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Section A of the Online Appendix describes additional methods to calculate implied and
realized variance measures. Section B describes how we evaluate the methods to forecast
realized variance. Section C describes the macroeconomic data in more detail. Section D
contains the summary statistics for the excess returns and control variables and Section E
contains additional regression results.

A Additional Bond Variance Measures

One could suspect that the qualitative results we derive in the paper are driven by the choice
of either the implied or realized variance measures. To check for robustness, we calculate
different additional measures of implied and realized variance. Qualitatively, the properties
of the bond variance risk premia remain the same, independently of the measures we use.

As discussed in Section II of the main paper, we use different methods to approximate

EQ
t

(∫ T

t
σ2
udu

)
, the expected risk-neutral variance:

1. MIV denotes the model-free implied variance.

2. SIV denotes the risk-neutral variance of simple returns.

3. BIV denotes Black (1976) implied variance.

Further below, we describe the additional interpolation methods to find the expected risk-
neutral variance for a one month horizon.

To approximate the expected objective variance, EP
t

(∫ T

t
σ2
udu

)
, we also consider different

approaches:
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1. RV(km) denotes the realized variance using data sampled at a k minute interval. We
consider 5, 25 and 60 minute intervals.

2. BV(km) denotes the realized bi-power variation using data sampled at a k minute in-
terval. Again, we consider 5, 25 and 60 minute intervals.

3. RV(AC1) is the first-order autocorrelation-adjusted realized variance estimator.

4. RV(TS) is the two scale realized variance estimator.

5. RV(TSadj) denotes the RV(TS) estimator that adjusts for bias introduced by microstruc-
ture noise.

6. RV(HAR) denotes the heterogeneous autoregressive realized variance estimator estima-
tor.

i Implied Variance

In addition to the two model-free implied variances, MIVt,τ and SIVt,τ , we also use the
inverted Black (1976) formula to calculate the implied variance BIVt,τ for horizon τ = T − t.
For every day t we start by calculating the implied variance measures for all available option
maturities τi, i = 1 . . . , N . Having calculated MIVt,τi , SIVt,τi and BIVt,τi , we consider four
different methods to construct the monthly estimates:1

1. First, we consider the available MIVt,τi and use the Forsythe, Malcolm, and Moler
(1977) cubic spline method to interpolate over τ = {20, 30, . . . , 180} days. As our time

t estimates for the τ = 30 day horizon we pick the interpolated value MIV
(30d)
t =

MIVt,30.

2. Second, we average over the seventeen interpolated values from above, i.e. MIVt,τ with
τ = {20, 30, . . . , 180} days and normalize to a one month horizon.

MIV
(int avg)
t =

30

17

∑

τ=20,30,...,180

MIVt,τ

τ
. (1)

3. The third method is a simple average over the implied variances of the available options,
i.e. without interpolation. Unlike the second method, this average is calculated using
a potentially different number of observations N at each point in time t. Again, we
normalize to a one month horizon.

MIV
(simavg)
t =

30

N

∑

1=1,...,N

MIVt,τ

τi
. (2)

4. The final method is similar to the approach used to calculate the daily VIX index.2

At each point in time t we consider the two sets of options with expiration dates τ1 and

1 To save space we just show the formulas for MIV.
2 See the VIX White Paper, Whaley (1993).
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τ2 closest to the desired 30 day horizon so that τ1 < 30 < τ2. We calculate MIV
(lin)
t as

the weighted average, i.e. a linear interpolation between the implied variances of the
two options:

MIV
(lin)
t =

τ2 − 30

τ2 − τ1
MIVt,τ1 +

30− τ1
τ2 − τ1

MIVt,τ2 . (3)

Using these methods, we estimate the model-free (MIV and SIV) and the Black (1976)
implied (BIV) variances at the end of each month for a 30 day horizon to get our monthly time

series. Our benchmark method is MIV
(lin)
t , which is used without subscript in the main text.

Table 1 reports the summary statistics for different implied volatility measures of 30 year,
10 year, 5 year Treasury and S&P 500 futures (i.e. the square root of the implied variance
measures just described). We note that the model-free implied volatility from simple returns
(i.e. the square root SIV) is smaller on average than the square root MIV for the S&P 500
(i.e. the VIX) but larger for Treasury futures. Martin (2011) notes that the VIX is larger,
ceteris paribus, than the SVIX when returns are negatively skewed. The strong negative
skewness in stock index returns can be explained by the large negative jumps during crisis
periods. For Treasury futures, on the other hand, we do not observe this behavior. During
crisis periods, investors usually rush out of the equity index market and invest in the fixed
income or Treasury markets. This is what we call the flight to quality effect and is discussed
in the main paper.

ii Realized Variance

To estimate EP
t

(∫ t+1

t
σ2
udu

)
, the daily expected variance we first consider daily realized

variance RVt,1d and realized bi-power variation BVt,1d. BVt,1d is defined as

BVt,1d =
π

2

(
M

M − 1

) M∑

i=1

|rt,i| |rt,i+1| , (4)

where

rt,i = logP

(
t− 1 +

i

M

)
− logP

(
t− 1 +

i− 1

M

)

is the intra-daily log return in the ith sub-interval of day t and P (t− 1 + i/M) is the asset
price at time t − 1 + i/M. Just as RVt,1d, BVt,1d is consistent for

∫ t

t−1
σ2
udu if the log price

process does not have jump components and under some mild regularity conditions. For each
day, we take intra-daily return rt,i between 7:25 and 14:00 (intra-daily price data from 7:20
to 14:00). We use three different sampling frequencies for rt,i, namely we use k = {5, 25, 60}

minute intervals to calculate BV
(km)
t,1d .

The third estimator for EP
t

(∫ t+1

t
σ2
udu

)
is the first-order autocorrelation-adjusted realized

variance estimator RV(AC1) described in Zhou (1996). We use a data frequency of 5 minutes
and apply the practical method described in Hansen and Lunde (2006) to construct the
estimator.

RV
(AC1)
t =

M−1∑

i=2

r2t,i +

M−1∑

i=1

rt,irt,i+1 +

M∑

i=2

rt,i−1rt,i. (5)
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The fourth estimator is the two scale realized variance proposed by Zhang, Mykland, and
Äıt-Sahalia (2005). As before, we use 5-minute data to construct the variance estimate.
Following their method, we first define the set of time grids on day t as G = {1, . . . ,M}.
Let G(k) = {k, k + K, k + 2K, . . . , k + aK}, k = 1, . . . , K, and K + aK = M. Obviously,
G(k)

⋂
G(k′) = ∅ if k 6= k′, k = 1, . . . , K.

Define

RV
(k)
t,1d =

a∑

i=1

(
r
(k)
t,i

)2

,

where

r
(k)
t,i = logP

(
t− 1 +

k + iK

M

)
− logP

(
t− 1 +

k + (i− 1)K

M

)
.

Then, the two scale realized variance estimator is defined as

RV
(TS)
t,1d = RVt,1d −

M

M
RV

(avg)
t,1d , (6)

where M = (M −K + 1) /K and RV
(avg)
t,1d = 1

K

∑K

k=1RV
(k)
t,1d. In the case of equally spaced

5-minute data, and since the returns rt,i are measured between 7:25 and 14:00, M = 80. We
set K = 5 and thus a = 15.

We consider the following bias-corrected RV
(TS)
t,1d as our fifth estimator:

RV
(TSadj)
t,1d =

(
1−

M

M

)−1

RV
(TS)
t,1d . (7)

Zhang, Mykland, and Äıt-Sahalia (2005) show that RV
(TSadj)
t,1d performs better than RV

(TS)
t ,

RV
(avg)
t,1d and RVt,1d in estimating

∫ t

t−1
σ2
udu in the presence of microstructure noise.

Using the five methods described above, we obtain daily variance estimates for each trading
day t. The normalized monthly realized variation RVt,1m (as used in the main text) is defined
by the average of the 21 daily measures. The normalized weekly realized variation RVt,1w is
correspondingly defined by the average of the 5 daily measures:

RVt,1w =
1

5

4∑

j=0

RVt−j,1d, and RVt,1m =
1

21

20∑

j=0

RVt−j,1d.

As in Corsi (2009), we implement the HAR-RV predictor for
∫ t+1

t
σ2
udu by running the

following regression:

RVt+1,1d = α + βDRVt,1d + βWRVt,1w + βMRVt,1m + εt+1. (8)

We aim to obtain the monthly estimates directly, so we replace the daily realized variance
RVt+1,1d by the normalized monthly measure RVt+21,1m. As the HAR-RV predictor for the

one month horizon, denoted RV
(HAR)
t , we use:

RV
(HAR)
t = 21× R̂Vt+21,1m,
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where R̂Vt+21,1m is the projected value from regression (8).

To obtain the monthly estimates for the first five measures, we sum the daily estimates
over a month. Subsequently, the realized variance (RV

(km)
t ), bi-power variation (BV

(km)
t ),

first order auto-correlation-adjusted realized variance (RV
(AC1)
t ), two scaled realized variance

(RV
(TS)
t ) and adjusted two scaled realized variance (RV

(TSadj)
t ) estimators always refer to the

aggregated monthly measures.

Table 2 reports the summary statistics for different realized volatility measures for 30 year,
10 year, 5 year Treasury and S&P 500 index futures. Note that we report the square root of
the realized variance measures discussed above. It can be seen that the bipower variation,
BV, is in general smaller than the realized variance, RV, since the latter includes both
continuous and discontinuous parts of the integrated variance, and the former is a robust
estimator for the continuous part only. Quantities of the realized volatility estimators with
lower frequency data (25 minutes and 60 minutes) are smaller than those based on higher
frequency data (5 minutes). This may suggest that lower frequency estimators underestimate
the true integrated variance. Finally, we find the calculated realized volatility measures have
very similar first order autocorrelations (AC(1)) to those reported in the main text. Overall,
comparing the summary statistics reported in Table 2 to those reported in Table 1 in the
main text, leads to the conclusion that the realized variance measures on average do not
differ too much.

