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This Online Appendix covers the following items: a subperiod analysis excluding the financial
crisis; details of the impulse responses in the full-sample aggregate VARs from the paper; a ro-
bustness check replacing the VIX with a medium-term volatility index; a robustness check using
nonparametric impulse response functions; additional details for the panel VAR in the paper;
additional details for the VAR with market-specific news; and a VAR analysis incorporating a

measure of the volatility risk premium.

I Subperiod analysis

Here we analyze the performance of our single-name panels and the aggregate VAR in the pre-
crisis subsample (up to and including December 2006). We first study the single-name panels;

and then analyze the aggregate-level VARs.

A Single name panels

We repeated the panel analysis of Section [IV] from the paper over the pre-crisis time-period
from June 1998 to December 2006. We estimated a modified version of equation where we
dropped the implied volatility data series (since they only start in January of 2005). We ran
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the panel using 2 and 3 lags, to generate tables comparable to Table 8| in the paper. Tables
and 2 show the results.

The results for SENTPOS and ENTPOS were weaker in the pre-crisis subsample (in fact,
the coefficients on ENTPOS and ENSENT_POS were positive). However the loadings on
ENTNEG, SENTNEG and ENTSENT_N EG, while smaller in magnitude, were generally
significant and had the appropriate (positive) sign. The stronger results evident in Table
suggest that our model was particularly effective in forecasting single name realized volatility
during the financial crisis, but negative entropy and sentiment were significant both statistically

and economically in forecasting realized volatility even in the pre-crisis period.

B Aggregate impulse responses

We re-estimated the aggregate-level impulse response functions from Section of the paper
in the pre-crisis time period from April 1998 to December 2006. Figures [l (interacted sentiment
first) and[2) (sentiment first) show the impulse responses for ENTSENT_NEG and SENTNEG
shocks. Figures|3| (interacted sentiment first) and {4 (sentiment first) show the impulse responses
for the positive sentiment shocks, ENTSENT_POS and SENTPOS.

All aggregate level responses were quantitatively and qualitatively similar to the full-sample
results, though the significance levels of the impulse responses were lower (which is at least par-
tially attributable to the shorter data sample) and SENT POS tended to outperform ENSENT _POS
(ENTSENT_N EG still outperformed SENT N EG). We conclude that the relationships among
S&P realized volatility, the VIX and our aggregate level entropy and sentiment measures were

largely the same in the pre- and post-crisis subsamples of the data.

ITI Full-sample aggregate impulse responses

Here we show details of the impulse response functions (IRFs) in the aggregate VAR which
was described in Section of the paper. Figure [5[ shows the impulse responses to negative
sentiment shocks. The top panel shows the IRFs with ENTSENT precedes sentiment in the
ordering, and the bottom panel shows the IRFs when ENTSENT follows sentiment. Figure [0]

shows the analogous IRFs for positive sentiment shocks.



A Including VXMT in the aggregate VAR

It is possible that the hump-shaped responses in our VARs are due to the fact that the news
innovations in our sample are systematically about events that will take place four or five months
in the future, and the VIX, since it only measures one-month ahead volatility, doesn’t react to
such news right away. To control for this possibility we rerun our VARs, but include the Mid-
Term VIX (ticker VXMT) as the seventh variable (placed between the VIX and SPX_RVOL).
The VXMT is constructed using S&P 500 options with 6-to-9 months left to expiration, and pro-
vides a six-month ahead volatility forecast. Though we have less data for this augmented VAR,
the shape of the impulse responses of the VIX, VXMT and SPX_RVOL to news innovations
are qualitatively similar to our original specification. For example, the maximal response of the
VXMT and of the VIX to an ENTSENT_N EG innovation occurs in month four (SPX_RVOL
peaks in month three). This suggests that the market does not fully incorporate all relevant

news about future volatility into the VXMT price.

