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average small and insignificant, despite the high variances

the announcement causes. 

Against this backdrop, we document in this paper

the presence of large pre-announcement returns ahead of

a number of other important macroeconomic announce-

ments, including nonfarm payrolls (NFP), the Institute

for Supply Management’s manufacturing index (ISM), and

gross domestic product (GDP). From September 1994 to

May 2018, the pre-announcement returns for NFP, ISM, and

GDP are on average 10.1 bps, 9.1 bps, and 7.5 bps, re-

spectively, and all statistically significant. Using S&P 500

index futures, these pre-announcement returns are calcu-

lated from the close of the previous trading day at 4 pm

to 5 min before the respective announcements, which are

pre-scheduled at 8:30 am for NFP and GDP and 10 am

for ISM. Effectively, the pre-announcement returns docu-

mented in our paper are realized mostly overnight – a key

reason why this empirical fact has been missed by early

studies including Lucca and Moench (2015) . Benchmarked

against the average overnight return of 0.69 bps for non-

announcement days, the pre-announcement returns docu-

mented in our paper are large economically, and compa-

rable to that of the pre-FOMC drift. 1 The average post an-

nouncement returns for NFP, ISM, and GDP are on average

small and insignificant, while exhibiting large variances,

similar to the post-announcement patterns for FOMC. 

Emerging from these findings is the rather intriguing

realization that, common to the market-moving announce-

ments such as NFP, ISM, GDP, and FOMC, there exists a

unique risk-and-return pattern – large pre-announcement

returns with small variances, followed by small post-

announcement returns with large variances. Using the

return-to-variance ratio as a measure of market price of

risk, which is insensitive to time scale, we can infer that

more than one aggregate risk is driving the stock mar-

ket return in the pre- and post-announcement windows.

In particular, since the same risk carries the same risk pre-

mium, a single risk cannot generate the significantly dif-

ferent return-to-variance ratios before and after the an-

nouncement, even allowing for pre-announcement news

leakage. 2 

Motivated by these observations, we develop a par-

simonious two-risk model to capture the different risks

surrounding a macroeconomic announcement and the re-
1 The pre-FOMC return, also calculated from the previous day’s close 

to 5 min before the announcement, is on average 27.1 bps during our 

sample period. This is lower than the 49 bps reported in Lucca and 

Moench (2015) for two reasons. First, our pre-announcement window 

starts from 4 pm on the previous day, shorter than their 24-hours win- 

dow. Second, we update their sample period to include the post-2011 pe- 

riod, when the pre-FOMC drift turned weaker. As we show later, while the 

pre-announcement returns for NFP, ISM and GDP are smaller than that for 

FOMC on event basis, they are actually larger on annual basis since there 

are more of them within a year. 
2 Theoretically speaking, a single risk factor can lead to different 

return-to-variance ratios for different time periods if its resolution is non- 

linear overtime and return variance fails to properly measure risk. Such a 

nonlinearity can arise 
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the accumulation period will be accompanied by a drop

in price, and then followed by a large pre-announcement

return, a large return-to-variance ratio, and a large de-

crease in VIX. This signature pattern – a gradual built-up

of heightened uncertainty followed by its rapid resolution

prior to the announcement – is uniquely linked to the key

underlying mechanism of our model. 

Taking the model to the data, we examine the model’s

predictions on the joint behavior of return, variance,

and VIX over the three time periods, defined empiri-

cally as follows. The post-announcement period begins

5 min before the announcement and ends 55 min af-

ter the announcement, covering a one-hour window. The

pre-announcement period begins at the previous day’s

close and ends at the beginning of the post-announcement

window. The accumulation period begins six days be-

fore the announcement and ends at the beginning of the

pre-announcement window. 4 Our empirical results can be

summarized as follows. 

Pre-announcement returns: According to the model,

the pre-announcement period is when the premium for

heightened uncertainty is realized. Consistent with this

prediction, we find large pre-announcement returns for the

four major macroeconomic announcements, NFP, ISM, GDP

and FOMC. Pooling the four announcements together, the

average pre-announcement return is 5.66% annually, real-

ized over the pre-announcement windows of a mere 44

announcements per year. 5 Excluding FOMC, whose pre-

announcement return has been previously documented by

Lucca and Moench (2015) , the average pre-announcement

return remains important and significant at 3.41% per

year, realized over the pre-announcement windows, mostly

overnight, of 36 announcements per year. By comparison,

the average annual return over the same sample period is

9.10%, realized over 252 days per year. These results, mea-

sured across four different types of macroeconomic an-

nouncements, provide a compelling evidence that the pres-

ence of heightened uncertainty is common to important

macroeconomic announcements. Compared with NFP, ISM,

and GDP, the single-day impact of FOMC announcement

might be larger, but the essence of its pre-announcement

return is the same and not unique. Cumulatively, NFP, ISM

and GDP actually yield larger pre-announcement returns

than FOMC, 3.41% vs. 2.25% per year respectively, as they

have more announcements per year. 

Our examination of the pre-announcement returns

across a broad spectrum of macroeconomic indicators

also reveals a substantial heterogeneity across these in-

dicators. In the context of our model, the varying lev-

els of pre-announcement return reflect the varying mag-

nitudes of impact uncertainty. Some macroeconomic indi-

cators, such as NFP, ISM, GDP and FOMC, exhibit significant
4 One empirical challenge in defining the accumulation window is that 

we do not know exactly when uncertainty starts to build up, which may 

vary substantially across announcements. Using any fixed window across 

all announcements inevitably introduces noises in our measurement and 

weakens our results. Moreover, the pre-scheduled nature of macroeco- 

nomic releases allows investors to trade well in advance, which in turn 

mask the real market impact over a relatively long time window. 
5 There are 12 pre-scheduled announcement days per year for NFP, ISM 

and GDP, respectively, and 8 announcement days per year for FOMC. 

911 
pre-announcement returns on average, indicating strong 

heightened uncertainty brought upon by these announce- 

ments to the market, while some indicators are found 

to have insignificant pre-announcement returns, indicating 

weak impact uncertainty. Indeed, lining up macroeconomic 

indicators by their pre-announcement returns, the rank- 

ing is consistent with their relative importance, both in- 

tuitively perceived by market participants and empirically 

documented by prior literature. 

Return-to-risk ratios: We find the return-to-variance 

ratio to be markedly different between the post- and pre- 

announcement periods, a clear challenge to the single-risk 

model. The return-to-variance ratio, which is invariant to 

the scaling of time, is 35.53 and strongly significant dur- 

ing the pre-announcement period, and 10.29 and insignif- 

icant during the post-announcement period. 6 This result, 

robust with and without FOMC as part of the macroeco- 

nomic announcements as well as over different subperiods, 

also contradicts the explanation that information leakage 

with only the news risk might be behind the large pre- 

announcement return. In the context of our setting, having 

only one news risk, regardless of leakage, cannot explain 

the differing return-to-variance ratios across the two time 

periods. 

Resolution of impact uncertainty: One important im- 

plication of our model is that the pre-announcement re- 

turn arises out of the resolution of heightened uncertainty, 

which can be captured by the reduction in VIX during the 

pre-announcement period. Exploring this connection, we 

use the pre-announcement reduction in VIX to sort an- 

nouncement days into groups of high and low resolution 

of uncertainty. As predicted by the model, we find signifi- 

cantly larger pre-announcement returns for the high group 

and insignificant and negative pre-announcement returns 

for the low group. 