B Forecasting Future Realized Variance

In order to estimate the variance risk premium, we need to have a proxy for the expected

realized variance for the next month, EP
t

(∫ T

t
σ2
udu

)
, where τ = T − t is one month. We find

that overall, the best method for out-of-sample realized variance forecasts is the HAR-TCJ
model described in Section II in the main text and subsequently used in all our calculations.

As our proxy for realized variance, we always pick the monthly realized variance estimated
using returns sampled at the 5 minute interval, RV

(5m)
t , i.e. this is the quantity we want to

forecast. We denote the forecast of realized variance using information up to time t − 1 by

R̂V
(5m)

t . Hence, we evaluate the quality of a given method by comparing the realized variance

in month t, RV
(5m)
t , with the forecast made in month t− 1, R̂V

(5m)

t .

In this section, we show the evaluation results for five different estimators for obtaining
realized variance forecasts. First, we pick the current realized variance for the past month

as a predictor for next month’s realized variance, i.e. RV
(5m)
t = R̂V

(5m)

t+1 . Furthermore, we use

our benchmark HAR-TCJ forecast model described in Section II of the paper, RV
(TCJ)
t , and

the simple HAR-RV model, RV
(HAR)
t , described in Section A. ii of this Appendix. Finally,

we also evaluate forecasts using the HAR-TCJ model without and the HAR-RV model with
lagged implied variance terms as additional covariates.

To evaluate the forecasting performance of our different estimators for expected realized
variance, we use the following methods:

1. The standard mean-squared error (MSE),
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2. he QLIKE loss function,

3. the R2 of Mincer and Zarnowitz (1969),

4. and the heteroskedasticity adjusted root mean square error (HRMSE) suggested in
Bollerslev and Ghysels (1996), where

HRMSE =

√√√√√ 1

T

T∑

t=1


RV

(5m)
t − R̂V

(5m)

t

RV
(5m)
t




2

.

Among the three loss functions MSE, QLIKE and HMSE, the MSE and QLIKE are robust for
ranking the variance forecasts if we use realized variance as the proxy for the true volatility
(Patton, 2011). We compare differences between the average values of the loss function
between two benchmark schemes and other predictive schemes, and denote this differences
by △. First, we use the current realized variance RV

(5m)
t , i.e. the näıve predictor and

second, we use the simple HAR-RV predictor, RV
(HAR)
t . The difference in the loss function

for the former is denoted ∆1 and for the latter ∆2. In parentheses we report t-statistics
from bootstrapped standard errors obtained using the stationary bootstrap of Politis and
Romano (1994). Results are presented in Table 3 for the 30 year Treasury futures realized
variance forecasts and in Table 4 for the S&P 500 index futures variance forecasts. We do
not report results for the 10 year and the 5 year Treasury futures variance as the results are
very similar to the results for the 30 year Treasury futures.

The näıve forecasting model using current realized variance performs uniformly worse than
the four more sophisticated models. The HAR-TCJ performs uniformly the best for the 30y
Treasury across all evaluation methods but not necessarily for the S&P 500. However,
since it performs the best overall for the Treasuries and we are mostly interested in these,
this justifies its use as our benchmark method to estimate the expected variance under the
physical probability measure. While our results are not robust to using a clearly inferior
method for predicting realized variance, such as RV

(5m)
t , they are robust to using the more

sophisticated methods based on a projection using HAR type models.

C Macroeconomic Data

We compute the eight static macroeconomic factors F̂j , j = 1 . . . , 8 from Ludvigson and
Ng (2009, 2011) for an updated data set.3 Some of the macroeconomic variables are no
longer available after 2007. Consequently, we use 125 instead of 132 macroeconomic time
series. Furthermore, we exclude all stock market and interest rate time series and work
with a set of 104 variables. However, we also calculate the macroeconomic factors using
all 125 series (denoted F̂

(125)
j ). The main data source for the macroeconomic data is Global

Insight. The complete list and description of the macro variables is presented in Table 5. The
transformations are the same as in Ludvigson and Ng (2009, 2010). log denotes logarithm,
∆ log and ∆2 log are the first and second differences of the logarithm, respectively. lev
denotes the level of the series and ∆lev is the first difference in levels.

3 Originally, the data set was used in Stock and Watson (2002).
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The updated factors are very similar to the original factors. The correlations for the
overlapping time period are in the range of 75% to 99% (absolute values) although some

factors switch ranks (i.e. F̂
(125)
2 with the updated data is highly correlated with the original

F̂LN
3 and vice versa; the same applies to F̂7 and F̂8). The correlations with the factors

from the data set without bond and equity time series are slightly smaller except for F̂1,
where the correlation remains at 98%. Given that the factors are principal components, the
economic interpretation is not straightforward. The macro variables are arranged in seven
groups: output and income (OI); consumption, orders and inventories (COI); labor market
(LM); housing (H); money and credit (MC); bond and exchange rates (BE); and prices (P).
The stock market category is excluded here. We analyze the factors using the marginal
correlations of the individual time series with the respective factors. As in Ludvigson and
Ng (2009), the first factor can be interpreted as a real factor. The second factor can be
interpreted as an inflation factor. The third factor could be interpreted as a housing/real
factor, the fourth seems to pick up variation in exchange rates and again in housing variables.
None of the factors have a mentionable correlation with the the Cochrane and Piazzesi (2005)

factor, whereas the third factor using all data F̂
(125)
3 (the second factor in the original data

set, F̂LN
2 ) exhibits a correlation of -0.45%. This is to illustrate that our factors only pick up

information about macro variables, whereas the original data contains a lot of information
from the term structure that is also picked up by the CP factor.

D Summary Statistics for Excess Returns and Control Variables

We report summary statistics for the different excess returns and additional control variables
in Tables 6 (Treasury bond and stock excess returns), 7 (corporate bond and CMBS excess
returns), and 8 (additional variables). The data frequency is always monthly and the sample
spans the period from July 1991 to June 2010.

E Additional Regression Results

In the main paper, we use the principal components instead of the individual bond variance
risk premia series in the regressions, mainly due to multicollinearity concerns. Principal
components are a convenient and parsimonious way to capture information in the term
structure of bond variance risk premia, however, we need to test whether using the principal
components instead of the variables themselves leads to spurious results. We therefore re-run
all of our predictive regressions using the bond variance risk premia directly. Tables 10 to 16
are the analogues to regression results in Tables 5 to 10 in the main paper. In addition, Table
9 contains the regression results for long corporate bonds using the PCs of bond variance
risk premia and additional control variables. To save space, this table is not included in the
main paper.
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Table 1

Summary Statistics Implied Volatility Measures

We report summary statistics for different implied volatility measures for a one month horizon, constructed
using options on the 30 year, 10 year and 5 year Treasury futures and the S&P 500 index futures, respectively.
MIV and SIV denote the model-free implied variance as in Britten-Jones and Neuberger (2000) and Martin
(2011), respectively. BIV is the Black (1976) implied variance. Note that we report the summary statistics
for the implied volatilities, which are obtained as the square root of the respective variance measures. All
quantities are annualized and expressed in percent. All data is monthly and the sample spans the period
from July 1991 to June 2010.

30y Treasury 10y Treasury 5y Treasury S&P 500
MIV SIV BIV MIV SIV BIV MIV SIV BIV MIV SIV BIV

Mean 10.00 10.19 10.00 6.86 7.03 6.83 4.43 4.61 4.60 20.11 18.77 21.04
StDev 2.38 2.57 2.58 1.65 1.64 1.64 1.22 1.15 1.17 8.39 7.44 8.93
Min 6.03 6.26 5.79 3.70 3.99 3.58 1.95 1.84 0.47 9.97 9.74 9.82
Max 21.96 24.06 23.54 13.26 13.51 12.94 9.53 9.26 9.14 58.46 52.84 61.38
Skewness 1.95 2.30 2.23 0.68 0.91 0.77 0.78 0.56 0.16 1.55 1.53 1.46
Kurtosis 8.92 8.07 7.75 3.97 4.60 4.43 4.15 3.82 4.33 6.53 6.41 6.10
AC(1) 0.83 0.86 0.86 0.72 0.83 0.83 0.72 0.75 0.74 0.86 0.88 0.88
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Table 2

Summary Statistics Realized Volatility Measures

We report summary statistics for different realized volatility measures for a one month horizon, constructed
using high-frequency data for 30 year, 10 year and 5 year Treasuries and the S&P 500 index. RV(km) and
BV(km) denote monthly realized variance and the monthly realized bi-power variation sampled at the k

minute frequency, respectively. RV(AC1) denotes the first-order autocorrelation-adjusted realized variance
estimator described in Zhou (1996), RV(TS) is the two scale realized variance proposed by Zhang, Mykland,

and Aı̈-Sahalia (2005), and RV(TSadj) is the bias-corrected RV(TS). Finally, RV(HAR) is the projection of
monthly realized variance from a HAR-RV regression. Note that we report the summary statistics for the
realized volatilities, which are obtained as the square root of the respective variance measures. All data is
monthly and the sample spans the period from July 1991 to June 2010.