The VXMT is the medium-term VIX index with option maturities between 6 and 9 months.
Our data on the VXMT start in January 2008 (the VAR excluding VXMT runs from April 1998
to December 2015). From January 2008 to July 2016 the correlation between the VXMT and
the 6 month 90% strike S&P 500 implied volatility (obtained from Bloomberg) is 99.52%. This
S&P 500 implied volatility series starts in January 2005, so we use that as our synthetic VMXT
series, in order to have more data for our VAR. Figure [7] shows plots of the two volatility series.
Figures [§ and |§] show the impulse responses (using a Cholesky decomposition of the covariance
matrix) to ENTSENT_NEG and ENTSENT_POS innovations when the order of the VAR
variables is: VIX, VXMT, SPX rvol, ENTSENT_NEG, SENTNEG, ENTSENT_POS,
and SENTPOS.

Running the VAR with either the 90% strike implied volatilies or with the VXMT series —

but run over the shorter time window from staring in 2008 — yields almost identical results.

III Nonparametric impulse response functions

Our impulse response functions are based on a linear VAR model. As a robustness check on the
patterns we observe, we estimated nonparameteric IRFs using an event study approach. We do

the following for both volatility measures (implied and realized) and all four news measures:



e Find months in which volatility is in the middle 40% of its empirical distribution over the

full sample;

e Within those months, find months in which NEWS_MEASURE is in the top or bottom
20% of its empirical distribution. Interpret these as months of typical volatility that
experience a shock to NEWS_MEASURE;

e Trace the path of volatility over the next 10 months;

e Average the paths that start from high levels of NEWS_MEASURE, average the paths
that start from low levels of NEWS_MEASURE, and take the difference of the aver-
ages. This is an empirical IRF, showing the historical response of volatility to a shock in
NEWS_MEASURE. It does not rely on any assumptions of linearity.

Figure [10|shows the response of the VIX (the four left panels) and S&P500 realized volatility
(the four right panels) to observed shocks in the four news measures. The title above each chart
shows which news measure applies and the number of paths averaged. For example, the chart in
the upper left shows the change in the VIX following a large value of ENTSENT _NEG, starting
from 14 months in which ENTSENT_NEG was in the top 20% of its distribution and 15 months

in which it was in the bottom 20% of its distribution.

The overall pattern in the figures is quite similar to the IRFs we estimate using the VAR
model in the paper. All responses go in the expected directions (up for negative news measures,
down for positive news measures), and the response to ENTSENT_NEG looks slightly more
significant than the response to SENTNEG [[| The responses look somewhat less significant than
under the VAR specification, but this is to be expected because the nonparametric method
throws out most of the data. The VAR model makes better use of the full data set by imposing
additional structure. The nonparametric results in Figure [10| provide a robustness check to the
VAR results.

IV Panel VAR: Additional impulse response functions

To contrast our aggregate results with corresponding results at the company-specific level, we

estimate a panel VAR. Our state variables are implied volatility, realized volatility, and the news

!The dashed lines in the figure show +2 standard errors away from the mean path. The standard errors do
not account for serial dependence and are only approximate.



measures ENTSENT _NEG, SENTNEG, ENTSENT_POS, and SENTPOS, all measured
at the company-specific level. To estimate the VAR, for each variable we run a panel regression
of the form in equation in the main paper) with the right side consisting of two lags of all
six variables. Stacking the coefficient vectors from these regressions yields the two coefficient
matrices (corresponding to the two lags) for the VAR model, from which we calculate impulse

response functions.

We use bootstrapping to estimate confidence bands around each impulse response function,
as follows. Each row in our dataset corresponds to a company-month pair and records values of
the six state variables for that company in that month. We have 3513 rows of complete data.
To generate a bootstrap sample, we randomly resample 3513 rows (with replacement) from the
original data. We estimate the panel VAR for the bootstrap sample and then calculate impulse
response functions. We repeat this for 100 bootstrap samples. The confidence bands show the

range of the middle 95% of impulse response functions at each time step.

Figure (11| shows IRFs for shocks to ENTSENT_NEG (top)/ENTSENT_POS (bottom)
and SENTNEG (top)/SENTPOS (bottom) where ENTSENT_NEG and ENTSENT_POS
precede SENTNEG and SENTPOS in the VAR ordering. Figure [12] shows IRFs for shocks
to ENTSENT_NEG and SENTN EG where the ordering is reversed.

