (small)

at the same time that the pricing of bond variance risk is small (large). Moreover, we find the

conditional correlation between bond and equity VRP to be faster moving than for stock and

bond returns.

Third, we study the predictive power of the bond and equity variance risk premium for

excess returns on Treasury and equity futures. Considering first a set of univariate predictability

regressions we find that the various Treasury variance risk premia significantly predict Treasury

and equity futures returns for a wide range of horizons up to twelve months. The statistical

significance is also economically relevant. For example, at the 3-month horizon TVRP(5)

and TVRP(10) are forecasting 5-year and 10-year futures excess returns with factor loadings

significant at the 1% level and point estimates that imply a 0.2 standard deviation change in

expected excess return for a 1-standard deviation shock to TVRP. We document the predictive

power of TVRP(5) and TVRP(10) is particularly strong for shorter maturity futures and shorter

horizons while the 30y excess futures return is marginally predictable by TVRP(5) but appears

unrelated to other VRPs. Next, we confirm the short run predictive power of the equity VRP for

equity excess returns for horizons up to six months. Considering the predictive power of TVRP

for equity excess returns we find a surprisingly weak connection to TVRP(5) and TVRP(10).

However, the TVRP(30) contains substantial information about expected equity returns for

horizons of 6-months and more. For instance, at the 12-month horizon we obtain a factor loading

of −0.35, a t-statistics of −4.36, and an R2 of 12%. Finally, considering a representative set

of multivariate regressions we find the predictive power of TVRP(5) and TVRP(10) for 5-year

and 10-year futures excess returns remains essentially unchanged when adding the equity VRP

as a second predictor variable. More interestingly, including both TVRP(30) and EVRP when

predicting equity excess returns we find that EVRP remains highly significant up to a 6-month

forecasting horizon after which the forecasting power is driven by TVRP(30). We argue this is

an important finding for the literature given the attention devoted thus far in studying short

run predictability of equity returns by EVRP.

We also study the predictive power of equity and bond VRPs in multivariate regressions. For
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equity returns, we find the predictive power of the EVRP and TVRP to be virtually unchanged

when we add standard predictors such to the regression. For bond returns, on the other hand,

we find well-known predictors such as the slope of the term structure and the Cochrane and

Piazzesi (2005) factor already capture the predictive power of TVRP implying compensation

for variance risk is spanned determinant of term structure dynamics.

Finally, we provide compelling evidence linking literatures studying the economics of stock-

bond correlation and variance risk premia. On one hand, motivated by an empirical literature

on non-neutrality asset pricing theory has structural models to explain this phenomenon in

terms of shocks to inflation being correlated with shocks to the real economy. On the other

hand, while a large literature documents the properties of variance risk premia on stocks, there

is little consensus of its underlying economic source.

We consider the joint dynamics of variance risk premia, stock-bond correlation, and the

co-movement between variance risk premia. Exploiting real versus nominal Treasury dynamics

we present reduced form evidence that expected inflation is a powerful common determinant.

Summarising our findings, we show that short maturity break-even inflation rates (a proxy for

expected inflation in recent years) is explaining between 33% and 48% of variation in variance

risk premia across stock and bonds. At the same time break-even rates are important determi-

nants of stock bond correlation and the correlation between variance risk premia. The economic

and statistical magnitude of these findings is large. We argue these results are consistent with

a signalling role in deflationary economies: negative inflation shocks serve as a strong signal

about future growth which raises the price agents are willing to pay to insure against volatility

risks. At the same time this shocks drive stock and bond returns in opposite directions since

stock returns are low through an expected cash flow channel while bonds serve as deflation

hedges. Finally, considering the link break-even inflation and correlation between variance risk

premia would obtain a large negative loading which is highly significant. Intuitively, defla-

tionary shocks drive a positive hedging demand against future return volatility in states where

agents are willing to pay more for this insurance.

Related Literature

Our paper relates to two different strands of the literature. The first studies variance risk premia

in reduced form. Carr and Wu (2009) approximate the value of the variance swap on individual
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stocks using portfolios of options. Martin (2013) studies a simple variance swap which can be

robustly replicated even in the presence of jumps. Bondarenko (2014) empirically documents

negative and large variance risk premia for the S&P500. While these papers only focus on

variance risk in the equity market, another strand of literature looks at the compensation for

volatility risk in the fixed income market. For example, Trolle (2009) reports that shorting

variance swaps in the Treasury futures market, generates Sharpe ratios that are about two to

three times larger than the Sharpe ratios of the underlying Treasury futures. Choi, Mueller,

and Vedolin (2016) empirically document economically large and negative variance risk premia

and argue that there are significant returns to variance trading in Treasury markets that are

comparable to those earned in the equity variance market. None of these papers studies the

joint dynamics of bond and equity variance risk premia.

More recently, Dew-Becker, Giglio, Le, and Rodriguez (2016) explore the term structure of

equity variance risk premia and find that the dynamics of the variance risk premia are difficult

to reconcile with standard consumption based asset pricing models which could be due to to

some market segmentation. In a similar vein, Barras and Malkhozov (2016) explore the equity

VRP using options and stock returns and find that while both are driven by the same economic

determinants, they are significantly different. The authors interpret their findings as evidence

for market frictions between equity and equity option markets. In line with the latter authors,

we confirm that equity and bond VRP seem to be driven by similar economic determinants,

however, our paper is silent on a potential market segmentation between option markets and

their underlying.

Our paper is also related to Adrian, Crump, and Vogt (2016) who study the predictive

power of equity volatility for stocks and bonds. More specifically, the authors propose a non-

linear relationship between returns and risk which mirrors flight-to-safety. Non-linearities are

important as standard predictive regressions using either the VIX or the realised volatility do

not reveal any significant results. Using the VIX as a proxy, they find strong predictive power

for both stock and bond portfolios at different horizons. Ghysels, Guérin, and Marcellino (2014)

find a similar results using a regime-switching model.

We are not the first to study the effect of macroeconomic variables on stock and bond

correlation. For example, Li (2002) documents that uncertainty about future inflation and

to a lesser extent the real rate are the main drivers of the time-variation in stock and bond
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correlation. Baele, Bekaert, and Inghelbrecht (2010) estimate a structural regime-switching

model and also find that uncertainty about future inflation as well as the equity variance risk

premium and stock market liquidity are important determinants of stock and bond correlation.

Similar findings are reported in Asgharian, Christiansen, and Hou (2016). Different from these

papers, we document that macroeconomic variables also drive the correlation between the

variance risk premia in equity and bond markets.

II. Estimation of Ex-Ante Variance

In this section, we describe the methods used to estimate the expected physical variance,

EP
t

(∫ T
t
σ2
udu
)

, the expected risk neutral variance, EQ
t

(∫ T
t
σ2
udu
)

, and the variance risk pre-

mium. The variance risk premium is defined as the difference between the expected physical

and risk-neutral variance, i.e.,

V RP (τ) = EP
t

(∫ t+τ

t

σ2
udu

)
− EQ

t

(∫ t+τ

t

σ2
udu

)
. (1)

Using real-time expectations of risk neutral and physical variances over a forecasting horizon

of one-month, we construct variance risk premium measures for bonds and equities. For Trea-

suries, we compute a monthly TVRP measure sampled daily beginning in 1991 using options

and futures on 5-year, 10-year, and 30-year Treasury notes and bonds. For equities, we follow

the extant literature and directly use the squared VIX as a proxy for the expected variance

under the risk neutral measure and we calculate the EVRP using high-frequency data on the

S&P 500 index.3

A. Data

To calculate implied and realized variance measures, we use futures and options data from the

Chicago Mercantile Exchange (CME). We use high-frequency intra-day price data for 5-year,

10-year, and 30-year Treasury notes and bonds futures as well as high-frequency data for the

3Alternatively, we use high frequency S&P 500 index futures data to calculate the realized variances and we
calculate implied variances using options written on the futures. The difference between the implied variances
backed out from options on the index futures and the squared VIX are negligible and all results are qualitatively
the same. Given that the VIX is widely used in the literature on equity variance risk premia we choose to the
S&P 500 index and the VIX for our benchmark results instead of following the exact same approach as for the
Treasuries.
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S&P 500 index. In addition, we use end-of-day prices of options written on the underlying

futures and index, respectively. We have data starting in 1990 until 2014.