Panel A: 30y Treasury

RV(25m) RV(60m) BV(5m) BV(25m) BV(60m) RV(AC1) RV(TS) RV(TSadj) RV(HAR)

Mean 7.12 6.65 7.70 6.72 6.20 7.64 6.41 7.12 8.55
StDev 2.10 2.10 1.98 1.98 1.93 2.12 1.89 2.10 1.92
Min 3.45 3.34 4.23 3.28 2.94 3.88 3.09 3.43 5.28
Max 18.87 17.22 15.59 14.64 13.76 19.19 17.71 19.68 15.90
Skewness 1.54 1.55 1.07 1.15 1.17 1.27 1.62 1.62 1.21
Kurtosis 4.58 3.90 1.74 1.68 1.67 3.52 5.55 5.55 1.97
AC(1) 0.73 0.74 0.73 0.78 0.75 0.69 0.72 0.72 0.85

Panel B: 10y Treasury

RV(25m) RV(60m) BV(5m) BV(25m) BV(60m) RV(AC1) RV(TS) RV(TSadj) RV(HAR)

Mean 4.58 4.25 4.99 4.33 3.98 5.03 4.15 4.61 5.63
StDev 1.44 1.44 1.40 1.38 1.38 1.47 1.29 1.44 1.30
Min 2.04 1.98 2.50 1.79 1.64 2.55 1.95 2.17 3.29
Max 10.81 10.56 10.64 9.49 9.95 10.33 9.68 10.75 10.96
Skewness 1.23 1.45 0.85 1.02 1.34 0.83 1.12 1.12 0.81
Kurtosis 2.47 3.14 0.86 1.06 2.50 0.60 1.88 1.88 1.53
AC(1) 0.68 0.67 0.67 0.72 0.69 0.64 0.67 0.67 0.76

Panel C: 5y Treasury

RV(25m) RV(60m) BV(5m) BV(25m) BV(60m) RV(AC1) RV(TS) RV(TSadj) RV(HAR)

Mean 3.09 2.88 3.33 2.90 2.67 3.47 2.84 3.15 3.80
StDev 0.97 0.98 1.01 0.93 0.94 1.03 0.87 0.97 0.92
Min 1.54 1.35 1.67 1.38 1.17 1.69 1.44 1.60 0.62
Max 7.00 6.79 7.16 6.50 6.41 7.19 6.07 6.74 7.16
Skewness 0.95 1.15 0.86 0.95 1.13 0.74 0.86 0.86 0.52
Kurtosis 1.03 1.71 0.77 0.85 1.57 0.37 0.69 0.69 1.20
AC(1) 0.64 0.60 0.63 0.67 0.63 0.57 0.63 0.63 0.67

Panel D: S&P 500

RV(25m) RV(60m) BV(5m) BV(25m) BV(60m) RV(AC1) RV(TS) RV(TSadj) RV(HAR)

Mean 12.97 12.40 13.55 12.69 12.40 13.16 11.67 12.95 14.98
StDev 7.17 7.23 7.47 7.15 7.23 7.37 6.52 7.24 8.72
Min 4.92 4.62 5.16 4.88 4.62 5.12 4.29 4.76 4.99
Max 58.92 64.23 62.03 56.99 64.23 62.01 55.29 61.38 75.70
Skewness 2.80 3.36 2.80 2.77 3.36 2.88 2.98 2.98 3.98
Kurtosis 12.22 17.97 12.55 11.71 17.97 13.27 14.18 14.18 27.00
AC(1) 0.73 0.72 0.73 0.73 0.72 0.72 0.73 0.73 0.53
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Table 3

Forecasting Realized Variance for 30 year Treasury Futures

We evaluate the performance of different methods for forecasting the realized variance of 30 year Treasury

bond futures. We use two different benchmarks: First, we use the current realized variance RV
(k5m)
t and

second, we use a simple HAR-RV model as in Corsi (2009). The difference in the loss function for the former
is denoted ∆1 and for the latter ∆2. In parentheses we report t-statistics from bootstrapped standard
errors obtained using the stationary bootstrap of Politis and Romano (1994). We consider the following
loss functions: i) the mean squared error (MSE), ii) the QLIKE, iii) the heteroskedasticity adjusted root
mean square error (HRMSE), and iv) the R2 of Mincer and Zarnowitz (1969). In addition to current

realized variance and RV(TCJ), the HAR-TCJ realized variance estimator augmented with lagged implied
variance (IV) terms (which represents the benchmark model used throughout the main paper), we consider
a HAR-TCJ realized variance estimator without lagged IV terms as in Corsi, Pirino, and Renò (2010), and a

HAR-RV estimator with and without lagged IV terms, denoted ‘HAR-RV’ (or RV(HAR) ) and ‘HAR-RV+IV’,
respectively. The evaluation period is from July 1991 to June 2010.

Current RV(5m) HAR-RV HAR-TCJ HAR-RV+IV RV(TCJ)

MSE 7.06 5.87 5.00 4.77 4.32
∆1 1.18 2.06 2.29 2.74

(1.90) (1.58) (1.71) (1.68)
∆2 -1.18 0.88 1.11 1.55

(-1.90) (1.17) (1.37) (1.41)
QLIKE 5.85 5.17 5.03 4.57 4.36
∆1 0.67 0.82 1.27 1.49

(1.31) (1.37) (2.46) (2.92)
∆2 -0.67 0.15 0.60 0.82

(-1.31) (0.71) (2.30) (2.41)
HMSE 14.82 12.09 11.68 10.41 9.86
∆1 2.73 3.14 4.42 4.96

(1.84) (1.87) (2.87) (3.02)
∆2 -2.73 0.41 1.68 2.23

(-1.84) (0.65) (2.07) (2.14)
MZ-R2 0.46 0.47 0.58 0.56 0.61
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Table 4

Forecasting Realized Variance for S&P 500 Index Futures

We evaluate the performance of different methods for forecasting the realized variance of S&P 500 index

futures. We use two different benchmarks: First, we use the current realized variance RV
(5m)
t and second, we

use a simple HAR-RV model as in Corsi (2009). The difference in the loss function for the former is denoted
∆1 and for the latter ∆2. In parentheses we report t-statistics from bootstrapped standard errors obtained
using the stationary bootstrap of Politis and Romano (1994). We consider the following loss functions: i)
the mean squared error (MSE), ii) the QLIKE, iii) the heteroskedasticity adjusted root mean square error
(HRMSE), and iv) the R2 of Mincer and Zarnowitz (1969). In addition to current realized variance and

RV(TCJ), the HAR-TCJ realized variance estimator augmented with lagged implied variance (IV) terms
(which represents the benchmark model used throughout the main paper), we consider a HAR-TCJ realized
variance estimator without lagged IV terms as in Corsi, Pirino, and Renò (2010), and a HAR-RV estimator

with and without lagged IV terms, denoted ‘HAR-RV’ (or RV(HAR) ) and ‘HAR-RV+IV’, respectively. The
evaluation period is from July 1991 to June 2010.

Current RV(5m) HAR-RV HAR-TCJ HAR-RV+IV RV(TCJ)

MSE 1032.67 834.38 889.16 794.36 831.44
∆1 198.29 143.51 238.31 201.23

(1.37) (1.49) (1.53) (1.59)
∆2 -198.29 -54.78 40.02 2.95

(-1.37) (-0.87) (1.79) (0.09)
QLIKE 16.84 16.20 16.67 13.15 13.59
∆1 0.64 0.17 3.69 3.25

(0.54) (0.12) (3.10) (2.83)
∆2 -0.64 -0.47 3.05 2.61

(-0.54) (-0.56) (3.43) (3.14)
HMSE 67.75 58.63 65.81 44.68 49.14
∆1 9.11 1.94 23.06 18.60

(0.91) (0.14) (2.15) (1.78)
∆2 -9.11 -7.18 13.95 9.49

(-0.91) (-0.80) (2.35) (2.59)
MZ-R2 0.42 0.44 0.40 0.48 0.45
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Table 5

Macro variables: Data Description and Transformation

The table lists the name of each macro time series, its mnemonic, the description and the source. We start with the data set used in Ludvigson and Ng (2009,
2011) consisting of 132 time series. Some of the macroeconomic variables are no longer available after 2007 and we only have 125 series available throughout
the end of 2010. The time series are arranged in the eight groups used by Ludvigson and Ng (2009, 2011): output and income (OI); consumption, orders and
inventories (COI); labor market (LM); housing (H); money and credit (MC); bond and exchange rates (BE); prices (P); and stock market (SM). We exclude
stock market and interest rate variables (series numbers 82 to 102 in Ludvigson and Ng (2009, 2011)) for a total of 104 macro time series. The transformations
are the same as in Ludvigson and Ng (2009, 2011). log denotes logarithm, ∆ log and ∆2 log are the first and second differences of the logarithm, respectively.
lev denotes the level of the series and ∆lev is the first difference in levels. The data source is Global Insight except for series 97 to 100 (BEA) and series 104
(University of Michigan). All data are available for the full sample period from July 1991 to June 2010.