V VAR with market-specific news

Figure |13 shows the distribution of article lengths (by total word count) for the roughly 38,000
market-specific articles chosen based on the filter described in the paper. We then considered
different subsets of these articles based on word length (for example, restricting ourselves to
articles between 100 and 500 words yields just under 20,000 articles) but found this had no
qualitative impact on the resulting sentiment and entropy series, or on the VAR results; therefore
we report only results for the entire set of market-specific articles. Figure [14] shows the number
of articles per month that our filter generates, as well as the positive and negative sentiment,
and aggregate entropy, series. There is a spike in articles during the financial crisis. The data
run from April 1998 to December 2014, for a total of 201 months, and 191 articles per month
on average. In the post crisis period the average number of articles per month falls to 90. In
contrast to our bottoms-up series, the market-specific positive and negative sentiment series are

positively correlated.



Figure shows the six series that enter the VAR described in the body of the paper,
with the VIX (and their correlations with the VIX) superimposed for reference. These market-
specific sentiment series are characterized by: (i) spikes around the financial crisis; (ii) a positive
correlation between the positive and negative sentiment series (see Figure , and note that our
bottom-up series are negatively correlated as shown in Table in the paper); and (iii) a positive
(zero) correlation between ES_ NEG_MKT (ES_POS_MKT) and the VIX. Figure [16| shows

the impulse responses from the VAR model.

VI Volatility Risk Premium

As a rough measure of a volatility risk premium (VRP) at time ¢, we use the difference between
the VIX in month ¢ and S&P 500 realized volatility in month ¢ + 1, interpreting the VIX as the
risk-neutral expectation of realized volatility in the next month. (More precisely, VIX? is the
risk-neutral expectation of realized variance; the results are not qualitatively different if we use

variance instead of volatility.)

Figure [17 shows the response of our VRP measure to shocks in ENTSENT_NEG and
SENTNEG for our aggregate VAR. As in the paper, we run two versions of the VAR with
two different orderings of the variables. The figure shows (particularly the first and last panels)
that an increase in negative news produces a drop in the VRP, which gradually mean-reverts.
This is consistent with our observation in the paper that volatility does not immediately fully
incorporate the information in the news measures. In addition, Bollerslev et al. (2009) document
that higher values of the VRP forecast higher returns, so the drop we see in the VRP is consistent
with negative news forecasting lower returns. In Figure we see that a shock to positive news
produces an increase in the VRP (consistent with the opposite effect for negative news) but the

effect is not significant.

Figure [19] shows corresponding results for our single-name panel VAR. The drop in the VRP
following a shock to ENTSENT _N EG is now more instantaneous, consistent with the quicker
response of realized volatility in the single-name IRFs in the paper. The response to positive
news in Figure [20]is positive but not significant. Except for the speed of the response to negative

news, the results are qualitatively similar in the single-name and aggregate settings.



VII Incremental R’ of text measures for future volatility

The incremental explanatory power of our news measures is in the same range as that of vari-
ables used to forecast the equity risk premium. In one-month ahead forecasting regressions for
aggregate market returns, in-sample R?’s range from 0% to 2% across most forecasting variables
(such as divided-price ratio, earnings-price ratio, T-bill rate, term spread, default spread, etc.)
with the median R? below 1% (see Fama and French (1988), Campbell and Thompson (2008),
and Welch and Goyal (2008)) | Campbell and Thompson (2008) argue that variables with such
low in-sample R?’s will have even lower out-of-sample R?’s but importantly remain economically
significant for investors despite this (see the discussion on page 1525 of Campbell and Thompson
2008).

To evaluate the incremental explanatory power of our text measures, we examine the drop
in R? that occurs in our month-ahead forecasting regression, equation ((10)) in the paper, when
removing all our text measures from the right-hand side of the regression, in both the aggregate

and panel versions of equation ([10]).