Given the well-known negative correlation between 

market returns and changes in variance, we further 

double-sort announcement days using pre-announcement 

reductions in VIX as well as variance, and find the re- 

sult to be driven by VIX. Specifically, using the macroe- 

conomic announcements of NFP, ISM, GDP, and FOMC, we 

find that days of high reduction in VIX are associated with 

large pre-announcement returns, averaged at 102.71 bps 

and 79.54 bps, respectively, for groups of high and low 

reduction in variance. By contrast, days of low reduction 

in VIX yield pre-announcement returns of −7.72 bps and 

1.14 bps, respectively, for groups of high and low reduc- 

tion in variance. Given that VIX and variance contain dif- 

ferent information in our model, with VIX uniquely linked 

to the magnitude of impact uncertainty, this result further 

strengthens the connection between the presence of im- 

pact uncertainty and the pre-announcement return. 

Another implication of our model is that when impact 

uncertainty and news risk are resolved differently over 

time, the resulting return distributions will be different. 

In particular, when heightened uncertainty is mostly re- 

solved during the pre-announcement period as captured by 
6 With an average daily return of 4 bps and daily variance of 1 bp ob- 

served for the aggregate market, the return-to-variance ratio is bench- 

marked at 4 for an average day in the US stock market. 
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of    
a large VIX drop, the resulting post-announcement return

will be mostly driven by news risk, assumed to be nor-

mal. Indeed, we find that for days of high reduction in VIX

(i.e., the high group), the post-announcement returns have

an excess kurtosis of 0.92 and statistically insignificant. By

contrast, for the low group, the post-announcement re-

turns exhibit a statistically significant excess kurtosis of

4.09. In addition, using neighboring non-announcement

days to form a control group that matches the high group

in its average reduction in VIX (hence the magnitude of

uncertainty resolution), we find that the control group

still exhibits a significant excess kurtosis of 3.01. These

results add further support to the notion that different

risks are resolved differently during the pre- and post-

announcement periods. Compared with the low group and
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expectedly or in anticipation of an impending macroeco-

nomic announcement. 

More broadly, our paper is also related to the as-

set pricing literature concerning stochastic state variables

such as volatility or tail risk as additional risk factors

(see, for example, Merton (1973) , Merton (1976) and fol-

low up empirical studies including Pan (2002) ). For exam-

ple, Bansal and Yaron (2004) and Campbell et al. (2018) ,

among others, explore how long-run stochastic volatility

in macro-economy/market return can help to explain the

overall behavior of asset prices, with
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variance by increasing λ and decreasing λ0 by the same

amount. Thus, increasing λ corresponds to increasing the

variance of σ 2 or uncertainty. 

Investors 

There is a unit mass of identical, infinitesimal, and com-

petitive investors, who are endowed with zero unit of the

bond and one share of the stock. In addition, we assume

that all investors have CARA utility over their terminal

wealth: 

− exp {−αW 2 } , (3)

where α > 0 is the risk aversion coefficient and W 2 is the

wealth at t = 2 . 

For the model to be well-defined, the following param-

eter condition is needed: 

λ < 

2 

α2 
. (4)

Since the mean of σ 2 will be held constant, condition

(4) imposes upper bounds on its variance, i.e., uncertainty.

From now on, we assume (4) always holds without repeat-

ing it. 

Time line 

The time line for the economy is summarized as fol-

lows: 

t = 0 : Investors know about the underlying parameters

of the economy, D̄ , λ0 , λ and δ, but observes none of

σ 2 , ε 1 , and ε 2 . Based on their probability distribu-

tions, investors trade the stock (against the bond) by

submitting competitive demand functions, and the

market clears at the equilibrium price P 0 . 

t = 1 : Investors observe σ 2 and ε 1 , but not ε 2 . We re-

fer to the revelation of σ 2 as the resolution of un-

certainty. In addition, in terms of the news itself, a

fraction δ of its content also .000.8841a c t i o n 
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The stock price has a simple interpretation. The first two

terms, D̄ + σε 1 , is the stock’s expected payoff, given σ and

ε 1 , which are known at t = 1 . The second term, −α(1 −
δ) σ 2 , gives the risk discount on the price. It is proportional

to α, the risk aversion, and, more importantly, the remain-

ing risk about the news, ε 2 , which is (1 − δ) σ 2 . 

Solution for date 0 Substituting the equilibrium strategy

at t = 1 into J 1 , we get: 

J 1 = − exp 

{
− α

[
W 0 + θ0 ( ̄D + σε 1 − α(1 − δ) σ 2 − P 0 ) 

+ 

1 

2 

α(1 − δ) σ 2 

]}
, (9)

where we have also used W 1 = W 0 + θ0 (P 1 − P 0 ) . 

Recall that at t = 0 , investors have an exponential dis-

tribution for σ 2 with λ0 and λ and a normal distribution

for ε 1 with mean 0 and variance δ. To calculate E[ J 1 ] , we

take iterated expectations, first by conditioning on σ : 

E[ J 1 | σ ] = − exp 

{
− α

[
W 0 + θ0 ( ̄D − P 0 ) 

]

+ α2 
[ 

1 

2 

(1 − δ) − (1 − δ) θ0 − 1 

2 

δθ2 
0 

] 
σ 2 

}
(10a)

≡ − exp 

{
−α

[
W 0 + θ0 ( ̄D − P 0 ) 

]
+ α2 Q(θ0 , δ) σ 2 

}
, (10b)

where 

Q(θ0 , δ) ≡ 1 

2 

(1 − δ) − (1 − δ) θ0 − 1 

2 

δθ2 
0 , (11)

is a quadratic function of θ0 as the coefficient in front of

σ 2 in the exponent. Taking expectations over σ 2 gives: 

E[ J 1 ] = E[E[ J 1 | σ ]] 

= −e −α[ W 0 + θ0 ( ̄D −P 0 )] 

∫ ∞ 

λ0 

e −α2 Q(θ0 ,δ) x 1 

λ
e −

x −λ0 
λ dx 

= −e −α[ W 0 + θ0 ( ̄D −P 0 )] −α2 Q(θ0 ,δ) λ0 
1 

1 + α2 λQ(θ0 , δ) 
, (12)

subject to the condition that 

1 + α2 Q(θ0 , δ) 

= 1 + α2 λ
[ 

1 

2 

(1 − δ) − (1 − δ) θ0 − 1 

2 

δθ2 
0 

] 
> 0 . (13)

In equilibrium, θ0 = 1 , so this condition becomes α  

this  ′st
6′4978 ∞ 9 ′.∈∞ ∞ 9
/F∈′ 7.
 8∈∈5 3.6∞6985∈.∈∞ 6 6[(.∞69m
 .|
√.∞69m
sen/)T4/FT|
/.′965 ′∞ ′ ′
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Thus, from (17b) , the change in the price of variance

swap provides a measure of V[ σ 2 ] = λ2 . Since the price

of the variance swap can be viewed as equivalent to VIX

squared, this proposition then predicts that VIX increases

when uncertainty rises ahead of an announcement, and it

decreases when the uncertainty is resolved. In what fol-

lows, we will use changes in VIX to gauge changes in un-

certainty. 

2.4. Return and variance 

We now examine the returns on the stock over the two

periods, from 0 to 1 and 1 to 2. Define the stock returns as

follows: 

R t = P t − P t−1 , t = 1 , 2 . (18)

From the stock prices given in Proposition 1 , we have the

following results for the mean and variance of returns on

the stock over the two periods: 

E [ R 1 ] = αδ(λ0 + λ) + 

1 
2 
α3 λ2 

1 − 1 
2 
α2 λ

> 0 , (19a)

V [ R 1 ] = δ(λ0 + λ) + α2 (1 − δ) 2 λ2 . (19b)

and 

E [ R 2 ] = α(1 − δ)(λ0 + λ) > 0 , (20a)

V [ R 2 ] = (1 − δ)(λ0 + λ) + α2 (1 − δ) 2 λ2 . (20b)

First, we observe that the expected return over both pe-

riods are positive, compensating the risks over each period.