Series No. Short Name Mnemonic Transformation Description Group
1 PI ypr ∆ log Personal Income (AR, Bil. Chain 2000 $) Output and Income
2 PI less transfers a0m051 ∆ log Personal Income Less Transfer Payments (AR, Bil. Chain 2000 $) Output and Income
3 M&T sales mtq ∆ log Manufacturing and Trade Sales (Mil. Chain 1996 $) Consumption, Orders and Inventories
4 Retail sales a0m059 ∆ log Sales of Retail Stores (Mil. Chain 2000 $) Consumption, Orders and Inventories
5 IP: total ips10 ∆ log Industrial Production Index - Total Index Output and Income
6 IP: products ips11 ∆ log Industrial Production Index - Products, Total Output and Income
7 IP: final prod ips299 ∆ log Industrial Production Index - Final Products Output and Income
8 IP: cons gds ips12 ∆ log Industrial Production Index - Consumer Goods Output and Income
9 IP: cons dble ips13 ∆ log Industrial Production Index - Durable Consumer Goods Output and Income
10 IP: cons nondble ips18 ∆ log Industrial Production Index - Nondurable Consumer Goods Output and Income
11 IP: bus eqpt ips25 ∆ log Industrial Production Index - Business Equipment Output and Income
12 IP: matls ips32 ∆ log Industrial Production Index - Materials Output and Income
13 IP: dble matls ips34 ∆ log Industrial Production Index - Durable Goods Materials Output and Income
14 IP: nondble matls ips38 ∆ log Industrial Production Index - Nondurable Goods Materials Output and Income
15 IP: mfg ips43 ∆ log Industrial Production Index - Manufacturing (Sic) Output and Income
16 IP: res util ips307 ∆ log Industrial Production Index - Residential Utilities Output and Income
17 IP: fuels ips306 ∆ log Industrial Production Index - Fuels Output and Income
18 NAPM prodn pmp lev Napm Production Index (Percent) Output and Income
19 Cap util utlb00004 ∆lev Capacity Utilization (Mfg.) Output and Income
20 Help wanted indx lhelvr.M ∆lev Index of Help-Wanted Advertising in Mewspapers (1967=100;Sa) Labor Market
21 Help wanted/emp lhelx ∆lev Employment: Ratio; Help-Wanted Ads: No. Unemployed Clf Labor Market
22 Emp CPS total lhem ∆ log Civilian Labor Force: Employed, Total (Thous.,Sa) Labor Market
23 Emp CPS nonag lhnag ∆ log Civilian Labor Force: Employed, Nonagric. Industries (Thous.,Sa) Labor Market
24 U: all lhur ∆lev Unemployment Rate: All Workers, 16 Years & Over (%,Sa) Labor Market
25 U: mean duration lhu680 ∆lev Unemploy. By Duration: Average (Mean) Duration in Weeks (Sa) Labor Market
26 U ¡ 5 wks lhu5 ∆ log Unemploy. By Duration: Persons Unempl.Less than 5 Wks (Thous.,Sa) Labor Market
27 U 5-14 wks lhu14 ∆ log Unemploy. By Duration: Persons Unempl. 5 to 14 Wks (Thous.,Sa) Labor Market
28 U 15+ wks lhu15 ∆ log Unemploy. By Duration: Persons Unempl. 15 Wks + (Thous.,Sa) Labor Market
29 U 15-26 wks lhu26 ∆ log Unemploy. By Duration: Persons Unempl. 15 to 26Wks (Thous.,Sa) Labor Market
30 U 27+ wks lhu27 ∆ log Unemploy. By Duration: Persons Unempl. 27 Wks + (Thous.,Sa) Labor Market
31 Unemp claims ICSA ∆ log Initial Claims Labor Market
32 Emp: total ces002 ∆ log Employees on nonfarm Payrolls: Total Private Labor Market
33 Emp: gds prod ces003 ∆ log Employees on nonfarm Payrolls: Goods-Producing Labor Market
34 Emp: mining ces006 ∆ log Employees on nonfarm Payrolls: Mining Labor Market
35 Emp: const ces011 ∆ log Employees on nonfarm Payrolls: Construction Labor Market
36 Emp: mfg ces015 ∆ log Employees on nonfarm Payrolls: Manufacturing Labor Market
37 Emp: dble gds ces017 ∆ log Employees on nonfarm Payrolls: Durable Goods Labor Market
38 Emp: nondble gds ces033 ∆ log Employees on nonfarm Payrolls: Nondurable Goods Labor Market
39 Emp: services ces046 ∆ log Employees on nonfarm Payrolls: Service-Providing Labor Market
40 Emp: TTU ces048 ∆ log Employees on nonfarm Payrolls: Trade, Transportation, and Utilities Labor Market
41 Emp: wholesale ces049 ∆ log Employees on nonfarm Payrolls: Wholesale Trade Labor Market
42 Emp: retail ces053 ∆ log Employees on nonfarm Payrolls: Retail Trade Labor Market
43 Emp: FIRE ces088 ∆ log Employees on nonfarm Payrolls: Financial Activities Labor Market
44 Emp: Govt ces140 ∆ log Employees on nonfarm Payrolls: Government Labor Market
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Table 5: Macro variables: Data Description and Transformation (cont.)

45 Avg hrs ces151 lev Avg Weekly Hrs of Prod or Nonsup Workers on Private Nonfarm Payrolls: Goods-Producing Labor Market
46 Overtime: mfg ces155 ∆lev Avg Weekly Hrs of Prod or nonsup Workers on Private Nonfarm Payrolls: Mfg Overtime Hours Labor Market
47 Avg hrs: mfg a0m001 lev Average Weekly Hours, Mfg. (Hours) Labor Market
48 NAPM empl pmemp lev Napm Employment Index (Percent) Labor Market
49 Starts: nonfarm hsfr log Housing Starts:Nonfarm(1947-58); Total Farm&Nonfarm(1959-) (Thous.,Saar) Housing
50 Starts: NE hsne log Housing Starts:Northeast (Thous.U.)S.A. Housing
51 Starts: MW hsmw log Housing Starts:Midwest (Thous.U.)S.A. Housing
52 Starts: South hssou log Housing Starts:South (Thous.U.)S.A. Housing
53 Starts: West hswst log Housing Starts:West (Thous.U.)S.A. Housing
54 BP: total hsbr log Housing Authorized: Total New Priv Housing Units (Thous.,Saar) Housing
55 BP: NE hsbne log Houses Authorized by Build. Permits:Northeast (Thou.U.)S.A. Housing
56 BP: MW hsbmw log Houses Authorized by Build. Permits:Midwest (Thou.U.)S.A. Housing
57 BP: South hsbsou log Houses Authorized by Build. Permits:South (Thou.U.)S.A. Housing
58 BP: West hsbwst log Houses Authorized by Build. Permits:West (Thou.U.)S.A. Housing
59 PMI pmi lev Purchasing Managers’ Index (Sa) Consumption, Orders and Inventories
60 NAPM new ordrs pmno lev Napm New Orders Index (Percent) Consumption, Orders and Inventories
61 NAPM vendor del pmdel lev Napm Vendor Deliveried Index (Percent) Consumption, Orders and Inventories
62 NAPM Invent pmnv lev Napm Inventories Index (Percent) Consumption, Orders and Inventories
63 Orders: cons gds x213 ∆ log Mfrs’ New Orders, Consumer Goods and Materials (Bil. Chain 1982 $) Consumption, Orders and Inventories
64 Orders: dble gds a0m007 ∆ log Mfrs’ New Orders, Durable Goods Industries (Bil. Chain 2000 $) Consumption, Orders and Inventories
65 Orders: cap gds a0m027 ∆ log Mfrs’ New Orders, Nondefense Capital Goods (Mil. Chain 1982 $) Consumption, Orders and Inventories
66 Unf orders: dble a1m092 ∆ log Mfrs’ Unfilled Orders, Durable Goods Indus. (Bil. Chain 2000 $) Consumption, Orders and Inventories

67 M1 fm1 ∆2 log Money Stock: M1(Curr,Trav.Cks,Dem Dep,Other Ck’able Dep) (Bil$,Sa) Money and Credit

68 M2 fm2 ∆2 log Money Stock: M2(M1+O’nite Rps,Euro$,G/P&B/D Mmmfs&Sav&Sm Time Dep(Bil$,Sa) Money and Credit

69 MB fmfba ∆2 log Monetary Base, Adj tor Reserve Requerement Changes (Mil$,Sa) Money and Credit

70 Reserves tot fmrra ∆2 log Depository Inst Reserves:Total, Adj. tor Reserve Req Chgs (Mil$,Sa) Money and Credit

71 Reserves nonbor fmrnba ∆2 log Depository Inst Reserves:Nonborrowed,Adj. Res Req Chgs (Mil$,Sa) Money and Credit

72 C&I loans fclnbw ∆2 log Commercial & Industrial Loans Outstanding in 1996 Dollars (Bci) Money and Credit

73 dC&I loans fclbmc ∆2 log Wkly Rp Lg Com’l Banks:Net Change Com’l & Indus Loans (Bil$,Saar) Money and Credit

74 Cons credit ccinrv ∆2 log Consumer Credit Outstanding - Nonrevolving (G19) Money and Credit
75 Inst cred/PI ccipy ∆lev Ratio, Consumer Installment Credit to Personal Income (Pct.) Money and Credit
76 Ex rate: avg exrus ∆ log United States;Effective Exchange Rate (Merm) (Index No.) Bond and Exchange rates
77 Ex rate: Switz exrsw ∆ log Foreign Exchange Rate: Switzerland (Swiss Franc Per U.S.$) Bond and Exchange rates
78 Ex rate: Japan exrjan ∆ log Foreign Exchange Rate: Japan (Yen per U.S.$) Bond and Exchange rates
79 Ex rate: UK exruk ∆ log Foreign Exchange Rate: United Kingdom (Cents per Pound) Bond and Exchange rates
80 Ex rate: Canada exrcan ∆ log Foreign Exchange Rate: Canada (Canadian$ per U.S.$) Bond and Exchange rates

81 PPI: fin gds pwfsa ∆2 log Producer Price Index: Finished Goods (82-100,Sa) Prices

82 PPI: cons gds pwfcsa ∆2 log Producer Price Index: Finished Consumer Goods (82=100,Sa) Prices

83 PPI: int mat’ls pwimsa ∆2 log Producer Price Index: Intermed Mat.Supplies & Components (82=100,Sa) Prices

84 PPI:crude mat’ls pwcmsa ∆2 log Producer Price Index: Crude Materials (82=100,Sa) Prices

85 Spot market price psccom ∆2 log Spot market price index: bls & crb: all commodities (1967=100) Prices
86 NAPM com price pmcp lev Index Of Sensitive Materials Prices (1990=100) (Bci-99a) Prices