At present, Treasury futures are only traded electronically on GLOBEX. However, histori-

cally, they were also traded by open outcry and electronic trade data only became available in

August 2000. To maximize our time span, we use data from electronic as well as pit trading

sessions. We only consider trades that occur during regular trading hours (07:20–14:00 CT)

when the products were traded side-by-side in both markets.4 The contract months for the

Treasury futures are the first five consecutive contracts in the March, June, September, and

December quarterly cycle. This means that at any given point in time, up to five contracts on

the same underlying are traded. To obtain a single time series, we roll the futures around the

28th of the month preceding the contract month.

For the equity market, it is rather straightforward to construct investable returns (and

excess returns) using the S&P 500 index or some other stock market index (see, e.g., Goyal

and Welch (2008)). However, the same is not true for bond markets where usually hypothetical

excess returns are constructed from interpolated zero coupon yields (see, e.g., Cochrane and

Piazzesi (2005)). Alternatively, one may consider daily changes in the smoothed zero coupon

yield curves. To be consistent across both the fixed income and the equity markets, and in

line with the underlying data we use for calculating the Treasury variance risk premia, we

use returns on a fully collateralised futures position. These are investable returns since both

Treasury and S&P 500 index futures are very liquid and easily tradable.

[
Insert Table I

]
Table I presents summary statistics for the one-month Treasury and equity futures excess

returns as well as for the S&P 500 index. Note that the summary statistics for both the

S&P 500 index and the S&P 500 index futures are quite close to each other, indicating that

trading in the futures is a viable alternative to going long the stock market index. In fact,

the correlation between equity cash index returns and futures returns is around 99%. The

returns on the Treasury futures as well as their volatilities are increasing in the maturity of

the underlying. The same is true for both the maximum and the minimum (in absolute terms)

monthly excess returns. Moreover, not very surprisingly, Treasury futures returns are less

4Liquidity in the after-hours electronic market is still significantly smaller than during regular trading hours.
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negatively skewed than equity returns and exhibit a slightly lower kurtosis. Compared to the

traditional approach of computing returns to zero coupon bonds, at the 1-year horizon, we

obtain correlations between our 10-year futures excess returns and 10-year zero coupon excess

returns of roughly 90%.

For options, the contract months are the first three consecutive months (two serial expi-

rations and one quarterly expiration) plus the four months in the March, June, September,

and December quarterly cycle. Serials exercise into the first nearby quarterly futures contract,

quarterlies exercise into futures contracts of the same delivery period. We roll our options data

consistent with the procedure applied to the futures.5

B. Variance Trading and Variance Risk Premia

The variance risk premium defined in equation (1) is a theoretical construct as the integrated

variance
∫ T
t
σ2
udu cannot be observed. Instead of forecasting a proxy for the integrated variance

that would lead to a proxy for the theoretical variance risk premium we focus on forecasting

the empirically relevant realized variance that leads to a realized variance risk premium that a

trader can actually earn in the market.

There are a variety of over-the-counter and exchange traded instruments that allow to hedge

or gain exposure to variance shocks, probably the most well known of which is the variance

swap. In a standard variance swap, the buyer pays the variance swap strike price (or the

expected variance under the risk neutral measure) and the seller pays the realized variance at

expiry (see, e.g., Allen, Einchcomb, and Granger (2006)). For the S&P 500 index, the squared

VIX is generally interpreted as a measure of expected variance under the risk neutral measure

(see, e.g., Martin (2013)) and in practice, the realized variance is calculated using squared daily

log returns.

Martin (2013) shows that VIX2 only corresponds to the fair price of a variance swap under

unrealistic assumptions (one of them being the absence of jumps in the underlying). Relaxing

the assumption of no jumps he then proposes a simple variance swap where the payoff is based

on normal returns instead of log returns. However, the VIX can no longer be used as the fair

5Detailed information about the contract specifications of Treasury futures and options can be found on the
CME website, www.cmegroup.com.
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strike price and instead, he defines a new index, the SVIX, and shows that the squared SVIX

is the fair strike for this new contract. While the VIX2 depends on all the cumulants of the

log returns, the SVIX2 measures only the risk-neutral variance of simple returns. Thus, Martin

(2013) suggests an approach that allows to perfectly replicate a variance contract by changing

the definition of the payoff function and by adapting the calculation of the strike price.

Bondarenko (2014) takes a different approach to tackle the problem that standard contracts

cannot be perfectly replicated. He also changes the payoff function but introduces a new

specification for the realized variance. Instead of either using the sum of squared log returns

(as in the standard contract) or the sum of squared simple returns (as in Martin (2013)), he

uses the following definition for the daily realized variance:

R̃V t,D = 2
N∑
i=1

(xt,i − log(1 + xt,i)) , (2)

where xt,i = Pi/Pi−1−1 denotes the simple return over [ti−1, ti] and N is the number of observed

intra-day returns. Bondarenko (2014) then shows that the resulting payoff can be perfectly

replicated for any partition and with jumps in the underlying. This makes the alternative

definition of realized variance particularly suitable for real-world applications as continuous

re-balancing of the replicating portfolio is infeasible in practice and variance swap payoffs are

typically calculated using daily data.

Empirically, Bondarenko (2014) finds that equity market variance risk is priced and the risk

premium is negative and large. Choi, Mueller, and Vedolin (2016) use the same specification

to introduce a variance swap contract for Treasury volatility and they show how to perfectly

replicate the contract under the added assumption of stochastic interest rates. They find that

variance risk premia in the bond market are also negative and economically significant.

C. Physical Variance

Taken the insights of Bondarenko (2014) and Choi, Mueller, and Vedolin (2016) into account, we

focus on forecasting the same specification of realized variance that is relevant from a practical

point of view and that can be perfectly replicated under realistic assumptions. However, in most

of the existing econometric papers on forecasting variance, the common proxy for the integrated

variance is a realized variance measure based on squared log returns. In the following, we first
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discuss the standard approaches for forecasting realized variance even though in our practical

implementation we forecast the R̃V defined in equation (2).

The common way to estimate EP
t

(∫ T
t
σ2
udu
)

, the expected (integrated) variance between t

and T under the physical measure, is to use empirical projections of the realized variance on

some variables in the information set. Our approach is guided by a large empirical literature

which documents the following properties of realized variance: First, realized variance features

strong persistence and additional information content in the most recent return variances (see,

e.g., Corsi (2009)) and second, the presence of potentially differing predictive information in

jump versus continuous volatility components (see, e.g., Andersen, Bollerslev, and Diebold

(2007) and Corsi, Pirino, and Renò (2010)).

Let us first consider the daily realized variance based on squared log returns which is defined

as:

RVt,D =
N∑
i=1

r2
t,i, (3)

where rt,i = logPi− logPi−1 is the intra-daily log return over [ti−1, ti] and Pi is the futures price

at time ti. For each day, we sample rt,i between 7:25 and 14:00 CT, i.e. during pit trading hours

on CME.6 In line with Andersen, Bollerslev, and Diebold (2007), we use five-minute intervals

to calculate the one-day realized variance RVt,D.

In the following, we will also make use of normalized weekly and monthly realized variances

which are computed from the daily measure as follows:

RVt,W =
1

5
×

4∑
j=0

RVt−j,D, and RVt,M =
1

21
×

21−1∑
j=0

RVt−j,D.

To include the presence of jumps, we follow the approach of Corsi, Pirino, and Renò (2010) who

document that jumps can have a highly significant impact on the estimation of future variance.

Their HAR-TCJ model for forecasting daily realized variance can be expressed as:

RVt+1,D = α + βDT̂Ct,D + βW T̂Ct,W + βM T̂Ct,M + βJ T̂ J t,D + εt+1, (4)

where the threshold bi-power variation measure (TBPVt) is used to estimate the jump com-

6For the S&P 500 index, we sample the returns between 9:30 and 16:00 ET, i.e. during the NYSE opening
hours.
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ponent T̂ J t,D = IC−Tz>Ψα × (RVt,D − TBPVt)
+. The continuous component is given by

T̂Ct,D = RVt,D − T̂ J t,D.7 T̂Ct,W and T̂Ct,M are normalized averages of T̂Ct,D.

Such a HAR-TCJ type model can be easily modified, for example, by adding extra covariates

that contain predictive power. In our most general specification, we also include current and

lagged implied variances as additional predictor variables. Moreover, since our aim is to make

real-time predictions of one month realized variance, we implement the forecasting regression

using an expanding data sample of daily observations. We require at least one year (or 252

days) of data to make the first true out-of-sample prediction. Given the available sample span,

the first variance forecast is available in July 1991. Since we are running the regression in logs,

we need to take the transformation bias into account when predicting variances. To avoid the

risk of forecasting negative variances, we further modify the regression and run it in logs instead

of levels. Then, at every forecasting step, we add one half of the mean squared error to the log

prediction before taking the exponential.