But, they are compensating for different risks. For the sec-

ond period, the expected return, E[ R 1 ] in (20), is propor-

tional to (1 − δ)(λ0 + λ) , which is the risk associated with

the remaining part of the news revealed at the announce-

ment (i.e., ε 2 ). It has nothing to do with the uncertainty

about σ 2 , which is measured by λ2 . For 
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• The first period is the “accumulation period”, which

corresponds to the time prior to date 0. Although this

period is not explicitly specified in the model, it is clear

that, if λ itself is a random variable, it would be real-

ized during the time up to date 0. A large realization of

λ by date 0 is what we refer to as heightened uncer-

tainty. 

• The second period is the “pre-announcement period”,

which is from date 0 to 1 in the model. During this pe-

riod, the uncertainty about the news’ impact σ is re-

solved. In addition, there can be partial leakage of the

news itself, as measured by δ. 

• The third period is the “post-announcement period”,

which is from date 1 toi

9
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We also include the FOMC announcement, which oc-

curs eight times a year. The timing of the FOMC announce-

ments are based on the time-stamp of Bloomberg and

Dow Jones news wires. We follow the same method of

Lucca and Moench (2015) and Fleming 
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Table 1 

Summary Statistics on Pre-Announcement and Post-Announcement Returns. 

Pre-Announcement Post-Announcement 

(4 pm to ann - 5min) (ann - 5min to ann + 55min) 

Mean TStat Std Skew Kurt Min Max Mean TStat Std Skew Kurt Min Max Obs 

FOMC 27.14 5.95 62.9 1.3 5.2 −164 336 6.19 1.28 66.9 0.2 2.1 −207 278 190 

NFP 10.10 3.63 43.4 −0.2 3.0 −165 177 2.48 0.69 56.2 −0.2 1.5 −204 212 243 

ISM 9.14 2.10 72.5 −1.1 7.0 −461 213 2.04 0.66 51.1 0.2 1.6 −150 205 276 

GDP 7.46 2.08 54.7 0.9 10.4 −233 356 1.08 0.45 36.4 −0.7 7.8 −207 138 233 

IP 5.23 1.19 68.0 −0.7 4.8 −339 291 −6.24 −2.33 41.4 −1.3 4.6 −195 115 240 

PI 3.50 0.94 58.3 −1.0 3.8 −248 191 1.13 0.87 20.3 0.0 1.9 −80 75 244 

HST 2.46 0.69 53.9 −0.2 4.2 −177 279 1.02 0.59 26.0 −0.1 3.0 −100 91 230 

INC 1.56 0.95 53.8 −0.1 5.4 −259 356 −0.29 −0.34 27.7 −0.2 7.8 −207 169 1073 

PPI −0.58 −0.17 52.3 −2.4 14.3 −392 129 −3.47 −1.60 33.6 −0.6 3.3 −137 113 241 

CPI −2.14 −0.69 47.1 −0.8 2.8 −208 130 2.08 0.91 34.9 −0.7 6.3 −188 155 232 

CSI −4.03 −0.88 68.7 0.9 8.1 −232 439 −4.10 −1.55 39.7 −0.7 3.8 −211 128 226 

Close to Open Open to Close 

(4 pm to 9:30 am) (9:30 am to 4 pm) 

Mean TStat Std Skew Kurt Min Max Mean TStat Std Skew Kurt Min Max Obs 

Non-Ann 0.69 0.78 62.1 −0.7 13.5 −668 547 0.09 0.07 97.7 0.0 10.3 −781 920 4976 

All Days 1.99 2.45 62.60 −0.6 11.8 −668 547 1.20 0.94 98.6 0.0 8.8 −781 920 5965 

This table reports summary statistics on the pre-announcement and post-announcement returns (in basis points) on macroeconomic index announcement 

days and other days. The macroeconomic announcements include: Federal Open Market Committee statement (FOMC), total nonfarm payroll employment 

(NFP), the Institute for Supply Management’s manufacturing index (ISM), Gross Domestic Production (GDP), industrial production (IP), personal income 

(PI), housing starts (HST), initial claims for unemployment insurance (INC), producer price index (PPI), consumer price index (CPI), and the preliminary 

release of the Consumer Sentiment Index (CSI). Macroeconomic announcement days that coincide with FOMC days are excluded for all non-FOMC macroe- 

conomic announcements. The pre-announcement window is from 4 pm on the pre-announcement day to five minutes before the release time and the 

post-announcement window is from five minutes before to fifty five minutes after the release time on the announcement day. The average returns that are 

significant at the 5% level are in bold. “Non-Ann” refers to all trading days that are not FOMC, NFP, ISM, or GDP announcements days; “All Days” refers to 

all trading days. For Non-Ann and All Days, the close to open window is from 4pm on the previous trading day to 9:30am, and the open to close window 

is from 9:30am to 4pm. The sample period is from September 1994 to May 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16 Our calculation of the pre-announcement returns for FOMC is lower 

than those reported in Lucca and Moench (2015) for two reasons. First, 

our pre-announcement window starts from 4 pm on the previous day, 

shorter than the 24-hours window used by Lucca and Moench (2015) , ex- 

cluding the small price run-up from 2 pm to 4 pm on the day prior to 

the announcement. Second, we updated the sample period of Lucca and 

Moench (2015) to include the post-2011 pre-FOMC returns, which are on 

average smaller because of the unusual monetary policy post 2008. 
that are known to be important and highly ranked by

Bloomberg’s relevance score. Specifically, the average pre-

announcement return is 10.10 basis points for NFP with

a t-stat of 3.63; 9.14 basis points for ISM with a t-stat

of 2.10; 7.46 basis points for GDP with a t-stat of 2.08.

These results are not driven by outliers. After removing the

1% top and bottom returns, the average pre-announcement

drift remains important and significant: 9.80 basis points

for NPF, 10.31 basis points for ISM, and 6.09 basis points

for GDP. 

Benchmarked against the average market return of 3.61

basis points per day for the same sample period, the eco-

nomic magnitudes of these pre-announcement returns of

7 to 10  basis points are rather significant. Further ex-

cluding announcement days, the benchmark return shrinks

to less than one basis points per non-announcement day,

making the contrast even more stark. Moreover, these

pre-announcement returns are not full-day returns – the

pre-announcement returns for NFP and GDP are real-

ized overnight, from the previous day’s close at 4pm

to 8:25 am, while those for ISM are from the previous

day’s close to 9:55 am. The comparable benchmark re-

turn should therefore be measured from close to open,

which, as shown in Table 1 , is 1.99 basis points when aver-

aged across all trading days and 0.69 basis points averaged

across non-announcement days. 

One important observation emerging from the results

in Table 1 is that there is a substantial heterogeneity

across macroeconomic announcements. In the context of

our model, the varying levels of pre-announcement return
920 
is a reflection of the varying magnitudes of impact uncer- 

tainty. Indeed, the variation in impact uncertainty and its 

asset-pricing implications can be examined not only across 

different macroeconomic indicators, as listed in Table 1 , 

but also across different announcement days for the same 

macroeconomic indicator, which will be examined later in 

the section. 