Removing the news measures from the set of explanatory variables drops the R? of the
single-name regression forecasting implied volatility by 0.005 (row labeled “ivol s-n” in Table (3)),
and of the realized volatility regression by 0.007 (row labeled “rvol s-n”). For comparison, the
incremental R?s from lagged implied volatility range from 0.025 to 0.027 and the incremental R?
from lagged realized volatility range from 0.041 to 0.045. In the aggregate version of the paper’s
equation , the incremental R? of the text measures is 0.030 in the implied S&P 500 volatility
forecasting regression (row labeled “ivol macro”) and 0.036 in the S&P 500 realized volatility
regressions (row labeled “rvol macro”). The incremental R? for lagged implied volatility ranges
from 0.071 to 0.094, and for lagged realized volatility the incremental R? ranges from 0.004 to
0.012. In short, the incremental R?s from our news measures are meaningful when compared
with the incremental R? from the best predictors of volatility, and their magnitude is in line
with the explanatory power of variables that have been shown to forecast the aggregate equity
risk premium. The latter are considered to be economically useful predictors of returns despite

their low in-sample R?’s (as argued in Campbell and Thompson 2008).

2The consumption-to-wealth ratio is the outlier with an R? of 4.57% according to Campbell and Thompson
(2008) though only 1.88% according to Welch and Goyal (2008) in monthly forecasting regressions.
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Text based indicator contribution to volatility forecasting

LHS full. R2 start end ivol rvol news

ivol s-n ivol 0.582 Mar 2005 Dec 2014 0.027 0.041 0.005

ivol s-n F-test 0.007 0.000 0.008
rvol ssn  rvol 0.576 Mar 2005 Dec 2014 0.025 0.045 0.007

rvol s-n F-test 0.000 0.000 0.006
ivol macro  ivol 0.757  Jun 1998 Dec 2014 0.094 0.004 0.030

ivol macro F-test 0.000 0.235 0.000
rvol macro rvol 0.615 Jun 1998 Dec 2014 0.071 0.012 0.036

rvol macro F-test 0.000 0.077 0.048

Table 3: The Full model column gives unadjusted R?’s from the regression in . The columns
labeled 7vol, rvol, and news show the drop in the full model unadjusted R? if ivol, rvol or the
4 news measures are removed from the right side of equation . The rows labeled “F-test”
show the p-value of an F-test comparing the restricted to the unrestricted model (the standard
errors are clustered by time for the panel regressions, and Newey-West with auto-lag selection
is used for the macro tests). The top half of the table refers to the single name panel regressions
for implied and realized volatilities with the full model coefficient estimates shown in Tables
and 8| The lower half of the table shows the results of the VIX (here called iwol macro) and the

SPX_RVOL (rvol macro) regressions from the VARs discussed in Section .
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Aggregate VARs in the pre-crisis time period

ENTSENT first —— Shock to ENTSENT_NEG from Apr 1998 to Dec 2006 ENTSENT first —— Shock to SENTNEG from Apr 1998 to Dec 2006
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Figure 1: Impulse response functions for a shock to ENTSENT_NEG (left) and SENTNEG
(right). The order of the variables in the VAR model matches the order of the figures in each
block of six, reading left to right, then top to bottom. Dashed lines show 95 percent bootstrap
confidence intervals. The horizontal time axis is in months.
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Figure 2: Impulse response functions for a shock to SENTNEG (left) and ENTSENT_NEG
(right). The order of the variables in the VAR model matches the order of the figures in each
block of six, reading left to right, then top to bottom. Dashed lines show 95 percent bootstrap
confidence intervals. The horizontal time axis is in months.
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Aggregate VARs in the pre-crisis time period

ENTSENT first —— Shock to ENTSENT_POS from Apr 1998 to Dec 2006 ENTSENT first —— Shock to SENTPOS from Apr 1998 to Dec 2006
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Figure 3: Impulse response functions for a shock to ENTSENT_POS (left) and SENTPOS
(right). The order of the variables in the VAR model matches the order of the figures in each
block of six, reading left to right, then top to bottom. Dashed lines show 95 percent bootstrap
confidence intervals. The horizontal time axis is in months.
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Full-sample aggregate VARs — Impulse responses to negative news
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bootstrap confidence intervals. The horizontal time axis is in months.