Finally, since we follow Bondarenko (2014) and Choi, Mueller, and Vedolin (2016) in using

the empirically relevant realized variance that is sampled at the daily frequency instead of the

unobservable integrated variance, we add a final tweak to the regression specification (4): We

replace the future daily realized variance calculated using high-frequency data in the LHS of

the regression equation by R̃V t+21,M =
∑21

j=1 R̃V t+i,D, the one month ahead monthly realized

variance calculated using daily data and the definition given in equation (2). In doing so, we

forecast the quantities that empirically matter and the resulting ex-ante variance risk premia

are consistent with the ex post realizations analysed in Choi, Mueller, and Vedolin (2016).

Hence, the regression specification for our benchmark model looks as follows:

ln R̃V t+21,M = α + βC,D ln T̂Ct,D + βJ,D ln(1 + T̂ J t,D) + βC,W ln T̂Ct,W + βC,M ln T̂Ct,M

+ βIV,0 ln IVt + βIV,1 ln IVt−1. (5)

Note that the regression is run using daily data but the forecasting horizon is one month.

In Panel A of Table II we present the summary statistics for our monthly realized variance

predictions. For ease of interpretation, we present them as annualised volatilities by taking the

square of the variance forecasts and multiplying by the square root of 252. In line with earlier

7The expression for the threshold bi-power variation, TBPVt, is given in Corsi, Pirino, and Renò (2010).
We use confidence level α = 99.9%.
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research, we find that the average realized volatility for the stock market is around 16% with

a standard deviation of 7%. Realised volatilities of bonds are lower ranging between 4% (for

the 5-year Treasuries) and 9.3% (for the 30-year Treasuries). We note that all four realized

volatility measures are highly persistent as indicated by the AR(1) coefficients close to 0.85.

[
Insert Table II

]
D. Implied Variance

To calculate the expected variance for the Treasuries under the risk-neutral measure, we use a

cross-section of options on Treasury futures. We follow Choi, Mueller, and Vedolin (2016) who

show how to construct the fair strike price in a Treasury variance swap that is robust to jumps

and allows for stochastic interest rates. For the S&P 500 index we simply follow the extant

literature and use the squared VIX.8

In Panel B of Table II, we present the summary statistics for the annualised implied volatil-

ities (i.e., the square root of the variance). The averages are in line with the values for the

physical variances but all of them are higher, implying that we expect variance risk premia to

be negative on average. The average implied volatility for the stock market is roughly 20%

for our sample period, whereas the implied volatility for the Treasuries ranges between around

4.7% (5-year Treasuries) and 11% (30y Treasuries). Similar to the realized volatility measures,

implied volatilities are highly persistent with autocorrelation coefficients as high as 0.86.

[
Insert Figure 1

]
Figure 1 plots the time series of the expected physical and risk neutral volatilities of equities

and 30y Treasuries, respectively. Consistent with the extant literature, the magnitude of the

spikes in equity volatility is much bigger. For example, during the LTCM crisis of 1998 the

annualised realized volatility spikes considerably, whereas the spike in fixed income markets is

much more subdued and around half the size of the one observed in equity markets. The same

holds true at the time of the Lehman default, 15 September 2008 when implied volatility on the

equity index spikes at around 60%, while fixed-income implied volatility was at around 24%.

8As previously mentioned, applying the same procedure used for Treasury futures and options to S&P 500
index futures and options leads to estimates of implied variance that are nearly perfectly correlated with the
squared VIX that we are using in the analysis.
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III. Descriptive Analysis

Using the proxies for the expected variances under the physical and the risk-neutral measures

introduced in Section II, we now proceed to calculate the ex-ante variance risk premia for stocks

and bonds.

A. Basic Properties

Panel C of Table II reports summary statistics for the equity and Treasury variance risk premia

(subsequently denoted EVRP and TVRP, respectively) in monthly terms and expressed in

squared percent. As expected, variance risk premia are negative on average both for the equity

index as well as the Treasuries. For the S&P 500 index, the average variance risk premium is

−13.5, while for Treasuries, the variance risk premia increase (in absolute terms) from −0.54

for the 5-year to −3.24 for the 30-year Treasury bond futures. In terms of more intuitive

volatility risk premia this corresponds to average volatility risk premia of −4.3% p.a. for the

S&P 500 index, and −0.7%, −1.3% and −1.8% p.a. for 5-year, 10-year and 30-year Treasuries,

respectively. Table II also shows that the volatility of variance risk premia varies substantially

across assets, increasing in the maturity of the underlying for the Treasury futures with the

highest volatility for equity variance risk premia. Given this variability, a better economic

comparison between VRP on stocks versus bonds should consider their level standardized by

their volatility. Figure 3 plots these statistics alongside standard error bounds computed using

a bootstrap procedure, which reveals the relative economic ordering: TVRP(5) < TVRP(30)

< TVRP(10) ∼ EVRP.

[
Insert Figure 3

]
B. Time-Series Evidence

It is instructive to compare the time-series dynamics of variance risk premia across stock and

bonds. Figure 2 plots monthly sampled one-month variance risk premia with Panel A containing

the plots of bond variance risk premia while Panel B plots the equity variance risk premia along

with the 30-year TVRP for comparison. We note several interesting observations. First, TVRP

are almost always increasing in maturity of the underlying bond not only on average but also
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over time. We also find bond variance risk premia to be countercyclical, meaning they are

large (in absolute values) during bad times such as the recent financial crisis (2008–2009),

the mortgage refinancing boom (2002–2003) and smaller during normal times.9 With regards

the comparison of EVRP and TVRP we first note that EVRP are much larger than TVRP.

For example during the LTCM debacle and the recent financial crisis, the equity variance risk

reaches −60 (in squared percent), while the most extreme variance risk premium in the 30y

bond is around −20 observed in August 2013 around the Tamper Tantrum. Second, while the

equity variance risk premia as well as the 30-year TVRP are always negative, the 5-year and the

10-year TVRP can sometimes turn positive. Based on data sampled at the monthly frequency,

the 5-year TVRP is positive around 9% of the time while 10-year TVRP is positive less than

1% of the time. Third, stock and bond variance risk premia display distinct dynamics around

noteworthy episodes. The following discussion highlights this point.

[
Insert Figure 2

]
• Case Study 1: A Tale of Equity

The failure of Long Term Capital Management (LTCM) nearly blew up financial mar-

kets, potentially triggering a catastrophe for the global economy. Testifying to this Alan

Greenspan, then Chairman of the Federal Reserve, stated that “Had the failure of LTCM

triggered the seizing up of markets, . . . , and could have potentially impaired the economies

of many nations, including our own”. Comparing the dynamics of equity versus bond

variance risk premia we document a surprising result. While the spike in ex-ante equity

variance risk premia is huge a corresponding spike in Treasury variance risk is largely

absent. The reason why this is surprising is two-fold: The Federal Reserve facilitated

negotiations between LTCM and primary dealers to take over the balance sheet of LTCM

after they were unable to fulfill their margin calls. The broker-dealers absorbed a large

amount of risk for this event. Second, the reason LTCM blew up was largely due to fixed

income statistical arbitrage trading. Indeed, when Russia announced restructuring of its

Sovereign bond payments on August 17th 1998, thus defaulting on its debt, LTCM lost

over $500 million in less than a week.

9We formally test the correlation between variance risk premia and observable macro economic variables in
a following section.
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• Case Study 2: A Tale of Fixed Income

While the shocks to variance risk premia were largely concentrated in the equity market

around the LTCM episode, the ‘Taper Tantrum’ provides an informative counter exam-

ple. The Taper Tantrum in the summer of 2013 was largely precipitated by a string of

comments on the part of Ben Bernanke, Chairman of the Federal Reserve at the time.

In his testimony before Congress in May and June 2013 Bernanke hinted that the Fed

would likely start tapering the pace of its bond purchases later in the year, conditional on

continuing robust economic data. The ensuing market reaction was dramatic: Long-term

U.S. bond yields and dollar FX rates spiked substantially, as did realised stock and bond

variance. What is more interesting, however, is the dynamics of risk neutral versus phys-

ical variance across stock and bonds. Figure 6 plots the EVRP and the 30-year TVRP

in the aftermath of the Taper Tantrum. Between June and December 2013, the 30-year

Treasury variance risk premium increases three-fold as wrong-footed market participants

are desperate to hedge their volatility exposure in Treasury markets and willing to pay a

premium for this. It is important to note that during this period spikes in variance risk

premia are contained in the fixed income markets. Indeed, while equity volatility spikes

following Ben Bernanke’s statement, the equity variance risk premium does not change

much.