Focusing on the cross-indicator variation in Table  1 , 

we see that, not surprisingly, the pre-announcement re- 

turns associated with FOMC, with an average value of 27.14 

basis points per event, are found to be the largest, in- 

dicating strong heightened uncertainty brought upon by 

the impending FOMC announcements, consistent with the 

abundant anecdotes of investors anxiously awaiting the 

FOMC outcome. 16 On the other hand, some of the macroe- 

conomic indicators are found to have insignificant pre- 

announcement returns, indicating their low impact uncer- 

tainty. Indeed, lining up the macroeconomic announce- 

ments by their pre-announcement returns, the ranking is 

consistent with the relative importance of the announce- 

ments, both intuitively perceived by market participants 
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Table 2 

Pre-Announcement Returns. 

Macro Announcements All Days 

All 4 Ex FOMC FOMC (close-to-close) 

Panel A: Pre-announcement return per event (in basis points) 

1994–2000 16.00 9.60 35.81 6.95 

[4.22] [2.17] [5.55] [2.62] 

2001–2011 14.87 10.88 35.55 0.78 

[4.58] [3.16] [4.27] [0.30] 

2012–2018 7.02 6.98 3.96 5.14 

[2.54] [2.27] [0.74] [2.62] 

1994–2018 12.86 9.48 27.14 3.61 

[6.49] [4.40] [5.95] [2.39] 

Panel B: Pre-announcement return per year (in percent) 

1994–2000 7.04 3.46 2.86 17.51 

2001–2011 6.54 3.92 2.84 1.97 

2012–2018 3.09 2.51 0.32 12.95 

1994–2018 5.66 3.41 2.17 9.10 

# events/yr 44 36 8 252 

This table reports the average and the annualized pre-announcement 

returns on important macroeconomic releases, for the full sample as 

well as the three subperiods. “All 4” includes NFP, ISM, GDP and FOMC, 

and “Ex FOMC” excludes FOMC from the four. In Panel A, the average 

pre-announcement returns across events and the associated t-statistics 

(in square brackets) are reported. The average returns that are sig- 

nificant at the 5% level are in bold. In Panel B, the annualized pre- 

announcement returns are calculated by multiplying the average pre- 

announcement returns with the number of macroeconomic releases per 

year. “All Days” refers to all trading days in the sample period; and the 

daily close-to-close returns on S&P 500 index are used to calculate the 

respective average and annualized returns. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

19 Institutional trading right before market close might affect our mea- 

surement of the pre-announcement returns. To check this, we shift the 

starting time of the pre-announcement window from the original 4:00 

pm to 3:30 pm and re-calculate the pre-announcement returns for the 

four macroeconomic announcement days. Our result remains robust and 

is reported in Section A of the Online Appendix. 
mance of the non-FOMC macroeconomic announcements

remains stable and significant across all three subperi-

ods. In particular, during the last subperiod of 2012–

2018, the pre-announcement return is on average 6.98

basis point and statistically significant for the non-FOMC

macroeconomic announcements, compared with the sta-

tistically insignificant 3.96 basis points for the FOMC

announcements. 

Another way to gauge and compare the magnitudes

of the pre-announcement return is by measuring the re-

turns annually – adding the pre-announcement returns

across all events within a year. As shown in Panel B of

Table 2 , the pre-announcement returns, realized over 44

macroeconomic announcements per day, add up to 5.66%

per year, a significant fraction of the total stock return of

9.10%. Separating the four macroeconomic announcements

into FOMC and non-FOMC (i.e., NFP, IMS and GDP), the

pre-announcement returns add up to an annual number

of 3.41% for non-FOMC, and 2.17% for FOMC. From this

yearly perspective, we see that, while FOMC is in general

more intense than other macroeconomic announcements,

its cumulative impact is in fact smaller when compared

to the other three macroeconomic announcements com-

bined. Their relative importance also varies across different

subperiods along with the changing macroeconomic condi-

tions. For example, post 2011, the relative contribution of

FOMC diminishes to 0.32% per year while the contribution

of the other three macro indicators remains stable at 2.51%

per year. Also interesting is the fact that, while the market

return performs poorly at 1.97% per year during the subpe-
922 
riod of 20 0 0–2011, the pre-announcement returns remain 

large at 6.54% per year. 19 

The same message is conveyed, at a higher frequency, 

by Fig. 2 , which plots the yearly pre-announcement re- 

turns for the four macroeconomic announcements com- 

bined (red squares), FOMC only (green crosses), and the 

three non-FOMC combined (blue circles). As a comparison, 

the annual market returns are also plotted in the back- 

ground (gray diamonds). One striking feature of this plot 

is that, while the overall market experiences some rather 

negative returns throughout the sample period, rarely do 

the yearly pre-announcement returns dip significantly be- 

low zero. Another interesting feature is that pre-2010, 

there is quite a bit of similarity between FOMC and non- 

FOMC in terms of their time-series variation. Post-2010, 

however, the yearly pre-announcement returns of FOMC 

flatten out while those for non-FOMC remain relatively ro- 

bust. This, of course, is likely related to the unconventional 

monetary policy after the 2008-09 financial crisis. 

4.2. Return-to-variance ratios 

As outlined by Prediction 2 of our model, in presence 

of only one risk (i.e., the news risk), the return-to-variance 

ratio during the pre-announcement period should be iden- 

tical to that of the post-announcement period, regardless 

of information leakage. As a direct test of the one-risk hy- 

pothesis, we compare the return-to-variance ratios, which 

are invariant over time scale, for the two periods im- 

mediately before and after the announcement. Again, the 

pre-announcement window is from 4 pm of the previous 

day to five minutes before the announcement, while the 

post-announcement window is from the end of the pre- 

announcement window to 55 min after the announcement 

time. 

As reported in Table 3 , the return-to-variance ratio is 

substantially higher pre- than post-announcement. With 

the four macroeconomic announcements combined, the 

pre-announcement returns have an average of 12.86 basis 

points and variance of 0.36 basis points, yielding a return- 

to-variance ratio of 35.53 with a highly significant t-stat 

of 5.27. The post-announcement returns, by comparison, 

are substantially smaller in magnitudes (2.89 basis points 

in one hour) and higher in variance (0.28 basis points 

for one-hour return), yielding a return-to-variance ratio of 

10.29 and is statistically insignificantly from zero. The dif- 

ference of the return-to-variance ratios is 25.23 and sta- 

tistically significant at the 1% level, rejecting the hypothe- 

sis that the pre- and post-announcement returns have the 

same return-to-variance ratio. The patterns are similar for 

FOMC as well as for the three non-FOMC macroeconomic 

indicators. Table 3 further examines and documents the ro- 

bustness of this result over the three subperiods of 1994–

20 0 0, 20 01–2011, and 2012–2018. 
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Table 3 

Pre- and Post-Announcement Return-to-Variance Ratios. 

Pre-Ann. Post-Ann. Pre - Post 

(4 pm to ann - 5min) (ann - 5min to ann + 55min) 

Ret Var Ret/Var Ret Var Ret/Var Ret/Var 

(bps) (bps) (bps) (bps) 

All 4 Macro 12.86 0.36 35.53 2.89 0.28 10.29 25.23 

[6.49] [5.27] [1.66] [1.65] [2.75] 

Ex FOMC 9.15 0.35 26.38 2.03 0.24 8.56 17.82 

[4.20] [3.49] [1.13] [1.12] [1.66] 

FOMC Only 27.14 0.40 68.58 6.19 0.45 13.82 54.75 

[5.95] [5.41] [1.28] [1.28] [3.28] 

Subperiods for All 4 Macro 

1994–2000 16.00 0.28 56.73 4.48 0.38 11.84 44.89 

[4.22] [3.71] [1.02] [1.00] [2.33] 

2001–2010 15.22 0.47 32.27 1.83 0.32 5.70 26.57 

[4.54] [3.52] [0.66] [0.66] [3.43] 

2011–2018 7.63 0.26 29.22 3.32 0.16 6.52 20.21 

[2.62] [2.46] [1.44] [1.40] [1.61] 

“All 4 Macro” includes NFP, ISM, GDP and FOMC. “Ex 
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Table 4 

Measuring Resolution of Impact Uncertainty using Pre-Announcement Changes in VIX. 