87 CPI-U: all punew ∆2 log Napm Commodity Prices Index (Percent) Prices

88 CPI-U: apparel pu83 ∆2 log Cpi-U: All Items (82-84=100,Sa) Prices

89 CPI-U: transp pu84 ∆2 log Cpi-U: Apparel & Upkeep (82-84=100,Sa) Prices

90 CPI-U: medical pu85 ∆2 log Cpi-U: Transportation (82-84=100,Sa) Prices

91 CPI-U: comm. puc ∆2 log Cpi-U: Medical Care (82-84=100,Sa) Prices

92 CPI-U: dbles pucd ∆2 log Cpi-U: Durables (82-84=100,Sa) Prices

93 CPI-U: services pus ∆2 log Cpi-U: Services (82-84=100,Sa) Prices

94 CPI-U: ex food puxf ∆2 log Cpi-U: All Items Less Food (82-84=100,Sa) Prices

95 CPI-U: ex shelter puxhs ∆2 log Cpi-U: All Items Less Shelter (82-84=100,Sa) Prices

96 CPI-U: ex med puxm ∆2 log Cpi-U: All Items Less Medical Care (82-84=100,Sa) Prices

97 PCE: cons N/A ∆2 log Pce (BEA 2.3.4U), Impl Pr Defl:Pce (1987=100) Prices

98 PCE: durables N/A ∆2 log Pce (BEA 2.3.4U), Impl Pr Defl:Pce; Durables (1987=100) Prices

99 PCE: nondurables N/A ∆2 log Pce (BEA 2.3.4U), Impl Pr Defl:Pce; Nondurables (1987=100) Prices

100 PCE: services N/A ∆2 log Pce (BEA 2.3.4U), Impl Pr Defl:Pce; Services (1987=100) Prices

101 AHE: goods ahpgp ∆2 log Avg Hourly Earnings of Prod or Nonsup Workers on Private Nonfarm Payrolls: Goods-producing Labor Market

102 AHE: const ahpcon ∆2 log Avg Hourly Earnings of Prod or Nonsup Workers on Private Nonfarm Payrolls: Construction Labor Market

103 AHE: mfg ahpmf ∆2 log Avg Hourly Earnings of Prod or Nonsup Workers on Private Nonfarm Payrolls: Manufacturing Labor Market
104 UMICE ∆lev U. of Mich. Index of Consumer Sentiment (Expected Index) Consumption, Orders and Inventories
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Table 6

Summary Statistics of Bond and Stock Excess Returns

This table presents summary statistics for Treasury bond excess returns (Panel A) and stock excess returns
(Panel B) for the time period July 1991 to June 2010. The excess returns for two to five year bonds are
calculated for a one year holding period and the stock market excess returns (value-weighted CRSP index,
growth and value FF-portfolios) are for a three, six and twelve month holding period. Bond excess returns
are annualized and in percent, stock excess returns are monthly and in percent. The data frequency is
monthly and the sample spans the period from July 1991 to June 2010.

Panel A: Bond Excess Returns

2y 3y 4y 5y
Mean 0.85 1.66 2.35 2.76
StDev 1.35 2.62 3.68 4.56
Min -2.37 -5.24 -6.88 -8.37
Max 3.64 7.31 10.30 12.54
Skewness -0.05 -0.18 -0.23 -0.31
Kurtosis 2.20 2.38 2.42 2.51
AC(1) 0.94 0.93 0.93 0.92

Panel B: Stock Excess Returns

Market Growth Value
3m 6m 12m 3m 6m 12m 3m 6m 12m

Mean 0.39 0.41 0.39 0.28 0.30 0.27 0.68 0.70 0.69
StDev 2.80 2.09 1.55 3.33 2.30 1.64 3.25 2.40 1.63
Min -13.30 -9.42 -4.95 -13.58 -8.69 -4.21 -15.14 -12.80 -5.90
Max 8.46 6.02 3.82 7.79 5.69 3.66 10.24 8.54 5.15
Skewness -1.05 -1.44 -1.09 -0.68 -0.86 -0.66 -1.27 -1.61 -1.02
Kurtosis 6.20 7.23 4.29 4.50 4.79 3.31 7.12 10.26 5.41
AC(1) 0.72 0.85 0.94 0.68 0.83 0.91 0.74 0.84 0.94
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Table 7

Summary Statistics of Corporate Bond and CMBS Excess Returns

This table presents summary statistics for long and intermediate corporate bond excess returns (Panels A
and B), and commercial mortgage-backed securities excess returns (Panel C) for the time period from July
1991 to June 2010. The excess returns are for a three, six and twelve month holding period. All numbers
are monthly and in percent. The data frequency is monthly and the sample spans the period from July 1991
to June 2010.

Panel A: Corporate Bonds (long)

AAA BBB CCC
3m 6m 12m 3m 6m 12m 3m 6m 12m

Mean -0.17 -0.19 -0.22 -0.25 -0.27 -0.29 -0.19 -0.22 -0.22
StDev 1.70 1.16 0.75 1.65 1.18 0.84 8.36 5.65 3.46
Min -6.52 -4.16 -3.02 -9.14 -5.39 -3.35 -28.54 -15.97 -10.87
Max 8.32 4.98 2.56 5.84 4.38 2.91 36.39 18.24 9.13
Skewness 0.40 0.42 -0.01 -0.37 0.37 0.48 0.60 0.17 -0.20
Kurtosis 7.40 6.49 5.27 8.26 6.09 4.89 7.27 4.13 3.47
AC(1) 0.51 0.66 0.82 0.70 0.85 0.92 0.56 0.73 0.84

Panel B: Corporate Bonds (intermediate)

AAA BBB CCC
3m 6m 12m 3m 6m 12m 3m 6m 12m

Mean -0.26 -0.28 -0.31 -0.26 -0.27 -0.29 -0.20 -0.21 -0.23
StDev 0.78 0.53 0.35 1.00 0.77 0.56 3.38 2.62 1.80
Min -2.73 -1.81 -1.15 -5.19 -3.06 -1.95 -18.45 -10.85 -6.08
Max 2.71 1.53 0.78 3.89 3.01 1.85 13.50 9.25 5.72
Skewness 0.12 0.21 0.18 -0.29 0.79 1.11 -0.50 0.13 0.34
Kurtosis 4.64 4.02 3.81 8.30 6.81 6.19 9.28 6.44 4.79
AC(1) 0.63 0.76 0.88 0.75 0.89 0.95 0.80 0.89 0.95

Panel C: Commercial Mortgage-Backed Securities

AAA BBB B
3m 6m 12m 3m 6m 12m 3m 6m 12m

Mean -0.25 -0.25 -0.26 -0.42 -0.38 -0.36 -0.77 -0.78 -0.97
StDev 1.72 1.32 0.93 5.35 4.44 3.49 4.31 3.65 2.87
Min -13.89 -7.87 -4.24 -28.99 -19.42 -11.39 -28.82 -18.10 -10.55
Max 4.36 4.32 3.50 25.54 16.35 10.26 5.01 5.55 4.87
Skewness -2.91 -0.94 0.42 -0.44 -0.05 0.24 -3.63 -2.75 -1.83
Kurtosis 27.33 12.08 7.74 16.27 10.43 6.31 21.31 12.95 6.72
AC(1) 0.66 0.81 0.91 0.84 0.93 0.96 0.84 0.91 0.96
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Table 8

Summary Statistics of Macro and Uncertainty Factors

Panel A reports the summary statistics of uncertainty measures Û (i) for the long and the short rate (ÛSR,

ÛLR), real GDP (ÛRGDP ), and CPI (ÛCPI). In addition, Panel A also reports the summary statistics for the
annualized inflation and consumption volatilities σπ and σg. Panel B contains the summary statistics for the

eight macro factors from Ludvigson and Ng (2009, 2011), F̂j , j = 1, ..., 8. Panel C contains the Cochrane and
Piazzesi (2005) factor (CP), the slope of the term structure (SLOPE) calculated as the difference between
the ten year and the one month Treasury yield, and the refinancing index from the Mortgage Bankers
Association (REF). It also contains the summary statistics for the log dividend yield of the S&P 500, DY,
the log earnings to price ration, E/P, and NTIS, the net equity expansion from Goyal and Welch (2008). All
data is monthly and the sample spans the period from July 1991 to June 2010.