C. Co-movement

Motivated by the previous example we now examine the co-movement between stock and bond

variance risk premia. We study time-varying correlations between equity and Treasury variance

risk premia by estimating a dynamic conditional correlation (DCC) model as follows: First, we

estimate a VAR on daily data on all Treasury and Equity VRP levels jointly.10 Next, taking the

four residual time series from the VAR, we estimate a DCC(2,2) model via maximum likelihood

to extract the time-varying correlations between the various series.

[
Insert Figures 4 and 5 about here

]
10We choose 120 lags (roughly six months based on 250 trading days per year) to capture the autocorrelations

and cross-autocorrelations in the daily data. However, our results are not materially different if we use a smaller
number of lags. In addition, we pre-filter the variance under the risk-neutral measure by taking a monthly
rolling average. This removes some of the noise in the implied variance time series.
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To estimate the time-varying correlations for stock and bond returns we use the daily log

changes in the respective futures. We plot the resulting correlation series in Figure 4 while

Figure 5 displays the dynamic correlation between variance risk premia. In both cases, Panel

A plots the correlation between Treasury returns and Treasury VRP, respectively, while Panel

B plots the conditional correlations between equity returns or equity VRP on one hand and

Treasury returns or Treasury VRP on the other hand.

The figures show distinctly different patterns. First of all, returns to Treasury futures are

highly correlated throughout with correlations close to 90% on average for all three contracts.

Second, the correlations between equity and fixed income returns are time-varying with large

swings from around +40% in the mid 90s to −50% in the early and late 2000s. This pattern

is largely in line with the results presented in Campbell, Sunderam, and Viceira (2016) and

reflects the changing risks of nominal bonds over time. When considering the variance risk

premia, however, different patterns emerge. While correlations among TVRP are still positive

throughout, they are considerably smaller compared to the correlations among returns, rarely

exceeding 80%. At the same time, correlations between TVRP and EVRP are also largely

positive, although smaller on average: they hover around 20% with distinct spikes in both

directions and they do turn negative occasionally. For example, since the financial crisis the

EVRP/TVRP correlation reached a maximum of 60% and a minimum of 0% displaying large

swings in the run up and following the Taper Tantrum.

IV. Predictive Regressions

In this section, we investigate to what extent our measures of ex-ante variance risk premia

contain predictive power for bond and stock excess returns. In particular, we study the in-

sample predictive power of bond and equity variance risk premia for fixed income and equity

excess returns. It is instructive to note that while the predictability regressions we run are

in-sample, our proxies for the variance risk premia are constructed without any forward looking

bias. More importantly, the predictors we use are observable in real time.

First, we study predictability by running univariate regressions of excess returns on the

variance risk premia. As discussed in the previous section, we again use returns on a fully

collateralised futures position in either Treasury or S&P 500 index futures in our predictive
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regressions. This ensures that both return series are not only investable but also directly

comparable. Second, we add commonly used control variables to our univariate regressions to

study how robust TVRP and EVRP are for predicting future excess returns.

A. Univariate Regressions

We run univariate predictability regressions for Treasury futures with underlying maturities

between five and thirty years, and for the S&P 500 index futures. The forecast horizons range

between one and twelve months:

xrt
(i)
t+h = αi,h + βi,hV RP

(i)
t + ε

(i)
t+h,

where xrtt+h denotes the h-period excess return and i stands for the VRP (either 5y, 10y, or

30y Treasuries, or the S&P500 index futures).

All regression results we report are standardised, i.e., we normalise all regressors and regres-

sands to have a mean of zero and a standard deviation of one. As a result, constants appear

nowhere in our specifications. The normalisation not only allows us to compare coefficients

across different specifications, but it also helps our interpretation of economic significance. We

report t-statistics that are calculated using Newey and West (1987) standard errors with twelve

lags. Table III summarises the univariate regression results. Panels A through D contain the

predictability regressions for the three Treasury and the equity variance risk premia regressions,

respectively.

[
Insert Table III

]
Panel A reports the results for the S&P 500. In line with the extant literature (see, e.g.,

Bekaert and Hoerova (2014) and Bollerslev, Tauchen, and Zhou (2009)), we find that the equity

VRP has significant predictive power for equity returns at intermediate horizons. For example,

at the one-month horizon, a one standard deviation (negative) shock to the VRP predicts a

0.13 standard deviation increase in S&P 500 returns. As we increase the horizon the slope

coefficient doubles to 0.25 and 0.24 for the three- and six-month horizon, respectively. For the

one-year horizon, the coefficient decreases again to 0.17. Considering the impact of Treasury

VRP on equity returns we find that neither the 5y nor the 10y variance risk premium have
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any predictive power for the S&P 500 at any horizon. However, we do find highly significant

and economically relevant predictive power from the 30y VRP for the S&P 500. For example,

we find that while at the one-month horizon there is no predictive power, for the six- and

twelve-month horizon, t-statistics are −4.15 and −4.36, respectively. Comparing the economic

impact of equity versus 30y VRP, at the 6-month horizon we find a one standard deviation

(negative) shock to the 30y bond variance risk premium raises equity returns by 0.3 standard

deviations, which is in fact larger than the impact of equity VRP. To study what happens at

horizons longer than one year, we plot in Figure 8 t-statistics and R2 for a horizon of up to two

years. The R2 for the equity VRP features the well-known hump shape, we note, however, that

the R2 for the 30y bond VRP increases with the horizon. In this sense, predictability arising

from variance risk premia on very long term bonds more closely resembles price-dividend (long

run) predictability than equity variance risk premium (short run) predictability. We study this

angle in more detail in the following.

[
Insert Figure 8

]
Panel B presents predictive regression results for the 5y bond returns. We find that the

equity variance risk premium has no predictive power for the 5y bond returns at any horizon.

However, we find that both the 5 and 10y bond variance risk premia have strong predictive

power for 5y bond returns and a similar pattern emerges as for the equity returns. While there

is no predictive power for the shortest horizon, estimated coefficients are highly significant

starting at a horizon of three months. Estimated coefficients increase both for the 5 as well

as the 10y variance risk premium. However, for the 30y variance risk premium we find no

predictive power except for the one year horizon, for which the t-statistic is −2.19.

Panel C mirrors the findings of panel b for the 10y bond returns. Again, we find that both

the 5 and 10y bond variance risk premia have strong predictive power which increases with the

horizon. The 30y bond variance risk premium, on the other hand, is not statistically significant.

Finally, for the 30y bond returns (presented in panel D), we find that only 5y variance risk

premium has significant predictive power for bond returns between 3 and 12-months while the

TVRP(10) contains some power but only at 12-months.

[
Insert Figure 8

]
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We present longer horizon t-statistics and R2 for the bond returns in Figure 8. We note that

both the 5 and 10y bond VRP have the strongest predictive power at the one year horizons as

we observe an U-shaped pattern for the t-statistics: They increase with the horizon and then

start to decrease again. For the 30y bond returns, the strongest predictive power is at around

20 months but the it reverts back again.

B. Multivariate Regressions

We now want to study whether equity and bond variance risk premia can jointly predict equity

and bond excess returns. To this end, we run a regression from the equity excess returns onto

the equity and bond variance risk premium jointly. Since the different variance risk premia

across tenors are highly correlated, we only include one bond variance risk premium at a time.

Panel A of Table IV reports the results. We find that the equity variance risk premium

remains a highly statistical significant predictor even when adding the bond variance risk pre-

mia. As in the univariate results, neither the 5- nor 10-year bond variance risk premia have

predictive power for equity returns. However, the 30y bond variance risk premium is highly

statistically significant for horizons six and twelve months. Interestingly, we find that the 30y

bond variance risk premium drives out the predictive power of the equity variance risk premium

at the annual horizons. This result is important since it suggests long term bond variance risk

premia and equity variance risk premia capture different dimensions of compensation for asset

return variance.

In Panels B to D, we focus on a set of bivariate regressions where we add the equity VRP

as a second predictor variable to either the 5y, 10y, or 30y bond VRP:

xrt
(i)
t+h = αi,h + βi,hTV RP

(i)
t + βEV RP,hEV RPt + ε

(i)
t+h,

where EV RPt denotes the equity VRP and TV RP (i) stands for the respective bond VRP.