All 4 Macro Ex FOMC FOMC Only 

High Low H - L High Low H - L High Low H - L 

Panel A: Returns and �VIX, Sorted by Pre-Announcement �VIX 

Pre-Announcement Period 

Ret 85.97 0.17 85.80 81.22 −8.70 89.92 100.39 9.23 91.16 

[12.05] [0.05] [11.69] [10.35] [ −1.73] [8.26] [8.50] [2.48] [9.60] 

�VIX (sorting var) −1.32 0.31 −1.63 −1.07 0.46 −1.53 −1.57 0.11 −1.68 

[ −16.98] [6.27] [ −15.53] [ −9.77] [5.86] [ −9.14] [ −14.05] [1.96] [ −13.41] 

Post-Announcement Period 

Ret 0.34 5.80 −5.46 11.15 1.35 9.80 −5.87 9.19 −15.06 

[0.05] [1.89] [ −0.80] [1.72] [0.43] [1.38] [ −0.56] [1.67] [ −1.22] 

�VIX −0.20 −0.22 0.02 −0.11 −0.07 −0.04 −0.32 −0.39 0.07 

[ −2.20] [ −5.76] [0.22] [ −1.00] [ −1.53] [ −0.37] [ −1.89] [ −6.43] [0.49] 

All 4 Macro Ex FOMC FOMC Only 

High Low H - L High Low H - L High Low H - L 

( �VIX) ( �VIX) ( �VIX) ( �VIX) ( �VIX) ( �VIX) ( �VIX) ( �VIX) ( �VIX) 

Panel B: Pre-Announcement Returns, Double-Sorted by Pre-Announcement �VIX and �Vol 

High ( �Vol) 102.71 −7.72 110.43 72.33 −19.53 91.86 126.71 28.14 98.57 

[7.17] [ −0.58] [5.53] [6.18] [ −1.14] [2.96] [4.35] [2.38] [3.64] 

Low ( �Vol) 79.54 1.14 78.40 84.18 −6.18 90.36 89.45 6.75 82.70 

[10.14] [0.35] [9.21] [8.64] [ −1.30] [8.18] [7.48] [1.49] [7.14] 

H-L ( �Vol) 23.16 −8.86 −11.86 −13.35 37.26 21.39 

[1.53] [ −0.92] [ −0.65] [ −1.04] [1.38] [1.82] 

Announcement days are sorted by pre-announcement �VIX into “High” and “Low” in Panel A, and, in Panel B, by pre-announcement 

�VIX and �Vol, where Vol is the realized volatility estimated using minute-by-minute returns. The double-sort is performed in- 

dependently, with “High” containing announcement days ranked top 20% in VIX reduction and “Low” containing the rest; “High 

( �Vol)” containing announcement days ranked top 20% in Vol reduction and “Low ( �Vol)” containing to the rest. “All 4 Macro”

includes NFP, ISM, GDP and FOMC, and “Ex FOMC” excludes FOMC from the four. Numbers that are significant at the 5% level are in 

bold. The sample period is from September 1994 to May 2018. 

 

 

and return for both the pre-announcement and post-

announcement periods. As predicted by the model, the

high uncertainty announcements (larger λ), 
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Fig. 3. Average Cumulative Returns and VIX Changes around High and Low Uncertainty Macroeconomic Announcement Days Macroeconomic (NFP, ISM, 

GDP, and FOMC) announcement days are sorted by pre-announcement �VIX into high and low uncertainty groups, with “High” containing announcement 

days ranked top 20% in VIX reduction and “Low” containing the rest. Day 0 is the announcement day. Regular hours from 9:30 am to 4 pm are plotted. 

The shaded area denotes the 95% confidence interval. The sample period is from September 1994 to May 2018. 

 

 

 

 

 

 

 

 

 

is therefore different between high- and low-uncertainty

groups. 

The pattern of the post-announcement returns are

much weaker. Panel A of Table 4 shows that post-

announcement returns are generally statistically insignif-

icant for the high uncertainty groups, and their mag-

nitudes are substantially lower than the observed pre-

announcement returns. For the three macroeconomic an-

nouncements not including FOMC (Macro ex FOMC), the

post-announcement return is 11.15 basis points in the

high-uncertainty group, 
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Fig. 4. Distribution of Post-Announcement Returns Conditioning on Resolution of Uncertainty Macroeconomic (NFP, ISM, GDP, and FOMC) announcement 

days are sorted by pre-announcement �VIX into high and low uncertainty groups, with “High” containing announcement days ranked top 20% in VIX 

reduction and “Low” containing the rest. The histograms (in bar charts), the fitted kernel distributions (in solid lines), and the fitted normal distributions 

(in dashed lines) of the post-announcement returns are plotted separately for the high and low uncertainty groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

resolution, we can test this prediction of our model di-

rectly. 

Following the same approach as in Section 4.3 , we use

the reduction in VIX during the pre-announcement pe-

riod as a measure of uncertainty resolution and sort the

announcements of all four macroeconomic indicators into

high and low groups of uncertainty resolution. As reported

in Table 4 , the high group contains announcements with

the 20% largest reduction in VIX, and their average reduc-

tion in VIX during the pre-announcement window is 1.32%,

indicating a rather strong resolution of impact uncertainty.

By contrast, the low group, containing the remaining an-

nouncements, actually experiences an average increase of

0.31% in VIX during the pre-announcement window. The

timing of uncertainty resolution, as captured by the dy-

namics of VIX immediately before the announcements, is

therefore substantially different for these two groups. For

the purpose of testing how the resolution of uncertainty

affects post-announcement return distribution, the case of

the high group, along with the precise timing of the sched-

uled announcements, provides the most ideal setting. 21 

Conditioning on this information, Fig. 4 plots the empir-

ical distributions for the high and low groups separately.

The empirical distribution of the post-announcement re-

turns are marked in shaded areas, along with the fit-

ted kernel distributions in solid lines and the fitted nor-

mal distributions in dashed lines. Indeed, consistent with

Prediction 4 , the empirical distribution for the high group

is close to normal, with the empirical kernel distribution

closely matching the normal distribution. By contrast, the

empirical distribution for the low group deviates from the

normal curve, with visible fatter tails. 

Table 5 further tests this prediction formally by report-

ing the first four moments of the post-announcement re-
21 Testing return distributions and higher moments requires higher 

numbers of observations. For this reason, we perform the tests using the 

version of high and low groups with all four macroeconomic indicators. 

926 
turns. Conditioning on large reductions in VIX during the 

pre-announcement period, the excess kurtosis for the high 

group is 0.92 and statistically insignificant. By contrast, the 

excess kurtosis for the low group is 4.09 with a t-stat of 

3.64. Further testing the difference in excess kurtosis be- 

tween the high and low group, Table 5 yields a difference 

of −3 . 17 with a t-stat of −2 . 53 . This result indicates that 

the information contained in the resolution of uncertainty 

is indeed useful in separating the announcements, and the 

post-announcement returns are closer to conditionally nor- 

mal for the group with stronger resolution of uncertainty 

immediately before the announcement. 