Panel A: Uncertainty Proxies

ÛSR ÛLR ÛRGDP ÛCPI σg σπ
Mean -0.59 -0.59 -0.60 -0.49 1.01 1.33
StDev 0.71 0.63 0.76 0.95 0.16 0.45
Min -2.08 -2.01 -1.96 -1.70 0.72 0.77
Max 1.29 2.20 3.78 5.66 1.34 3.52
Skewness 0.48 0.58 1.34 2.96 0.11 2.01
Kurtosis 2.66 4.32 8.91 15.14 1.94 8.51
AC(1) 0.81 0.69 0.84 0.83 0.96 0.93

Panel C: Macro Factors

F̂1 F̂2 F̂3 F̂4 F̂5 F̂6 F̂7 F̂8

Mean 0.16 0.00 -0.18 -0.07 -0.02 0.05 0.00 0.01
StDev 4.70 3.22 2.75 2.14 1.97 1.88 1.79 1.66
Min -22.78 -11.84 -5.97 -10.09 -8.36 -4.55 -4.08 -5.52
Max 7.76 14.85 9.05 10.00 14.57 5.31 4.93 6.66
Skewness -1.93 0.81 0.95 -0.17 0.90 0.23 0.22 0.40
Kurtosis 8.39 7.11 4.46 6.62 18.55 3.26 2.78 4.58
AC(1) 0.85 -0.11 0.63 0.25 -0.31 0.47 0.19 -0.16

Panel C: Additional Controls

CP SLOPE REF DY E/P NTIS
Mean 1.92 0.00 1673.80 -3.94 -3.20 0.01
StDev 1.08 0.39 1559.41 0.30 0.38 0.02
Min -0.39 -2.10 69.90 -4.53 -4.84 -0.06
Max 4.88 1.22 9977.80 -3.29 -2.71 0.05
Skewness 0.66 -0.18 2.04 0.10 -2.05 -1.04
Kurtosis 3.31 6.68 8.64 2.05 8.52 4.15
AC(1) 0.89 -0.11 0.83 0.98 0.97 0.97
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Table 9

Excess Long Corporate Bond Returns Predictability

We run the following regression: rx
(i)
t+h = β′(i)(h)VRPt + γ′

Mt + ǫ
(i)
t+h, where rx

(i)
t+h is the three, six,

or twelve month excess return on a long-term corporate bond portfolio for rating classes AAA, BBB and

CCC, respectively. VRPt is a vector containing the principal components of the bond variance risk premia,

VRP(PC1), VRP(PC2) and VRP(PC3). Mt includes the equity market variance risk premium (VRP
(E)
t ), the

Cochrane and Piazzesi (2005) factor (CP) and the macro factors F̂j , j = 1 . . . , 8 from Ludvigson and Ng

(2009). Regressions are standardized, meaning all variables are de-meaned and divided by their standard

deviation. Coefficients are estimated with ordinary-least squares, t-statistics are in parentheses and are

calculated using Newey and West (1987) standard errors. Data is monthly and the sample spans the period

from July 1991 to June 2010.

AAA BBB CCC
3m 6m 12m 3m 6m 12m 3m 6m 12m

V̂RP
(1)

0.066 0.173 0.373 0.054 0.191 0.347 0.103 0.167 0.306
(0.74) (1.83) (3.67) (0.63) (2.25) (3.52) (1.17) (1.48) (2.55)

V̂RP
(2)

0.264 0.264 0.178 0.154 0.254 0.147 0.074 0.098 0.075
(2.71) (3.01) (2.01) (2.11) (2.64) (1.52) (1.15) (1.06) (0.75)

V̂RP
(3)

-0.007 0.049 0.011 0.070 0.113 0.032 0.031 0.080 0.062
(-0.10) (0.64) (0.16) (0.99) (1.55) (0.60) (0.49) (1.20) (1.01)

VRP(E) 0.160 0.109 0.070 0.213 0.175 0.147 0.096 0.175 0.051
(1.57) (0.80) (0.54) (1.67) (1.38) (1.17) (0.96) (1.49) (0.39)

CP 0.244 0.317 0.396 0.208 0.258 0.267 0.143 0.178 0.189
(2.52) (2.80) (4.40) (2.29) (2.55) (2.97) (1.72) (1.73) (2.26)

F̂1 -0.012 -0.056 -0.047 -0.028 -0.093 -0.146 0.025 0.038 -0.126
(-0.14) (-0.55) (-0.45) (-0.18) (-0.58) (-1.32) (0.22) (0.25) (-0.99)

F̂2 -0.080 0.012 0.080 0.011 0.006 0.089 -0.079 -0.026 0.014
(-1.44) (0.23) (1.69) (0.17) (0.15) (1.82) (-2.13) (-0.91) (0.31)

F̂3 0.026 -0.025 -0.008 0.101 0.034 0.045 0.024 -0.001 -0.033
(0.31) (-0.29) (-0.10) (1.60) (0.50) (0.75) (0.39) (-0.02) (-0.42)

F̂4 0.020 0.013 0.094 -0.078 -0.053 0.023 -0.096 -0.111 -0.125
(0.24) (0.14) (1.03) (-0.76) (-0.48) (0.25) (-1.17) (-1.16) (-1.27)

F̂5 -0.043 -0.070 -0.020 -0.050 -0.026 -0.061 0.038 0.034 -0.012
(-0.45) (-0.74) (-0.34) (-0.94) (-0.36) (-0.99) (0.74) (0.69) (-0.20)

F̂6 -0.029 -0.023 0.028 0.166 0.129 0.116 0.160 0.158 0.094
(-0.52) (-0.31) (0.43) (2.29) (1.85) (1.69) (2.07) (2.11) (1.27)

F̂7 0.085 0.200 0.268 0.106 0.156 0.242 0.015 -0.017 0.058
(1.25) (2.92) (3.90) (1.47) (2.27) (4.18) (0.23) (-0.24) (0.84)

F̂8 0.065 0.066 0.196 -0.028 0.027 0.132 -0.093 -0.026 0.040
(0.66) (0.93) (4.05) (-0.45) (0.46) (2.56) (-1.84) (-0.41) (0.72)

AdjR2 0.12 0.18 0.36 0.16 0.28 0.42 0.06 0.11 0.20
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Table 10

Excess Bond and Stock Returns

We run the following regression: rx
(i)
t+h = β′(i)(h)VRPt + ǫ

(i)
t+h. For bonds (Panel A), rx

(i)
t+h is the one year

(h = 12 months) excess return for i = {24, 36, 48, 60} month Treasury bonds. For stocks (Panel B), rx
(i)
t+h is

the three, six, or twelve month excess return on the market (value-weighted CRSP index), value and growth
portfolio (from Ken French’s Data Library), respectively. VRPt is a vector containing the individual bond

variance risk premia, VRP(30y), VRP(10y) and VRP(5y). Regressions are standardized, meaning all variables
are de-meaned and divided by their standard deviation. Coefficients are estimated with ordinary-least
squares, t-statistics are in parentheses and are calculated using Newey and West (1987) standard errors.
Data is monthly and the sample spans the period from July 1991 to June 2010.

Panel A: Fama Bliss Treasury Bonds

2y 3y 4y 5y
VRP(30y) -0.264 -0.247 -0.268 -0.243

(-2.18) (-2.04) (-2.41) (-2.36)

VRP(10y) 0.250 0.275 0.303 0.318
(1.91) (2.00) (2.17) (2.22)

VRP(5y) 0.020 0.002 -0.013 -0.013
(0.18) (0.02) (-0.11) (-0.11)

AdjR2 0.03 0.03 0.03 0.03

Panel B: Stocks

Market Growth Value
3m 6m 12m 3m 6m 12m 3m 6m 12m

VRP(30y) 0.256 0.453 0.402 0.189 0.407 0.391 0.182 0.402 0.365
(2.03) (3.80) (3.74) (1.66) (3.56) (3.58) (1.18) (3.06) (3.12)

VRP(10y) -0.149 -0.179 -0.101 -0.098 -0.158 -0.101 -0.093 -0.098 0.089
(-1.39) (-1.49) (-0.72) (-0.89) (-1.34) (-0.72) (-0.86) (-0.72) (0.61)

VRP(5y) -0.073 -0.171 -0.135 0.003 -0.109 -0.077 -0.150 -0.253 -0.290
(-0.46) (-1.23) (-0.73) (0.02) (-0.88) (-0.51) (-0.87) (-1.71) (-1.43)

AdjR2 0.02 0.09 0.08 0.01 0.07 0.08 0.02 0.09 0.11
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Table 11

Excess Corporate Bond and Commercial Mortgage-Backed Securities Returns

We run the following regression: rx
(i)
t+h = β′(i)(h)VRPt + ǫ

(i)
t+h, where rx

(i)
t+h is the three, six, or twelve

month excess return on long and intermediate maturity corporate bond (Panels A and B) or commercial
mortgage-backed securities indices (Panel C), respectively. We use AAA, BBB and CCC indices for corporate
bonds and AAA, BBB, and B indices for CMBS. VRPt is a vector containing the individual bond variance
risk premia, VRP(30y), VRP(10y) and VRP(5y). Regressions are standardized, meaning all variables are
de-meaned and divided by their standard deviation. Coefficients are estimated with ordinary-least squares,
t-statistics are in parentheses and are calculated using Newey and West (1987) standard errors. Data is
monthly and the sample spans the period from July 1991 to June 2010. CMBS data start in January 1997.