The results from the univariate regressions mostly carry over to the bivariate case: 5y TVRP

and 10y TVRP have strong predictive power for horizons above one month whereas neither the

30y nor the equity VRP are significant. In summary, the TVRP retain their predictive power

when paired in a horse race with the equity VRP. At the same time, the 30y TVRP drives out

the equity VRP as a predictor of stock excess returns.
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C. Controls

We now study the extent to which the predictive ability of variance risk premia is related to

alternative forecasting factors studied by the literature. In the context of equity predictability

we consider the the log dividend yield (DY), the log earnings to price ratio (EP), and the

net equity expansion (NTIS) from Goyal and Welch (2008). In the context of bond return

predictability we consider the slope (Slope) as in Fama and Bliss (1987), the forward rate factor

(CP) first studied by Cochrane and Piazzesi (2005), and two macro factors extracted from a

large panel macro growth rates as in Ludvigson and Ng (2009). Table V reports estimates for

equity and table VI reports results bonds. Top panels in each table report findings for 6-month

holding periods and bottom panels report findings for 12-month holding periods.[
Insert Tables V to VI

]
We noted above when discussing table IV that TVRP(30) predictability is capturing a

different dimension of risk than equity VRP and TVRP(30) predictability resembles DY pre-

dictability in terms of the pattern in long horizons R2’s. Indeed, comparing the equity pre-

dictability columns of table IV, column 4 of table V we see the price dividend ratio is driving

out TV RP (30). This result suggests part of the variability in the price dividend ratio that

pertains to discount rates is coming is coming from compensation for volatility risk. Volatility

risk compensation that is showing up in long term bonds but is largely orthogonal to equity

variance risk premia itself. Finally, we note TVRP(30) predictability is robust to the EP and

NTIS factors.

Consider 10 Year Treasury futures returns we find that TVRP(10) predictability is not

related to conditional first moments of macro (LN1 and LN2) however TVRP(10) predictability

is correlated with Slope and CP predictability. In fact slope and CP are driving out TVRP

predictability which implies part of the variability in the slope and CP factors that is related to

volatility risk is due to volatility risk compensation. This result is interesting in the context of

the seminal findings by Duffee (2002) that the slope does not proxy for volatility which spawned

a vast literature developing term structure models with flexible price of risk specifications.

Our findings show that while the slope does not proxy volatility itself, it does proxy for

volatility risk compensation. This finding also relates to a recent literature that studies the

spanning properties of bond yields (Joslin, Priebsch, and Singleton (2014) and Duffee (2011)).
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This literature shows that many factors useful in understanding future yields and not contained

in the yield curve today, a property that is difficult to reconcile within standard structural

settings. Our findings on Treasury variance risk premia are, in fact, the intuitive result: the

underlying state variables driving variance risk premia are also common to date t yields. The

final rows of table VI make this point clear in a two stage regression. First, we project TVRP(10)

on Slope and CP factors

TV RPt(10) = α + (−0.49)︸ ︷︷ ︸
−4.48

Slopet + error
Slope
t , R2 = 24% (6)

TV RPt(10) = α + (−0.31)︸ ︷︷ ︸
−3.19

CPt + errorCP
t , R2 = 10% (7)

and take the fitted value as that component spanned by the slope / CP and uncorrelated

residual component. The final specification considers this decomposition and shows that the

component of Treasury variance risk which is forecasting expected excess bond returns is indeed

in the date t information set common to yields.

V. Real Nominal Risks

The correlation between stock and bond returns has varied substantially over time. Between

the early 1960’s and mid 1990’s stock-bond correlation was positive and so bonds were consid-

ered risky. Figure 4 shows that around the LTCM crisis stock-bond correlation flipped sign and

became negative. Post dot-com bubble, there was a period of close to zero stock-bond corre-

lation which became then turned very negative during the financial crisis and has remained so

since; thus, bonds now command a negative risk premium and are considered hedges.

Motivated by an empirical literature on inflation non-neutrality a stream of the literature

has tried to understand this phenomenon in terms of shocks to inflation being correlated with

shocks to the real economy. For example, Piazzesi and Schneider (2007) assume that investors

dislike shocks to inflation for two reasons: (i) it lowers the payoff on nominal bonds; and (ii)

it is bad news for future consumption growth. The second effect can be large when investors

have recursive utility with preference for early resolution of uncertainty à la Bansal and Yaron
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(2004). Hasseltoft (2009) considers the impact of this setting for dividend growth and studies

the joint properties of the ‘Fed Model’ and the stock-bond covariance.11 Campbell, Sunderam,

and Viceira (2016) study real-nominal covariance in the context of a latent factor quadratic

term structure model. In the context of a New Keynesian framework Campbell, Pflueger, and

Viceira (2014) argue that monetary policy shifts in reaction to supply versus demand shocks

alter the relationship between stocks and bond in way that can also rationalise these findings.

At the same time, a large but separate literature has devoted attention to studying variance

risk premia. In reduced form, Carr and Wu (2009), Martin (2013), and Bondarenko (2014) use

different approaches to reach the common conclusion that equity variance risk premia are large,

negative and displays substantial time-variation, especially in periods of distress, financial and

economy uncertainty. A smaller but growing literature studies Treasury variance risk premia.

Trolle (2009) reports that shorting variance swaps in the Treasury futures market generates

Sharpe ratios that three times larger than the Sharpe ratios of the underlying Treasury futures.

Choi, Mueller, and Vedolin (2016) empirically document large and negative Treasury variance

risk premia and argue that there are significant returns to variance trading in Treasury markets

that are comparable to the equity variance market. In the context of equity variance risk

premia, Bollerslev, Tauchen, and Zhou (2009), Zhou and Zhu (2009), and Bollerslev, Sizova,

and Tauchen (2012) each study economies with long run risks and recursive preferences. When

preferences are time-non-separable volatility risk is priced and gives rise to a natural structural

understanding of variance risk premia.

Surprisingly, little attempt have been made to link these literatures. The section argues the

existence of a common factor determining stock-bond correlation, variance risk premia, and the

correlation between variance risk premia.

[
Insert Table VII

]
Table VII reports contemporaneous OLS estimates from regressing variance risk premia

(VRP), stock-bond correlations (SB Corr), and variance risk premia correlations (VRP Corr)

on the first two principal components of the nominal term structure and four-quarter ahead con-

sensus forecasts for consumer price inflation from BlueChip Financial forecasts.12 The sample

11The Fed Model is the often used term to describe the positive relation between US dividend yields and
nominal interest rates.

12To keep the results manageable we drop the 5-year Treasury variance risk premium. The results for this
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period is 1992:01 to 2013:12 for all regressions.

First, considering Treasury variance risk premia regressions only, we obtain R2’s between

29% and 26% for TV RP 10 and TV RP 30, respectively, implying that a significant degree of

variation in compensation for variance risk is spanned by the term structure. For the long

term bond VRP the level of the term structure has a positive and highly significant loading.

Remembering that TVRP are negative on average, this implies that negative shocks to short

term interest rates, such as rate cuts by the Federal Reserve, raise (in absolute terms) the

compensation required for holding volatility risk on long term bonds. The slope of the term

structure loads with a highly significant and negative coefficient on both TV RP 10 and TV RP 30.

This is interesting since a steep yield curve is often interpreted as a signal of increased risk

through a term premium component. Our results show that this interpretation correlates

positively with an increase in the component for variance risk. Considering EVRP, the level of

the term structure also has a significant loading similar to the TV RP 30. Moreover, expected

inflation is a highly significant determinant entering with a positive loading and a t-statistic of

4.36. In economic terms, the factor loading implies a 1-standard deviation negative shock to

expected inflation raises EVRP by 0.62 standard deviations. We discuss the interpretation of

this result below.

Next, considering stock-bond correlations we obtain a very large, in both economic and sta-

tistical terms, implied relationship to the level of the term structure. Moreover, even controlling

for the level of the term structure, expected inflation is also positive and significant at the 1%

level. This finding is somewhat stronger but consistent with the empirical evidence presented

by Hasseltoft (2009) and David and Veronesi (2015). Their theoretical interpretation is that the

level of yields and expected inflation play a negative signalling role for future economic growth

in inflationary environments (i.e., pre-2000) and a positive signalling role in deflationary envi-

ronments (i.e., post-2000). The net result is a positive link between stock-bond correlation and

these factors.