As a comparison, we also report the unconditional dis- 

tribution using all announcements. Consistent with our 

model’s prediction, the unconditional excess kurtosis, 2.88 

with a t-stat of 4.64, is significantly larger than the con- 

ditional excess kurtosis of 0.92 ( t-stat = 1.66) for the high 

group. In other words, conditioning information is use- 

ful here. Interestingly, the unconditional excess kurtosis 

is smaller than the 4.09 for the low group, which ex- 

periences an increase in VIX immediately before the an- 

nouncement. As previously discussed, the high and low 

groups differ in their timing of uncertainty resolution. Im- 

mediately before the announcement, the resolution of un- 

certainty has been mostly completed for the high group, 

while, for the low group, it has just began. The fact that 

the post-announcement average return for the low group is 

a statistically significant, 5.94 basis points per hour, could 

also be an indication of this process. By contrast, the post- 

announcement average return for the high group is 0.34 

basis points with a t-stat of 0.04. 

As a further robustness test, we use non-announcement 

days to form a control group that matches the high 

group. For each announcement day in the high group, 

we select, from the one-year window centered around 

this announcement day, one non-announcement day that 

closest matches the announcement day in the “pre- 

announcement” change in VIX. Although these normal days 

do not have news releases, we use the release time of 
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Table 5 

Moments of Post-Announcement Returns on 
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Table 6 

Measuring Heightened Uncertainty Using Accumulation-Period �VIX. 

All 4 Macro Ex FOMC FOMC Only 

High Low H-L High Low H-L High Low H-L 

Accumulation Period 

Ret −254.73 83.69 −338.42 −247.05 80.19 −327.24 −283.59 95.32 −378.91 

[ −15.41] [12.13] [ −21.07] [ −13.29] [10.56] [ −18.38] [ −7.31] [5.82] [ −9.95] 

�VIX (sorting var) 4.29 −0.80 5.09 4.10 −0.85 4.95 5.15 −0.56 5.71 

[20.21] [ −10.54] [27.54] [18.67] [ −9.86] [24.19] [8.51] [ −3.61] [13.27] 

Pre-Announcement Period 

Ret 21.89 10.47 11.42 16.95 7.09 9.86 43.65 23.01 20.64 

[4.05] [5.11] [2.35] [2.89] [3.12] [1.84] [3.33] [4.96] [1.82] 

�VIX −0.32 0.05 −0.38 −0.12 0.23 −0.34 −0.60 −0.12 −0.48 

[ −2.10] [1.00] [ −2.86] [ −0.62] [2.63] [ −1.74] [ −2.53] [ −2.04] [ −2.82] 

Post-Announcement Period 

Ret −1.12 3.95 −5.07 −0.33 2.66 −2.99 −3.09 8.51 −11.60 

[ −0.25] [2.11] [ −1.18] [ −0.07] [1.39] [ −0.67] [ −0.26] [1.60] [ −0.96] 

�VIX −0.13 −0.24 0.11 0.09 −0.12 0.21 −0.39 −0.37 −0.02 

[ −1.35] [ −6.55] [1.26] [0.65] [ −3.19] [2.06] [ −2.68] [ −5.82] [ −0.13] 

“High” refers to a subgroup of announcement days with the highest 20% increase of VIX ( �VIX) during the accumulation period, 

“Low”refers to the rest of announcement days. “All 4 Macro” includes NFP, ISM, GDP, and FOMC, and “Ex FOMC” excludes FOMC from 

the four. The sample period is from September 1994 to May 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nomic indicators, with the most comprehensive analysis

including all four of the macroeconomic indicators (NFP,

ISM, GDP and FOMC). 22 

Focusing first on the accumulation period, we see that,

by construction, there is a large VIX build-up for the high

uncertainty group during the accumulation period. Using

all four macroeconomic indicators, the average �VIX is

4.29 percentage points for the high group, and associated

with the VIX spikes are large negative returns of −255 ba-

sis points over the six-day accumulation period. For the

low-uncertainty group of events, VIX declines by 0.80 per-

centage points and the associated market return is 84 bps.

So far, we’ve constructed two groups of announcement

days exhibiting distinctively different patterns in �VIX and

return during the accumulation period. In particular, the

announcement days in the high group are unique in their

substantial build-up in VIX, accompanied by large negative

return. 

Following these two groups into the pre-announcement

period, we find rather interesting empirical results that are

consistent with Prediction 5 of our model. As shown in

Table 6 , the average pre-announcement return is 21.89 ba-

sis points for the high group, statistically significant and

twice as large the 10.47 basis points for the low group.

Consistent with Prediction 5 of our model, the high group,

which contains announcement days of heightened uncer-

tainty, yields higher pre-announcement returns. Also con-

sistent with the prediction, we find significant decline of

the pre-announcement of VIX, reflecting the resolution of

impact uncertainty, only for the high group. As shown in

Table 6 , the average pre-announcement change in VIX is

−0 . 32 percentage points and statistically significant for the

high group, and 0.05 percentage points and statistically in-
22 Under this specification, the high uncertainty group contains a bal- 

anced set of announcement days from the four indicators, with 80 an- 

nouncement days for NFP, 93 for ISM, 77 for GDP, and 51 for FOMC. In 

other words, our results are not dominated by any subset of the indica- 

tors and sorting within each indicator yields robust results. 

928 
significant for the low group. Table 6 further tests the dif- 

ferences in pre-announcement returns as well �VIX be- 

tween the high and low groups, and find the differences 

to be statistically significant. 

For the post-announcement period, returns are in 

general statistically insignificant. The average post- 

announcement return is −1 . 12 basis points for the 

high-uncertainty group of events, and 3.95 basis points 

for the low-uncertainty group of events. The differ- 

ences in returns, however, is not statistically signifi- 

cant. VIX continues to decline after announcements. 

There are no significant differences in the decline of 

VIX between the high- and low- uncertainty group of 

events. 

In addition to the comprehensive test using all four 

macroeconomic indicators, Table 6 also reports the tests 

using the three macroeconomic indicators (NFP, ISM, and 

GDP) as well as using the FOMC only. Overall, the 

empirical results paint a rather consistent story, con- 

firming Prediction 5 of the model. Since heightened 

uncertainty is measured during the accumulation pe- 

riod which takes place before the pre-announcement 

period, this result lends independent support to the 

two-risk explanations for the pre-announcement return 

premium. 

To further strengthen this result, which is predictive 

in nature, we regress pre-announcement returns on �VIX 

measured in the accumulation period, and report the re- 

sults in Table 7 . Consistent with Prediction 5 of the model, 

across all three specifications, accumulation-period �VIX 

can positively predict the pre-announcement return. For 

example, for specification using all four macroeconomic in- 

dicators, a one percentage point increase of VIX in the ac- 

cumulation period leads to a 3.40 basis points increase in 

pre-announcement return. The adjusted R-squared of the 

regression is 3.13%, which is rather large for predictive re- 

gressions of daily stock returns and a large fraction of the 

pre-announcement returns in this predictive regression are 

in fact realized overnight. 
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Table 7 

Predicting Pre-Annoucement Returns by Accumulation-Period �VIX. 