Panel A: Long Corporate Bonds
AAA BBB CCC

3m 6m 12m 3m 6m 12m 3m 6m 12m
VRP(30y) 0.235 0.275 0.174 0.330 0.485 0.348 0.154 0.284 0.277

(1.82) (1.87) (1.52) (2.37) (3.10) (2.80) (1.41) (2.13) (2.20)

VRP(10y) 0.214 0.210 0.382 0.017 0.068 0.252 0.062 0.013 0.113
(1.90) (1.81) (3.03) (0.14) (0.56) (2.22) (0.54) (0.10) (0.89)

VRP(5y) -0.288 -0.213 -0.097 -0.116 -0.172 -0.037 -0.042 -0.010 0.059
(-2.84) (-2.01) (-0.81) (-1.52) (-1.85) (-0.29) (-0.51) (-0.09) (0.42)

AdjR2 0.09 0.12 0.21 0.08 0.20 0.29 0.02 0.08 0.16

Panel B: Intermediate Corporate Bonds
AAA BBB CCC

3m 6m 12m 3m 6m 12m 3m 6m 12m
VRP(30y) 0.130 0.179 0.229 0.470 0.600 0.454 0.533 0.596 0.368

(1.55) (1.57) (1.96) (3.19) (3.79) (2.94) (3.32) (3.83) (2.47)

VRP(10y) 0.226 0.231 0.285 -0.021 0.041 0.197 -0.195 -0.097 0.104
(2.18) (2.03) (2.34) (-0.16) (0.34) (1.85) (-1.40) (-0.69) (0.82)

VRP(5y) -0.230 -0.221 -0.134 -0.189 -0.199 -0.077 -0.063 -0.088 0.038
(-2.49) (-2.00) (-1.18) (-2.51) (-2.13) (-0.60) (-0.54) (-0.84) (0.25)

AdjR2 0.05 0.08 0.16 0.14 0.29 0.32 0.14 0.23 0.22

Panel C: Commercial Mortgage-Backed Securities
AAA BBB B

3m 6m 12m 3m 6m 12m 3m 6m 12m
VRP(30y) 0.599 0.744 0.643 0.420 0.660 0.707 0.059 0.141 0.189

(3.15) (3.39) (3.50) (2.30) (3.33) (5.05) (0.36) (0.65) (1.16)

VRP(10y) -0.152 -0.139 0.165 0.071 0.026 0.165 0.054 0.040 0.278
(-0.72) (-0.67) (0.77) (0.40) (0.18) (0.96) (0.30) (0.24) (1.27)

VRP(5y) -0.224 -0.280 -0.380 -0.413 -0.506 -0.482 -0.339 -0.321 -0.522
(-2.24) (-2.03) (-1.54) (-2.59) (-2.82) (-2.09) (-1.90) (-1.46) (-1.87)

AdjR2 0.16 0.27 0.34 0.12 0.27 0.38 0.06 0.04 0.11
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Table 12

Treasury Bonds Excess Return Predictability

We run the following regression: rx
(i)
t+h = β′(i)(h)VRPt + γ′

Mt + ǫ
(i)
t+h, where rx

(i)
t+h is the one year excess

return for i = {24, 36, 48, 60}month Treasury bonds. VRPt is a vector containing the individual bond vari-

ance risk premia, VRP(30y), VRP(10y) and VRP(5y). Mt includes the equity market variance risk premium

(VRP
(E)
t ), the Cochrane and Piazzesi (2005) factor (CP) and the macro factors F̂j , j = 1 . . . , 8 from Ludvig-

son and Ng (2009). Regressions are standardized, meaning all variables are de-meaned and divided by their

standard deviation. Coefficients are estimated with ordinary-least squares, t-statistics are in parentheses

and are calculated using Newey and West (1987) standard errors. Data is monthly and the sample spans

the period from July 1991 to June 2010.

2y 3y 4y 5y

VRP(30y) -0.456 -0.440 -0.428 -0.372
(-3.58) (-3.40) (-3.40) (-2.93)

VRP(10y) 0.128 0.143 0.152 0.157
(1.35) (1.45) (1.51) (1.54)

VRP(5y) 0.022 0.024 0.035 0.050
(0.25) (0.26) (0.38) (0.54)

VRP(E) 0.102 0.133 0.113 0.104
(0.73) (0.93) (0.78) (0.70)

CP 0.357 0.359 0.376 0.374
(3.78) (3.96) (4.26) (4.36)

F̂1 -0.433 -0.380 -0.331 -0.276
(-4.30) (-3.63) (-3.16) (-2.58)

F̂2 0.025 0.024 0.023 0.030
(0.65) (0.65) (0.64) (0.94)

F̂3 0.145 0.175 0.226 0.250
(2.03) (2.68) (3.76) (4.10)

F̂4 0.028 0.055 0.089 0.123
(0.43) (0.79) (1.25) (1.68)

F̂5 0.027 0.042 0.057 0.073
(0.47) (0.74) (1.04) (1.33)

F̂6 -0.012 0.040 0.078 0.093
(-0.15) (0.49) (0.94) (1.13)

F̂7 0.146 0.192 0.217 0.254
(1.74) (2.23) (2.53) (2.95)

F̂8 0.044 0.095 0.126 0.150
(0.63) (1.33) (1.76) (2.14)

AdjR2 0.28 0.28 0.30 0.31
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Table 13

Stock Excess Returns Predictability

We run the following regression: rx
(i)
t+h = β′(i)(h)VRPt + γ′

Mt + ǫ
(i)
t+h, where rx

(i)
t+h is the three, six, or

twelve month excess return on the market (value-weighted CRSP index), value and growth portfolio (from

Ken French’s Data Library), respectively. VRPt is a vector containing the individual bond variance risk

premia, VRP(30y), VRP(10y) and VRP(5y). Mt includes the equity market variance risk premium (VRP
(E)
t ),

the log dividend yield (DY), the log earnings to price ratio (E/P), and the net equity expansion (NTIS)

from Goyal and Welch (2008). Regressions are standardized, meaning all variables are de-meaned and

divided by their standard deviation. Coefficients are estimated with ordinary-least squares, t-statistics are

in parentheses and are calculated using Newey and West (1987) standard errors. Data is monthly and the

sample spans the period from July 1991 to June 2010.

Market Growth Value
3m 6m 12m 3m 6m 12m 3m 6m 12m

VRP(30y) 0.222 0.449 0.396 0.097 0.328 0.298 0.187 0.447 0.438
(1.39) (2.52) (3.57) (0.67) (2.08) (2.49) (1.22) (2.21) (4.06)

VRP(10y) -0.194 -0.249 -0.172 -0.113 -0.196 -0.144 -0.150 -0.182 -0.014
(-1.49) (-1.73) (-1.77) (-0.90) (-1.46) (-1.33) (-1.16) (-1.06) (-0.13)

VRP(5y) -0.056 -0.149 -0.128 -0.006 -0.115 -0.092 -0.098 -0.194 -0.240
(-0.49) (-1.67) (-1.10) (-0.05) (-1.25) (-0.96) (-0.80) (-1.84) (-1.76)

VRP(E) 0.207 0.298 0.333 0.267 0.383 0.412 -0.006 0.085 0.190
(1.70) (3.42) (3.99) (2.47) (4.16) (4.71) (-0.04) (0.78) (1.57)

DY 0.146 0.169 0.282 0.149 0.174 0.275 0.085 0.082 0.136
(1.25) (1.35) (2.37) (1.29) (1.35) (2.10) (0.74) (0.63) (1.20)

E/P 0.073 0.153 0.200 0.093 0.172 0.180 -0.091 -0.012 0.083
(0.43) (0.89) (1.38) (0.64) (1.06) (1.24) (-0.57) (-0.08) (0.55)

NTIS 0.285 0.429 0.470 0.213 0.363 0.409 0.193 0.346 0.487
(1.62) (2.13) (2.75) (1.41) (2.12) (2.83) (1.16) (1.64) (2.67)

AdjR2 0.11 0.30 0.39 0.07 0.25 0.33 0.05 0.19 0.34
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Table 14

Excess Long Corporate Bond Returns Predictability

We run the following regression: rx
(i)
t+h = β′(i)(h)VRPt + γ′

Mt + ǫ
(i)
t+h, where rx

(i)
t+h is the three, six, or

twelve month excess return on a long-term corporate bond portfolio for rating classes AAA, BBB and CCC,

respectively. VRPt is a vector containing the individual bond variance risk premia, VRP(30y), VRP(10y)

and VRP(5y). Mt includes the equity market variance risk premium (VRP
(E)
t ), the Cochrane and Piazzesi

(2005) factor (CP) and the macro factors F̂j , j = 1 . . . , 8 from Ludvigson and Ng (2009). Regressions are

standardized, meaning all variables are de-meaned and divided by their standard deviation. Coefficients are

estimated with ordinary-least squares, t-statistics are in parentheses and are calculated using Newey and

West (1987) standard errors. Data is monthly and the sample spans the period from July 1991 to June 2010.

AAA BBB CCC
3m 6m 12m 3m 6m 12m 3m 6m 12m

VRP(30y) 0.240 0.349 0.305 0.237 0.425 0.295 0.140 0.243 0.255
(1.65) (2.27) (2.20) (1.65) (2.66) (2.71) (1.28) (1.79) (2.26)

VRP(10y) 0.110 0.064 0.180 -0.049 -0.035 0.128 0.011 -0.035 0.042
(1.17) (0.57) (1.86) (-0.45) (-0.34) (1.55) (0.10) (-0.32) (0.42)

VRP(5y) -0.296 -0.231 -0.074 -0.131 -0.181 -0.036 -0.037 -0.019 0.050
(-2.64) (-2.27) (-0.66) (-1.94) (-1.76) (-0.26) (-0.46) (-0.16) (0.34)

VRP(E) 0.160 0.109 0.070 0.213 0.175 0.147 0.096 0.175 0.051
(1.57) (0.80) (0.54) (1.67) (1.38) (1.17) (0.96) (1.49) (0.39)

CP 0.244 0.317 0.396 0.208 0.258 0.267 0.143 0.178 0.189
(2.52) (2.80) (4.40) (2.29) (2.55) (2.97) (1.72) (1.73) (2.26)

F̂1 -0.012 -0.056 -0.047 -0.028 -0.093 -0.146 0.025 0.038 -0.126
(-0.14) (-0.55) (-0.45) (-0.18) (-0.58) (-1.32) (0.22) (0.25) (-0.99)

F̂2 -0.080 0.012 0.080 0.011 0.006 0.089 -0.079 -0.026 0.014
(-1.44) (0.23) (1.69) (0.17) (0.15) (1.82) (-2.13) (-0.91) (0.31)

F̂3 0.026 -0.025 -0.008 0.101 0.034 0.045 0.024 -0.001 -0.033
(0.31) (-0.29) (-0.10) (1.60) (0.50) (0.75) (0.39) (-0.02) (-0.42)

F̂4 0.020 0.013 0.094 -0.078 -0.053 0.023 -0.096 -0.111 -0.125
(0.24) (0.14) (1.03) (-0.76) (-0.48) (0.25) (-1.17) (-1.16) (-1.27)