[
Insert Tables VIII and IX

]
tenor are the same as for the 10-year tenor and are available on request. Principal components of yields are
computed using maturities between two and ten years. The slope (or second PC) is rotated such that a positive
shock to this factor raises long term yields and lowers short term yields. T -statistics are reported in parentheses
and computed using Newey and West (1987) standard errors with twelve lags. Left and right hand variables
are standardized.
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An important literature documents that the correlation between real and nominal variables

flips sign in the late 1990s and early 2000s (see, for example, Campbell, Sunderam, and Viceira

(2016)). This structural shift in the economy is important for learning about real-nominal risks

in the context of the questions we ask. Motivated by the extant literature we consider the

post-2000 subsample which contains two deflationary recessions (2001–2002 , 2007–2008), the

financial crisis and the subsequent policy response by the Federal Reserve. An advantage of

considering this period in isolation is that the U.S. Treasury Department began issuing inflation

protected securities (TIPS) in the late 1990s. This allows us to consider a simple combination

of real and nominal yields that span real-nominal risks with date t tradeable securities, which

lends itself to a (semi-) structural interpretation.

Table VIII considers the left hand variables above projected on the first two principal com-

ponents of the real term structure and two year break-even inflation computed as the difference

between nominal and real yields with a two year maturity.13 The sample period is 2000:01 to

2013:12. Table IX repeats this exercise replacing real term structure PCs with nominal term

structure PCs. In tables VIII and IX, consistent with table VII, we find a positive signifi-

cant relationship between TV RP 30 and the level of yields and a negative relationship between

TV RP 10 and the slope of the term structure. In terms of VRPs, we find a remarkably strong

relationship between break-even inflation and VRPs on stock and bonds. In table VIII we

obtain factor loadings ranging from 0.64 to 0.71 with p-values well below the 1% level. The

explanatory power is also large ranging from 33% on EV RP to 48% on TV RP . Estimates in

table IX are quantitatively the same. We interpret this finding as follows.

Standard textbook algebra tells us that 2-year break-even inflation is equal to expected

inflation plus the 2-year inflation risk premium. In a low inflation environment such as the

post 2000 experience break-even inflation is likely to be dominated by expected inflation. This

suggests an interpretation consistent with the positive loading obtained for the full sample:

expected inflation playing a positive signalling role about the real economy. This channel is

often dubbed the inflation proxy hypothesis.14 Consider the 2007–2008 recession and subsequent

13Principal components are again computed using 2- to 10-year maturities and the slope (or second PC) is
rotated such that a positive shock to this factor raises long term yields and lowers short term yields. t-statistics
are reported in parentheses and computed using Newey and West (1987) standard errors with twelve lags. Left
and right hand variables are standardized.

14The inflation proxy hypothesis was first coined by Fama (1981) while investigating the an empirical link
between stock returns and inflation.
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financial crisis during which the U.S. economy experienced a deflationary episode. Consistent

with the inflation proxy hypothesis investors interpreted series of negative inflation shocks as

bad news about future growth. These shocks raised the price agents were willing to pay to insure

against future risk (volatility) thus increasing variance risk premia across stock and bonds. A

subsequent series of positive shocks was interpreted as good news compressing variance risk

premia. Next, considering the link break-even inflation and correlation between variance risk

premia would obtain a large negative loading which is highly significant for all bond maturities

and in both tables VIII and IX. Intuitively, this implies that deflationary shocks are driving a

positive correlation for volatility hedging across stocks and bonds at a time when agents are

willing to pay more for this insurance.

VI. Conclusion

We document a set of novel facts about variance risk premia on stock and bonds.

First, the premium that investors are willing to pay to hedge against changes in expected

bond variance is smaller in absolute terms than the equity variance risk premium. However,

accounting for the volatility of VRP, we document that the economic magnitude of variance

risk premia on bonds is as large as that on stocks. Understanding these magnitudes poses an

interesting challenge for future asset pricing models.

Second, the correlation between stock and bond VRP is unconditionally positive (∼ 20%)

but conditionally displays high frequency variation ranging between 0% and 60% and has been

especially volatile since the financial crisis. These dynamics are distinct from the well studied

pattern of stock-bond return correlation thus lending a novel channel through which to learn

about pricing of volatility risk.

Third, both equity and bond variance risk premia predict equity and bond excess returns

at both short horizons (3-months) and long horizons (12-months): (i) short maturity TVRP

predicts excess returns on short maturity bonds; (ii) long maturity TVRP and EVRP predict

excess returns on long maturity bonds; and (iii) while EVRP predicts equity returns for horizons

up to 6-months, long maturity TVRP is a formidable predictor at longer horizons.

Finally, we investigate the common economic determinants of variance risk premia, stock-

bond correlation, and the co-movement between variance risk premia. Using regression based
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evidence on nominal Treasuries, real Treasuries and survey data we present reduced form evi-

dence that expected inflation is a powerful determinant for each of these quantities. We leave

a structural interpretation for future research.
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VII. Appendix: Figures
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Figure 1. Expected Physical and Risk Neutral Volatility
Panel A plots the time series of the ex-ante physical and risk neutral 30-year Treasury volatility, while
Panel B plots the same time series for the equity volatility. For the Treasury volatilities we use options
on the Treasury futures as well as the underlying high-frequency price data. For the ex-ante risk-
neutral equity volatility we use the VIX index and to calculate the ex-ante physical volatility we use
data on the S&P 500 index. The calculation details of both measures are discussed in the main body
of the paper. All series are annualized and expressed in percent. Data is monthly and runs from 1991
to 2014.

30



1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
-20

-15

-10

-5

0

Panel A: Treasury variance risk premia

30y

10y

5y

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
-80

-60

-40

-20

0
Panel B: Equity variance risk premia

30y

SP

Figure 2. Equity and Treasury Variance Risk Premia
This figure plots the time series of Treasury and equity variance risk premia. Panel A compares
Treasury variance risk premia on 5, 10, and 30-year Treasury futures and Panel B compares variance
risk premia on 30-Treasury bond futures to the equity variance risk premia as measured by the S&P
500 index. Variance risk premia are calculated as the difference between the ex-ante physical and risk
neutral variances as discussed in the main body of the paper. The time series are in monthly terms
and expressed in squared percent. Data is monthly and runs from 1991 to 2014.
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Figure 3. Standardised Variance Risk Premia
This figure plots the magnitude of variance risk premia on the S&P 500 index as well as Treasuries
relative to their volatility. Standard errors plotted in black are computed using a bootstrap procedure
with 1000 repetitions. The data used to compute this plot runs from 1991 to 2014.
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Figure 4. Conditional Correlations between Equity and Treasury Returns
Panel A plots the conditional correlations among daily Treasury futures returns (5-year, 10-year, and
30-year), while Panel B plots the conditional correlations between daily Treasury futures returns (5-
year, 10-year, and 30-year) and returns on the S&P 500 futures. Conditional correlations are calculated
by estimating a DCC model on daily data. The data is sampled at the monthly frequency and runs
from 1991 to 2014.
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Figure 5. Conditional Correlations between Treasury and Equity Variance Risk Premia
Panel A plots the conditional correlations among daily Treasury variance risk premia (5-year, 10-year,
and 30-year), while Panel B plots the conditional correlations between daily Treasury variance risk
premia (5-year, 10-year, and 30-year) and variance risk premia on the S&P 500 index. Conditional
correlations are calculated by estimating a DCC model on the residuals from a VAR using daily variance
risk premia. The data is sampled at the monthly frequency and runs from 1991 to 2014.
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Figure 6. Variance Risk Premia around LTCM and Tamper Tantrum
Panel A plots the 30-year Treasury futures and equity variance risk premia between January 1997 and
December 1999. Panel B plots the 30-year Treasury futures and equity variance risk premia between
January 2013 and December 2013. Data is daily and the time series are slightly smoothed by taking
five day rolling averages.
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Figure 7. Futures Excess Returns Long Horizon Predictability
This figure plots R2 obtained from the h-period univariate predictability regressions: xrtjt+h = αi,h +

βi,hV RP
(i)
t + ε

(i)
t+h, where j is 5y, 10y, 30y, SPX, respectively. The sample period is 1991 to 2014 for

all regressions. Left and right hand variables are standardised.
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Figure 8. Futures Excess Returns Long Horizon Predictability
This figure plots t-statistics obtained from the h-period univariate predictability regressions: xrtjt+h =

αi,h +βi,hV RP
(i)
t + ε

(i)
t+h, where j is 5y, 10y, 30y, SPX, respectively. The sample period is 1991 to 2014

for all regressions. Left and right hand variables are standardised.
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VIII. Appendix: Tables

Table I. Summary Statistics: Futures Excess Returns
The table reports summary statistics for 1-month returns in excess of the one-month Treasury Bill rate for 5-year, 10-
year, and 30-year Treasury bond futures and the S&P 500 index futures. For comparison, we also report the one-month
excess returns on the S&P 500 index. Means and standard deviations are annualized and expressed in percent. Data is
monthly and runs from 1991 to 2014.