Full-sample aggregate VAR — Impulse responses to positive news
ENTSENT before sentiment in ordering

ENTSENT first —— Shock to SENTPOS
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ENTSENT first —— Shock to ENTSENT_POS
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Figure 6: Impulse response functions for a shock to ENTSENT_POS and SENTPOS. The

order of the variables in the VAR model matches the order of the figures in each block of six,
reading left to right, then top to bottom. The top panel ordering has ENTSENT before

sentiment; the bottom panel has sentiment before ENT'SENT. Dashed lines show 95 percent

bootstrap confidence intervals. The horizontal time axis is in months.
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Figure 10: Nonparametric impulse response functions estimated from months in which volatility
is in the middle 40% of its distribution and a news measure is in the top or bottom 20% of its
distribution. Results shown are for VIX on the left and realized S&P500 volatility on the right.
The news measure is shown above each chart.
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Company-level panel VAR

Impulse responses to negative news
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Impulse responses to positive news
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Figure 11: Impulse response functions for a shock to ENTSENT (left) and sentiment (right)
in the company-level panel VAR. The order of the variables in the VAR model matches the
order of the figures in each block of six, reading left to right, then top to bottom. In the
figures ENTSENT comes before sentiment. Dashed lines show 95 percent bootstrap confidence
intervals. The horizontal time axis is in months.
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Company-level panel VAR

Impulse responses to negative news
ENTSENT _NEG shock — SENTNEG first SENTNEG shock — SENTNEG first
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Figure 12: Impulse response functions for a shock to ENTSENT_NEG (left) and SENTNEG
(right) in the company-level panel VAR. The order of the variables in the VAR model matches
the order of the figures in each block of six, reading left to right, then top to bottom. Dashed
lines show 95 percent bootstrap confidence intervals. The horizontal time axis is in months.
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Figure 13: Histogram of words per article for articles satisfying the market-specific news filter
from the paper.
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Figure 14: Articles counts and market-specific sentiment and entropy over time. The top left
chart shows the number of articles per month, on average, in the post-crisis part of the sample
(2010 and after).
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Figure 15: Time series of the components of the aggregate-level VAR employing market-specific
sentiment measures in addition to ENTSENT _NEG and ENTSENT_POS. The VIX index
is superimposed (in red) on all the series. The correlation with the VIX is shown in the upper
right hand corner.