All 4 Macro Ex FOMC FOMC Only 

Ret �VIX Ret �VIX Ret �VIX 

Constant 12.86 ∗∗∗ −0.03 9.15 ∗∗∗ 0.14 ∗ 27.14 ∗∗∗ −0 . 22 ∗∗∗

[6.59] [ −0.67] [4.28] [1.91] [5.98] [ −3.25] 

�VIX [ −6, −1] 3.40 ∗∗∗ −0 . 10 ∗∗∗ 3.51 ∗∗ −0 . 12 ∗∗ 2.48 ∗ −0.06 

[2.79] [ −2.79] [2.34] [ −2.48] [1.71] [ −1.51] 

Adj R-Sqr (%) 3.13 7.82 3.38 10.57 1.16 4.17 

Obs 922 392 732 204 190 188 

Returns and changes in VIX during the pre-announcement period are regressed on lagged 

changes in VIX during the accumulation period. The regressands are demeaned so that the 

intercept reflects the average event day returns and �VIX. Returns are in basis points and 

�VIX are in percent. “All 4 Macro” includes NFP, ISM, GDP, and FOMC, and “Ex FOMC”

excludes FOMC from the four. The sample period is from September 1994 to May 2018. 

Fig. 5. VIX, Volatility of Volatility (VoV), and Realized Volatility (Vol) To calculate VoV, we first estimate the realized volatility for each 5-minute interval 

as the square root of the sum of squared returns, based on the trade-by-trade returns on the E-mini S&P 500 index futures. The 5-minute realized volatility 

is annualized by multiplying 
√ 

252 × 23 × (60 / 5) . We then calculate VoV as the volatility of the estimated realized volatility from 4 pm of the previous 

trading day to 4 pm. The realized volatility (Vol) is calculated as the squared root of the realized variance, which is the summation of the five-minute 

squared returns on the E-mini S&P 500 index futures covering the normal trading hours from 9:30 am to 4:00 pm along with the close-to-open overnight 

returns (78 returns
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Table 8 

Measuring Resolution of Impact Uncertainty using Pre-Announcement Changes in VoV . 

All 4 Macro Ex FOMC FOMC Only 

High Low H - L High Low H - L High Low H - L 

Panel A: Returns and �VoV, Sorted by Pre-Announcement �VIX 

�VIX (sorting var) −1.32 0.31 −1.63 −1.07 0.46 −1.53 −1.57 0.11 −1.68 

[ −16.98] [6.27] [ −15.53] [ −9.77] [5.86] [ −9.14] [ −14.05] [1.96] [ −13.41] 

Ret 85.97 0.17 85.80 81.22 −8.70 89.92 100.39 9.23 91.16 

[12.05] [0.05] [11.69] [10.35] [ −1.73] [8.26] [8.50] [2.48] [9.60] 

�VoV −2.34 −0.59 −1.75 3.39 0.03 3.36 −5.11 −2.44 −2.67 

[ −2.60] [ −1.14] [ −1.57] [1.50] [0.04] [1.85] [ −4.53] [ −5.89] [ −2.70] 

Panel B: Returns and �VIX, Sorted by Pre-Announcement �VoV 

�VoV (sorting var) −8.66 1.69 −10.35 −7.90 2.27 −10.17 −10.59 −1.09 −9.50 

[ −16.04] [6.89] [ −18.47] [ −12.08] [7.80] [ −15.22] [ −14.52] [ −3.63] [ −13.52] 

Ret 27.43 10.27 17.16 14.00 9.18 4.81 52.17 22.97 29.19 

[5.28] [4.61] [3.33] [2.80] [3.67] [0.86] [3.66] [4.35] [2.29] 

�VIX −0.20 0.05 −0.25 0.30 0.12 0.18 −0.63 −0.14 −0.49 

[ −1.78] [0.80] [ −1.99] [2.10] [1.26] [0.98] [ −2.73] [ −1.76] [ −2.57] 

Announcement days are sorted by pre-announcement �VIX into “High” and “Low” in Panel A, and, in Panel B, by pre-announcement 

�VOV, where VoV is the volatility of realized volatility (reported in percent) estimated using high-frequency returns within the pre- 

announcement window. “High” containing announcement days ranked top 20% in VIX (VoV) reduction and “Low” containing the rest. 

“All 4 Macro” includes NFP, ISM, GDP, and FOMC, and “Ex FOMC” excludes FOMC from the four. Numbers significant at the 5% level are 

in bold. The sample period is from September 1994 to May 2018. 
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and both correlations are highly statistically significant at

the 1% level. 

Table 8 reports the joint dynamics of pre-

announcement returns, �VoV, and �VIX along two

dimensions. Panel A uses the pre-announcement changes

in VIX as the information variable to divide the announce-

ment days into high and low groups of uncertainty resolu-

tion and then reports their respective pre-announcement

returns and �VoV. For the high group, the average drop

in VoV is 2.34% and 5.11% for the four macroeconomic

indicators and FOMC alone, respectively, and both are

statistically significant at the 1% level. For the three non-

FOMC macroeconomic indicators, the high-uncertainty

events experience a 3.39% increase in VoV, but the esti-

mate is not statistically significant. Overall, using �VIX

as a measure of impact uncertainty, the high-uncertainty

group experiences a reduction in �VoV as well. In other

words, �VIX and �VoV indeed contain overlapping

information with respect to impact uncertainty. 

Panel B reverses the order and uses the pre-

announcement changes in VoV as the information vari-

able to divide the announcement days into high and

low groups of uncertainty resolution. Specifically, we sort

macroeconomic announcement days based on the pre-

announcement changes in VoV and define the high-

uncertainty group as the top 20% of the events with the

largest reduction in VoV during the pre-announcement pe-

riod, and the rest as the low-uncertainty group. As shown

in Panel B of Table 8 , the average pre-announcement re-

turn is 27.43 bps for the high-uncertainty group of the four

macroeconomic announcements, significantly higher than

that of the low-uncertainty group, which is 10.27 bps. The

pattern is strong for FOMC but weaker for the three non-

FOMC macroeconomic indicators. Similarly, VIX tends to

decrease for the high-uncertainty groups identified by the

reduction of VoV, except for the three non-FOMC macroe-
conomic indicators. For the four macroeconomic indica- 
tors and FOMC alone, the pre-announcement drop in VIX 

is 0.20 and 0.63 for the high uncertainty groups, with 

t-stats of −1 . 78 and −2 . 73 , respectively. For the three 

non-FOMC macroeconomic indicators, VIX of the high- 

uncertainty events increases by 0.30 with a t-stat of 2.10. 

Overall, the evidence suggests that, qualitatively, the 

pre-announcement drop in VoV is also useful in picking 

up macroeconomic announcements that have high uncer- 

tainty resolution. Compared with VIX, however, the re- 

sults based on VoV are substantially weaker in both their 

economic magnitude and statistic significance. In particu- 

lar, for non-FOMC macroeconomic indicators whose pre- 

announcement periods fall mainly in the overnight pe- 

riod, VoV could not identify the high-uncertainty resolu- 

tion events reliably. The substantial measurement errors in 

the relatively quiet overnight period could also potentially 

contribute to the weaker empirical results from VoV. 

Variance risk premium 

Given that VIX reflects both expected variance and a 

risk premium for variance uncertainty, another proxy for 

impact uncertainty could be obtained by adjusting VIX for 

recent realized variance. Following Bollerslev et al. (2009) , 

we first calculate the expected volatility as the squared 

root of the realized variance, which is the summation of 

the five-minute squared returns on the E-mini S&P 500 in- 

dex futures covering the normal trading hours from 9:30 

am to 4:00 pm (78 5-minute returns per day) along with 

the close-to-open overnight squared returns in a rolling 

22-day window. We then calculate the variance risk pre- 

mium (VRP 22 D ) as the differences between VIX and the re- 

alized volatility. 

The right panel of Fig. 5 plots  the time-series of the 

estimated volatility and  VIX.  It  is  worth n  that  the 

estimated volatility, based on the intraday returns in the 

past 22 days, is quite smooth 



G.X. Hu, J. Pan, J. Wang et al. Journal of Financial Economics 145 (2022) 909–936 

Table 9 

Predicting Return, using �VIX, and �VRP . 