F̂5 -0.043 -0.070 -0.020 -0.050 -0.026 -0.061 0.038 0.034 -0.012
(-0.45) (-0.74) (-0.34) (-0.94) (-0.36) (-0.99) (0.74) (0.69) (-0.20)

F̂6 -0.029 -0.023 0.028 0.166 0.129 0.116 0.160 0.158 0.094
(-0.52) (-0.31) (0.43) (2.29) (1.85) (1.69) (2.07) (2.11) (1.27)

F̂7 0.085 0.200 0.268 0.106 0.156 0.242 0.015 -0.017 0.058
(1.25) (2.92) (3.90) (1.47) (2.27) (4.18) (0.23) (-0.24) (0.84)

F̂8 0.065 0.066 0.196 -0.028 0.027 0.132 -0.093 -0.026 0.040
(0.66) (0.93) (4.05) (-0.45) (0.46) (2.56) (-1.84) (-0.41) (0.72)

AdjR2 0.12 0.18 0.36 0.16 0.28 0.42 0.06 0.11 0.20
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Table 15

Excess Intermediate Corporate Bond Returns Predictability

We run the following regression: rx
(i)
t+h = β′(i)(h)VRPt + γ′

Mt + ǫ
(i)
t+h, where rx

(i)
t+h is the three, six, or

twelve month excess return on a intermediate-term corporate bond portfolio for rating classes AAA, BBB

and CCC, respectively. VRPt is a vector containing the individual bond variance risk premia, VRP(30y),

VRP(10y) and VRP(5y). Mt includes the equity market variance risk premium (VRP
(E)
t ), the Cochrane and

Piazzesi (2005) factor (CP) and the macro factors F̂j , j = 1 . . . , 8 from Ludvigson and Ng (2009). Regressions

are standardized, meaning all variables are de-meaned and divided by their standard deviation. Coefficients

are estimated with ordinary-least squares, t-statistics are in parentheses and are calculated using Newey and

West (1987) standard errors. Data is monthly and the sample spans the period from July 1991 to June 2010.

AAA BBB CCC
3m 6m 12m 3m 6m 12m 3m 6m 12m

VRP(30y) -0.004 0.068 0.046 0.261 0.420 0.211 0.436 0.521 0.222
(-0.03) (0.50) (0.43) (1.93) (2.65) (2.05) (3.28) (2.99) (2.22)

VRP(10y) 0.156 0.132 0.184 -0.046 -0.008 0.138 -0.224 -0.147 0.030
(1.52) (1.33) (1.97) (-0.42) (-0.10) (1.96) (-2.38) (-1.55) (0.38)

VRP(5y) -0.218 -0.201 -0.080 -0.199 -0.216 -0.089 -0.077 -0.131 -0.008
(-2.27) (-2.28) (-0.98) (-3.04) (-2.18) (-0.70) (-0.90) (-1.36) (-0.06)

VRP(E) 0.174 0.056 0.055 0.220 0.173 0.170 0.149 0.169 0.127
(1.69) (0.46) (0.37) (1.85) (1.42) (1.46) (0.98) (1.19) (1.26)

CP 0.203 0.229 0.202 0.170 0.197 0.185 0.140 0.202 0.205
(2.34) (2.41) (2.34) (2.26) (2.25) (2.56) (2.05) (2.33) (2.50)

F̂1 -0.121 -0.257 -0.324 -0.128 -0.208 -0.339 -0.044 -0.094 -0.324
(-1.29) (-2.66) (-3.40) (-0.86) (-1.39) (-3.62) (-0.30) (-0.62) (-3.85)

F̂2 0.003 0.075 0.107 -0.001 0.039 0.092 -0.095 0.004 0.059
(0.09) (1.87) (3.16) (-0.01) (1.08) (2.17) (-1.27) (0.10) (1.65)

F̂3 0.193 0.192 0.244 0.172 0.111 0.115 0.017 -0.077 -0.107
(2.04) (2.01) (2.99) (3.01) (1.71) (2.18) (0.28) (-1.02) (-1.13)

F̂4 0.094 0.080 0.106 -0.139 -0.096 -0.027 -0.302 -0.277 -0.243
(1.16) (0.93) (1.50) (-1.12) (-0.90) (-0.32) (-2.55) (-2.70) (-2.55)

F̂5 -0.012 -0.035 -0.011 -0.012 -0.029 -0.061 -0.025 -0.042 -0.099
(-0.13) (-0.40) (-0.20) (-0.18) (-0.40) (-1.14) (-0.43) (-0.84) (-1.78)

F̂6 -0.010 0.021 0.132 0.159 0.113 0.100 0.204 0.174 0.188
(-0.16) (0.33) (1.97) (2.36) (1.65) (1.43) (2.96) (2.86) (2.84)

F̂7 0.133 0.235 0.281 0.088 0.118 0.202 0.016 0.047 0.140
(2.11) (3.69) (3.80) (1.48) (1.96) (3.97) (0.35) (0.88) (2.73)

F̂8 0.079 0.087 0.189 -0.021 0.009 0.115 -0.013 -0.008 0.077
(0.99) (1.41) (3.82) (-0.36) (0.16) (2.55) (-0.22) (-0.13) (1.79)

AdjR2 0.13 0.23 0.43 0.27 0.40 0.52 0.29 0.38 0.46
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Table 16

Excess Commercial Mortgage-Backed Securities Returns Predictability
(individual)

We run the following regression: rx
(i)
t+h = β′(i)(h)VRPt+γ′

Mt+ǫ
(i)
t+h, where rx

(i)
t+h is the three, six, or twelve

month excess return on a commercial mortgage-backed securities portfolio for rating classes AAA, BBB and

B, respectively. VRPt is a vector containing the individual bond variance risk premia, VRP(30y), VRP(10y)

and VRP(5y). Mt includes the equity market variance risk premium (VRP
(E)
t ), the Cochrane and Piazzesi

(2005) factor (CP) and the macro factors F̂j , j = 1 . . . , 8 from Ludvigson and Ng (2009). Regressions are

standardized, meaning all variables are de-meaned and divided by their standard deviation. Coefficients are

estimated with ordinary-least squares, t-statistics are in parentheses and are calculated using Newey and

West (1987) standard errors. Data is monthly and the sample spans the period from July 1991 to June 2010.

AAA BBB B
3m 6m 12m 3m 6m 12m 3m 6m 12m

VRP(30y) 0.562 0.701 0.512 0.370 0.591 0.566 0.363 0.531 0.476
(2.55) (2.66) (3.85) (2.05) (2.72) (3.82) (1.83) (1.79) (2.23)

VRP(10y) -0.247 -0.220 0.058 0.047 -0.031 0.095 -0.042 -0.094 0.072
(-1.30) (-1.38) (0.50) (0.33) (-0.27) (0.87) (-0.33) (-0.66) (0.54)

VRP(5y) -0.177 -0.272 -0.436 -0.265 -0.448 -0.523 -0.201 -0.204 -0.465
(-2.12) (-2.15) (-1.77) (-2.79) (-3.70) (-2.27) (-2.28) (-1.64) (-2.13)

VRP(E) -0.041 -0.073 -0.025 -0.260 -0.120 0.033 -0.318 -0.285 -0.138
(-0.76) (-0.84) (-0.28) (-2.14) (-1.52) (0.35) (-1.71) (-2.16) (-1.27)

CP 0.125 0.135 0.139 0.028 0.079 0.099 0.170 0.162 0.184
(2.16) (1.63) (1.68) (0.42) (1.19) (1.15) (2.47) (2.13) (2.34)

F̂1 -0.066 -0.166 -0.402 -0.058 -0.128 -0.269 0.266 0.309 0.120
(-0.40) (-0.94) (-5.02) (-0.37) (-0.71) (-2.53) (1.61) (1.62) (0.81)

F̂2 -0.141 0.010 0.115 -0.125 -0.005 0.057 -0.154 -0.089 -0.055
(-1.21) (0.23) (2.15) (-1.65) (-0.13) (1.17) (-1.43) (-1.52) (-1.48)

F̂3 0.245 0.197 0.145 0.360 0.263 0.142 0.259 0.051 -0.017
(4.53) (2.83) (1.75) (2.98) (2.88) (1.36) (2.58) (0.34) (-0.09)

F̂4 -0.220 -0.217 -0.159 -0.283 -0.255 -0.191 -0.187 -0.292 -0.365
(-1.59) (-1.81) (-1.80) (-2.26) (-2.72) (-2.17) (-1.22) (-2.03) (-2.70)

F̂5 -0.027 -0.064 -0.123 0.012 -0.074 -0.119 0.028 -0.036 -0.118
(-0.40) (-0.93) (-1.96) (0.19) (-1.62) (-1.91) (0.37) (-0.61) (-1.62)

F̂6 0.169 0.088 0.021 0.226 0.210 0.073 0.102 0.179 0.233
(1.74) (1.09) (0.31) (2.66) (2.49) (1.14) (1.11) (1.95) (2.66)

F̂7 0.033 -0.009 0.062 -0.102 -0.127 -0.034 0.019 -0.047 0.001
(0.64) (-0.12) (1.17) (-1.59) (-2.06) (-0.71) (0.28) (-0.60) (0.01)

F̂8 -0.170 -0.127 -0.041 -0.181 -0.158 -0.084 -0.156 -0.162 -0.107
(-1.65) (-1.48) (-0.72) (-2.17) (-1.84) (-1.50) (-1.86) (-1.56) (-1.23)

AdjR2 0.33 0.38 0.49 0.42 0.48 0.50 0.34 0.34 0.37
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