30y Bond 10y Bond 5y Bond S&P 500
futures

S&P 500
index

Mean 1.52 1.51 0.09 2.91 3.91

Std Dev 9.47 6.17 4.15 14.86 14.90

Min -10.62 -6.05 -3.42 -19.07 -18.64

Max 12.78 8.29 5.13 10.57 10.23

Skew -0.01 0.11 0.09 -0.82 -0.80

Kurt 5.29 4.43 3.93 4.86 4.71

AR(1) 0.04 0.10 0.15 0.08 0.06
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Table II. Summary Statistics: Implied Volatilities and Variance Risk Premia

Panels A and B report summary statistics for one-month projected physical and risk neutral
volatilities for 5-year, 10-year, and 30-year Treasury notes and bond futures and the S&P
500 index, respectively. Panel C reports the corresponding statistics for the variance risk
premia defined as the difference between realized and risk-neutral variances. Volatilities are
annualized and expressed in percent. Variance risk premia are in monthly terms and expressed
in squared percent. All series are sampled at the monthly frequency and data runs from 1991
to 2014.

30y Bond 10y Bond 5y Bond S&P 500
index

Panel A: Physical Volatility

Mean 9.28 5.95 4.01 15.84

Std Dev 2.04 1.25 0.93 7.30

Min 5.70 3.17 1.59 6.96

Max 18.69 10.62 7.68 59.64

Skew 1.59 0.96 0.32 2.10

Kurt 6.85 5.09 3.95 10.25

AR(1) 0.86 0.84 0.84 0.85

Panel B: Risk Neutral Volatility

Mean 11.04 7.29 4.66 20.11

Std Dev 2.69 1.70 1.29 7.85

Min 6.60 3.97 1.79 10.42

Max 24.15 14.33 9.69 59.89

Skew 1.72 0.80 0.25 1.65

Kurt 7.55 4.48 3.39 7.05

AR(1) 0.85 0.84 0.83 0.86

Panel C: Variance Risk Premia

Mean -3.24 -1.59 -0.54 -13.48

Std Dev 2.80 1.08 0.53 9.58

Min -19.50 -7.70 -2.90 -76.87

Max -0.14 0.46 0.81 -1.92

Skew -2.97 -1.60 -1.20 -2.31

Kurt 15.27 7.95 5.29 11.89

AR(1) 0.68 0.65 0.53 0.65
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Table III. Return Predictability Regressions (Univariate)
This table reports return predictability regressions of futures excess returns on the equity and treasury variance risk

premia: xrt
(i)
t+h = αi,h + βi,hV RP

(i)
t + ε

(i)
t+h, where h = 1, 3, 6 and 12 months. t-statistics are reported in parentheses

and computed using Newey and West (1987) standard errors with twelve lags. The sample period is 1991 to 2014 for all
regressions. Left and right hand variables are standardized.

h 1m 3m 6m 12m 1m 3m 6m 12m

Panel A: S&P500

S&P500 VRP 5y VRP

β -0.13 -0.25 -0.24 -0.17 0.08 0.06 0.10 -0.01

t-stat (-1.81) (-4.11) (-3.45) (-1.90) (0.73) (0.53) (0.84) (-0.06)

R2 1.66 6.12 5.79 2.76 0.71 0.33 1.08 0.00

10y VRP 30y VRP

β 0.10 0.06 0.03 -0.03 -0.04 -0.17 -0.31 -0.35

t-stat (1.02) (0.55) (0.28) (-0.27) (-0.46) (-1.52) (-4.15) (-4.36)

R2 0.91 0.31 0.06 0.08 0.16 2.85 9.53 12.12

Panel B: 5yr bond

S&P500 VRP 5y VRP

β 0.01 0.05 0.08 -0.03 -0.02 -0.16 -0.19 -0.21

t-stat (0.10) (0.57) (0.71) (-0.17) (-0.35) (-2.32) (-2.76) (-2.77)

R2 0.00 0.23 0.65 0.09 0.03 2.56 3.50 4.38

10y VRP 30y VRP

β -0.05 -0.16 -0.22 -0.31 -0.05 -0.06 -0.07 -0.19

t-stat (-1.00) (-2.63) (-3.22) (-3.85) (-1.27) (-1.18) (-0.98) (-2.19)

R2 0.26 2.42 4.68 9.83 0.28 0.36 0.53 3.66

Panel C: 10yr bond

S&P500 VRP 5y VRP

β 0.04 0.07 0.11 0.01 0.05 -0.14 -0.16 -0.20

t-stat (0.65) (0.87) (1.08) (0.05) (0.62) (-2.35) (-2.57) (-2.73)

R2 0.20 0.45 1.30 0.01 0.21 2.00 2.58 3.88

10y VRP 30y VRP

β -0.02 -0.14 -0.18 -0.29 -0.03 -0.02 -0.02 -0.15

t-stat (-0.48) (-2.49) (-2.43) (-3.24) (-0.77) (-0.44) (-0.27) (-1.63)

R2 0.05 1.98 3.34 8.64 0.10 0.05 0.04 2.20

Panel D: 30yr bond

S&P500 VRP 5y VRP

β 0.11 0.08 0.16 0.09 0.07 -0.12 -0.14 -0.20

t-stat (1.30) (1.06) (1.79) (0.61) (0.74) (-1.94) (-2.12) (-2.27)

R2 1.21 0.69 2.72 0.74 0.56 1.54 1.89 4.02

10y VRP 30y VRP

β 0.01 -0.08 -0.11 -0.25 0.01 0.06 0.05 -0.13

t-stat (0.25) (-1.26) (-1.04) (-1.92) (0.27) (0.94) (0.52) (-0.93)

R2 0.02 0.71 1.18 6.33 0.01 0.35 0.28 1.61
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Table IV. Return Predictability Regressions (Multivariate)
This table reports return predictability regressions of S&P and bond futures excess returns on the equity and Treasury
variance risk premia. t-statistics are reported in parentheses and computed using Newey and West (1987) standard errors
with h-lags. The sample period is 1991 to 2014 for all regressions. Left and right hand variables are standardized.

3m 6m 12m 3m 6m 12m 3m 6m 12m

Panel A: S&P500

V RPSPX -0.27 -0.27 -0.17 -0.28 -0.26 -0.17 -0.22 -0.17 -0.08

(-4.42) (-3.24) (-1.92) (-4.38) (-3.45) (-2.12) (-3.34) (-2.35) (-0.91)

V RP 5y 0.10 0.15 0.02

(0.82) (1.06) (0.21)

V RP 10y 0.12 0.09 0.01

(0.95) (0.85) (0.14)

V RP 30y -0.11 -0.26 -0.33

(-0.87) (-3.29) (-3.65)

R
2

6.83 7.64 2.45 7.16 6.17 2.41 6.89 11.85 12.35

Panel B: 5yr bond

V RPSPX 0.08 0.12 0.01 0.09 0.14 0.05 0.07 0.11 0.02

(0.95) (1.09) (0.05) (1.09) (1.37) (0.32) (0.84) (0.97) (0.15)

V RP 5y -0.17 -0.21 -0.21

(-2.32) (-2.67) (-2.49)

V RP 10y -0.18 -0.25 -0.32

(-2.65) (-3.42) (-3.57)

V RP 30y -0.08 -0.10 -0.20

(-1.59) (-1.33) (-1.85)

R
2

2.80 4.48 4.03 2.82 6.18 9.71 0.43 1.26 3.35

Panel C: 10yr bond

V RPSPX 0.09 0.15 0.04 0.11 0.17 0.08 0.08 0.13 0.05

(1.21) (1.46) (0.27) (1.32) (1.71) (0.56) (1.00) (1.20) (0.31)

V RP 5y -0.16 -0.19 -0.20

(-2.33) (-2.55) (-2.53)

V RP 10y -0.17 -0.22 -0.31

(-2.50) (-2.81) (-3.25)

V RP 30y (-0.04) (-0.06) (-0.16)

-0.85 -0.73 -1.49

R
2

2.51 4.30 3.71 2.69 5.62 8.94 0.25 1.22 2.09

Panel D: 30yr bond

V RPSPX 0.11 0.19 0.12 0.11 0.20 0.15 0.07 0.16 0.13

(1.25) (2.10) (0.94) (1.29) (2.27) (1.24) (0.92) (1.73) (0.95)

V RP 5y -0.14 -0.17 -0.22

(-1.98) (-2.41) (-2.65)

V RP 10y -0.11 -0.16 -0.29

(-1.62) (-1.62) (-2.39)

V RP 30y 0.04 0.01 -0.16

(0.65) (0.09) (-1.24)

R
2

2.31 5.22 5.18 1.48 4.68 8.24 0.47 2.36 2.82

41



Table V. Equity Return Predictability Regressions (Controls)
This table reports return predictability regressions of equity futures excess returns on the 30y Treasury variance risk
premium, the equity variance risk premium, the log dividend yield (DY), the log earnings to price ratio (EP), and the
net equity expansion (NTIS) from Goyal and Welch (2008). t-statistics are reported in parentheses and computed using
Newey and West (1987) standard errors with h-lags. The sample period is 1991 to 2014 for all regressions. Left and
right hand variables are standardized.