23



Impulse response from VAR including market-specific news

Negative sentiment shocks

VAR IRF —— Shock to ES_NEG_MKT from Apr 1998 to Dec 2014 VAR IRF —— Shock to ENTSENT_NEG from Apr 1998 to Dec 2014
R T s SeeTTTTT - o | R -
R -] - « L
X g / X 2
Su | P x| / Sa4 Xo
gc J/ 5° | 3 G
£ K £ ’_//\ Eo | Eun
2 ’ So 25 82
3 23 L« 3 2
so 1 & 2 . H g
8o T = 2 \ i 29
3 \ s | V. 2o S
g - g
& \ g2 & G
\ I 35 g
0 N @« S 4 @
F1 T sl R
T T T T T T e T T T T T T T T T T T
o 2 4 6 8 10 o 2 4 6 8 10 0 2 4 6 8 10
o [~
Lo g ey | Tt |
22 Zuo | N e e =3 il
o° 5 v @ 3
g bo | g 4 bo
=} o4 d 4
a3+ z a z
us e | T o]
£ £S E£S ——— £
& So | ge g
so £ \ 5 Lo
2 g 1 2o g
&s 8o RUPEDN &s H
g 4 T - S - ? - To 4
=} T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
o
8
g w
3 0 1 03
g 92 Ly S | e e
o =3=3
S (R IR S ]
28 4 L= [ S 2'S 5
8o g oo fio I
L 0o | R 5 03 —
e | £s 2 £ \/\/—/
g° £ Pl £S £ PP
£ =M £9 Lo
£ 27 2,7 37 -
13 & g2 &
2. g 23 | g
88 2 83 2
31 =34 9 L=
! T T T T T T ! T T T T T T T T T T T T I T T T T T T
o 2 4 6 8 10 o 2 4 6 8 10 o 2 4 6 8 10 0 2 4 6 8 10
Positi ti t shock
VAR IRF —— Shock to ES_POS_MKT from Apr 1998 to Dec 2014 VAR IRF —- Shock to ENTSENT_POS from Apr 1998 to Dec 2014
o S Teel =7 =o
s ! RRE / > 5
£ / N} , Eun a3 4
S w a So o T
Euw | 3 Ec . £9 g
e ! g g o so
8 ; 2 . [ £24
2 . 2
g2 | 234 23 4 4
2 D S - sw
Lo a 2 a- o
R A o | H g
L EEEE [ v | Co
v T T
—————— m--- S
T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
g
R (O T = g
29 . 5 .
g A . H 2
S ' B (' '
03 B | o =
2 T 28 | 8o
2 = / s =
w Go | S L L T —— w &
—— - 4
£y e TN £ £
£ S | N £3 £7
8° g7 31 %
s A 5 S 5
g =R g B
g | gv e ce &
B T T T T T T Ela T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
8
q ©
g 8 € - g
o 524 2 Syo
28 H 29 =
Og i o | e o
o 24 a8 2
2z | zS 2 Zo
£3 £ 5 £
g 5 g 5
B se 3 e 4
238 2o 28 2
gs g 274 g
8 2 4l 2
&o Su &’ go d
g T
S T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

Figure 16: Impulse response functions for a shock to ES. NEG_MKT/ES_POS_MKT (left)
and ENTSENT _NEG/ENTSENT_POS (right) in the aggregate-level VAR with 2 lags. The
order of the variables in the VAR model matches the order of the figures in each block of six,
reading left to right, then top to bottom. Dashed lines show 95 percent bootstrap confidence
intervals. The horizontal time axis is in months. Standard errors are bootstrapped using 500
simulation runs.
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Aggregate VAR: Impulse response of VRP to negative sentiment shocks
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Figure 17: Impulse response functions showing the response of the VRP measure to a shock in
ENTSENT_NEG (left) or SENTNEG (right). The top row corresponds to a VAR specifica-
tion in which ENTSENT_N EG is listed before SENT N EG; the bottom row is based on the
opposite ordering.
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Aggregate VAR: Impulse response

Implied Vol(t) - Realized Vol(t+1)

Implied Vol(t) - Realized Vol(t+1)

Response to ENTSENT_POS , entsent_first = TRUE

months

Response to ENTSENT_POS , entsent_first = FALSE

months

of VRP to positive sentiment shocks

Implied Vol(t) ~ Realized Vol(t+1)

Implied Vol(t) - Realized Vol(t+1)

10

05

0.0

-05

Response to SENTPOS , entsent_first = TRUE

months

Response to SENTPOS , entsent_first = FALSE

months

Figure 18: Impulse response functions showing the response of the VRP measure to a shock in
ENTSENT_POS (left) or SENTPOS (right). The top row corresponds to a VAR specification
in which ENTSENT_POS is listed before SENT POS’; the bottom row is based on the opposite

ordering.
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Panel VAR: Impulse response of VRP to negative sentiment shocks
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Figure 19: Impulse response functions for panel VAR of individual stocks showing the response
of the VRP measure to a shock in ENTSENT_NEG (left) or SENTN EG (right). The top row
corresponds to a VAR specification in which ENTSENT _NEG is listed before SENTN EG,
the bottom row is based on the opposite ordering.
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Panel VAR: Impulse response of VRP to positive sentiment shocks
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Figure 20: Impulse response functions for panel VAR of individual stocks showing the response
of the VRP measure to a shock in ENTSENT_POS (left) or SENTPOS (right). The top row
corresponds to a VAR specification in which ENTSENT_POS is listed before SENTPOS;,
the bottom row is based on the opposite ordering.
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