1 2 3 4 5 6

Panel A: Holding Period: 6m

V RP 30y -0.08 -0.24 -0.31

(-0.96) (-2.75) (-4.06)

V RPSPX -0.30 -0.27 -0.20

(-4.30) (-4.22) (-2.65)

DY 0.28 0.30

(2.42) (2.88)

EP 0.02 0.19

(0.10) (0.97)

NTIS 0.31 0.39

(1.61) (2.08)

R
2

7.58 0.04 9.47 18.10 14.07 25.63

Panel B: Holding Period: 12m

V RP 30y -0.11 -0.32 -0.40

(-1.29) (-3.02) (-4.72)

V RPSPX -0.24 -0.18 -0.10

(-3.26) (-3.17) (-1.18)

DY 0.40 0.40

(3.05) (3.50)

EP 0.05 0.21

(0.23) (1.22)

NTIS 0.36 0.46

(1.62) (2.56)

R
2

15.75 0.25 13.07 23.87 14.69 31.22
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Table VI. 10y Treasury Futures Return Predictability Regressions (Controls)
This table reports return predictability regressions of 10y bond futures excess returns on the 10y Treasury variance risk
premium, the equity variance risk premium, Slope (annualised GSW slope, 10y-1y), the Cochrane and Piazzesi (2005)
factor (the CP factor), and the first two Ludvigson and Ng (2009) macro factors, LN1 and LN2. E[V RP 10y |Slope]
and E[V RP 10y |CP] are the fitted component of the 10y Treasury variance risk premium on the Slope and Cochrane

Piazzesi factors, respectively. errorSlope and errorCP are the residuals from the regressions. t-statistics are reported
in parentheses and computed using Newey and West (1987) standard errors with h-lags. The sample period is 1991 to
2014 for all regressions. Left and right hand variables are standardized.

1 2 3 4 5 6 7 8

Panel A: Holding Period: 6m

V RP 30y -0.03 -0.09 -0.17

(-0.42) (-1.12) (-1.96)

V RPSPX 0.13 0.12 0.20

(1.59) (1.50) (2.17)

Slope 0.38 0.37

(3.54) (2.99)

CP 0.42 0.39

(4.29) (4.16)

LN1 -0.17 -0.16

(-1.85) (-1.93)

LN2 0.12 0.13

(2.69) (3.03)

E
[
V RP 10y

∣∣∣Slope
]

-0.38

(-3.54)

errorSlope 0.00

(0.05)

E
[
V RP 10y

∣∣∣CP
]

-0.42

(-4.27)

errorCP -0.05

(-0.65)

R
2

14.58 17.74 4.04 15.51 18.75 8.67 14.26 17.71

Panel B: Holding Period: 12m

V RP 30y -0.10 -0.14 -0.26

(-0.94) (-1.64) (-3.00)

V RPSPX 0.04 0.02 0.12

(0.32) (0.19) (0.87)

Slope 0.46 0.41

(3.29) (2.51)

CP 0.54 0.49

(5.04) (4.79)

LN1 -0.25 -0.18

(-2.52) (-1.92)

LN2 0.13 0.14

(3.39) (3.79)

E
[
V RP 10y

∣∣∣Slope
]

-0.46

(-3.29)

errorSlope -0.08

(-0.82)

E
[
V RP 10y

∣∣∣CP
]

-0.54

(-4.93)

errorCP -0.13

(-1.51)

R
2

21.28 28.68 7.53 21.49 29.94 12.96 21.63 30.15
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Table VII. Real versus Nominal Risks: Full Sample
Table reports contemporaneous OLS estimates of variance risk premia (VRPs), stock-bond correlation (SB Corr), and variance risk premia correlations (VRP Corr) on the
first two principal components of the nominal term structure computed using 2 to 10-year maturities. The first principal component is the Level and the second principal
component is the Slope which is rotated such that a positive shock to this factor raises long term yields and lowers short term yields. Exp. Inflation is the 4-quarter ahead
consensus forecasts for consumer price inflation from BlueChip Financial forecasts. t-statistics are reported in parentheses and computed using Newey and West (1987)
standard errors with 12-lags. The sample period is 1992:1 to 2013:12. Left and right hand variables are standardized.

VRPs SB Corr VRP Corr

10y 30y SP 10y 30y 10y 30y

Nominal Level -0.04 0.42 -0.33 0.53 0.58 -0.03 -0.23

(-0.31) (4.04) (-2.02) (4.66) (5.78) (-0.18) (-1.08)

Nominal Slope -0.55 -0.24 -0.10 0.03 0.04 -0.09 -0.06

(-6.67) (-2.59) (-0.81) (0.36) (0.52) (-0.79) (-0.42)

Exp Inflation 0.24 0.05 0.62 0.31 0.30 -0.49 -0.12

(1.71) (0.38) (4.36) (2.98) (3.17) (-3.63) (-0.65)

R
2

29% 26% 17% 62% 68% 29% 11%
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Table VIII. Real versus Nominal Risks: Post 2000 Sample TIPS regresions
Table reports contemporaneous OLS estimates of variance risk premia (VRPs), stock-bond correlation (SB Corr), and variance risk premia correlations (VRP Corr) on the
first two principal components of the real term structure computed using 2 to 10-year maturities. The first principal component is the Real Level and the second principal
component is the Real Slope which is rotated such that a positive shock to this factor raises long term yields and lowers short term yields. Break-Even the difference
between 2-year nominal yields and 2-year real yields. t-statistics are reported in parentheses and computed using Newey and West (1987) standard errors with 12-lags.
The sample period is 2000:1 to 2013:12. Left and right hand variables are standardized.

VRPs SB Corr VRP Corr

10y 30y SP 10y 30y 10y 30y

Real Level -0.15 0.25 -0.02 0.36 0.47 0.05 -0.07

(-2.37) (2.97) (-0.22) (3.13) (4.13) (0.41) (-0.50)

Real Slope -0.51 -0.07 -0.28 -0.24 -0.19 -0.23 -0.21

(-5.10) (-1.06) (-3.98) (-2.02) (-1.57) (-1.95) (-1.73)

Break-Even 0.71 0.68 0.64 0.46 0.47 -0.34 -0.38

(9.39) (7.05) (5.01) ( 3.72) (4.21) (-3.43) (-3.32)

R
2

48% 48% 33% 30% 39% 23% 25%
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Table IX. Real versus Nominal Risks: Post 2000 Sample Nominal regresions
Table reports contemporaneous OLS estimates of variance risk premia (VRPs), stock-bond correlation (SB Corr), and variance risk premia correlations (VRP Corr) on
the first two principal components of the nominal term structure computed using 2 to 10-year maturities. The first principal component is the Real Level and the second
principal component is the Real Slope which is rotated such that a positive shock to this factor raises long term yields and lowers short term yields. Break-Even the
difference between 2-year nominal yields and 2-year real yields. t-statistics are reported in parentheses and computed using Newey and West (1987) standard errors with
12-lags. The sample period is 2000:1 to 2013:12. Left and right hand variables are standardized.

VRPs SB Corr VRP Corr

10y 30y SP 10y 30y 10y 30y

Nominal Level -0.09 0.30 0.04 0.44 0.55 0.09 -0.05

(-1.19) (3.26) (0.27) (3.41) (4.59) (0.67) (-0.28)

Nominal Slope -0.50 -0.06 -0.16 -0.05 0.00 -0.24 -0.19

(-4.70) (-0.77) (-1.67) (-0.35) (-0.01) (-1.89) (-1.37)

Break-Even 0.44 0.50 0.48 0.15 0.15 -0.52 -0.49

(4.83) (4.58) (3.26) (1.32) (1.35) (-7.19) (-5.50)

R
2

49% 49% 29% 27% 39% 24% 25%
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