Y = Pre-Ann Return All 4 Macro Ex FOMC FOMC Only 

X = VIX VRP 22 D VRP 6 D VIX VRP 22 D VRP 6 D VIX VRP 22 D VRP 6 D 

�X [ −6, −1] 3.80 ∗∗∗ 2.21 ∗∗ 0.37 4.03 ∗∗∗ 2.48 ∗∗∗ 0.66 2.41 0.40 −2.22 

[3.18] [2.58] [0.56] [2.76] [2.61] [0.96] [1.63] [0.22] [ −1.24] 

Constant 13.80 ∗∗∗ 13.80 ∗∗∗ 13.80 ∗∗∗ 10.36 ∗∗∗ 10.36 ∗∗∗ 10.36 ∗∗∗ 28.45 ∗∗∗ 28.45 ∗∗∗ 28.45 ∗∗∗

[6.80] [6.72] [6.66] [4.75] [4.70] [4.65] [5.52] [5.48] [5.54] 

Adj-R2 (%) 3.96 1.72 0.01 4.55 2.35 0.30 1.01 −0.57 1.66 

Obs 862 862 862 698 698 698 164 164 164 

Pre-announcement returns are regressed on lagged changes in VIX and VRP over a six-day window. VRP 22 D is estimated as the 

difference between VIX and the realized volatility of a rolling 22-day window, where the realized volatility is the squared root of 

the realized variance which is the summation of the 22 × 78 within-day five-minute squared returns covering the normal trading 

hours from 9:30 am to 4:00 pm along with the close-to-open overnight squared returns in a rolling 22-day window. VRP 6 D is 

estimated as the difference between VIX and the realized volatility of a rolling 6-day window. “All 4 Macro” includes NFP, ISM, 

GDP, and FOMC, and “Ex FOMC” excludes FOMC from the four. Returns are in basis points; �VIX and �VRP are in percent. The 

regressands are demeaned so that the intercept reflects the averages of returns. The reported t-stat’s use Newey-West standard 

errors, adjusting for serial correlations. The sample period is from September 1997 to May 2018. 

 

raVIX,   

mainly 

in the variance risk premium (VRP 22 D ) is mainly driven by

the variations in VIX, rather 
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Table 10 

Average Daily S&P 500 Index Returns Realized on Heightened VIX Days . 

VIX t − VIX t−1 ≥ Cutoff ( η = 0 ) VIX t − μη
t−1 

≥ Cutoff ( η = 0 . 15 ) VIX t − μη
t−1 

≥ Cutoff ( η = 0 . 30 ) 

Cutoff N Days Ret t+1 T -stat Cutoff N Days Ret t+1 T -stat Cutoff N Days Ret t+1 T -stat 

(%) (/year) (bps) (%) (/year) (bps) (%) (/year) (bps) 

1994–2018 1994–2018 1994–2018 

4.0 3.9 58.91 2.07 4.0 4.1 49.63 1.73 4.0 4.5 65.68 2.29 

3.5 5.4 38.17 1.65 3.5 5.4 51.34 2.19 3.5 5.9 58.18 2.56 

3.0 7.7 42.70 2.46 3.0 7.8 52.92 3.08 3.0 8.5 57.22 3.24 

2.5 11.1 36.58 2.83 2.5 11.1 46.06 3.34 2.5 11.6 34.56 2.50 

2.0 15.9 24.03 2.45 2.0 16.0 29.38 2.80 2.0 16.4 28.30 2.70 

1.5 24.6 19.63 2.68 1.5 24.5 16.64 2.14 1.5 25.4 19.92 2.70 

1.0 39.7 10.34 2.01 1.0 39.3 11.70 2.17 1.0 41.2 11.80 2.23 

0.5 68.0 7.87 2.28 0.5 68.1 7.14 2.02 0.5 68.6 7.24 2.05 

0.0 117.9 3.47 1.46 0.0 116.7 4.33 1.85 0.0 115.3 6.06 2.53 

1986–2018 1986–2018 1986–2018 

4.0 3.6 35.98 1.19 4.0 3.7 36.29 1.18 4.0 4.0 52.64 1.74 

3.5 4.9 22.29 0.95 3.5 4.9 38.67 1.58 3.5 5.3 45.65 1.93 

3.0 6.9 30.55 1.73 3.0 7.0 43.14 2.41 3.0 7.6 48.04 2.71 

2.5 9.8 29.35 2.27 2.5 9.9 39.45 2.86 2.5 10.4 29.45 2.17 

2.0 14.3 16.94 1.78 2.0 14.4 24.51 2.42 2.0 14.9 21.70 2.16 

1.5 22.2 14.22 2.07 1.5 22.2 12.30 1.68 1.5 23.0 15.56 2.23 

1.0 36.5 6.59 1.41 1.0 36.7 8.83 1.82 1.0 38.2 9.71 2.03 

0.5 65.4 4.84 1.62 0.5 65.2 5.33 1.73 0.5 65.7 5.79 1.88 

0.0 118.6 3.03 1.54 0.0 117.7 4.03 2.05 0.0 115.8 5.07 2.51 

Reported under Ret t+1 are average daily returns on the S&P 500 index realized on heightened VIX days. Day t + 1 is predicted as an 

heigthened VIX day if VIX t − μη
t−1 

≥ Cutoff, where μη
t−1 

= (1 − η) 
∑ t−1 

τ=0 η
τ VIX t−τ−1 is the exponentially weighted moving average of past 

VIX and smoothing is controled by the decay factor η. When η = 0 , there is no smoothing and μη
t−1 

= VIX t−1 . “N Days” measures the 

average number of such “Heightened VIX” days per year. The sample period is from September 1994 to May 2018 for the top panel and 

January 1986 to May 2018 for the bottom panel. The sample standard deviation of daily changes in VIX is 1.59% for the first sample from 

September 1994 to May 2018 and is 2.16% for the second sample period from January 1986 to May 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tradingout financial tradinghas out 
In this section, we expand the implications of our

model beyond the scheduled announcements to include

such unanticipated heightened uncertainty. According to

Prediction 6 of our model, following unanticipated height-

ened uncertainty, there should be reversals in VIX and pos-

itive stock returns as the uncertainty resolves. Effectively,

this exercise serves as an out-of-the-sample test of the key

mechanism of our model by showing that heightened un-

certainty, regardless of its origin, brings risk as well as risk

premium to the market. 

To capture episodes of unanticipated heightened uncer-

tainty, we take advantage of our model’s prediction that

changes in VIX are a gauge of impact uncertainty. 24 In

the context of our model, a large spike in VIX on a sin-

gle day can be viewed as a condensed, sped-up version of

the slow accumulation of VIX in anticipation of a sched-

uled announcement. Following this observation, we focus

mainly on daily changes in VIX, defined by 

�VIX t = VIX t − VIX t−1 . 

Our data sample for studying surprise VIX hikes is larger,

starting in January 1986 and ending in May 2018. For the

early period from 1986 through 1989, we use the “old VIX”

index (VXO), and after that we use the current form of VIX

index. To compare with macroeconomic announcements,
24 Given the close connection among return, variance, and VIX, it is nat- 

ural to ask whether heightened uncertainty can be captured by sudden 

drops in price or sudden increase in its variance. In the context of our 

model, this is not the case. We provide further empirical tests in Sec- 

tion D of the Online Appendix. 
we also report results for the sub-period from September 

1994 to May 2018. 

Over the full sample, �VIX t has a slightly negative but 

insignificant mean, and a standard deviation of 2.16%. The 

events surrounding the 1987 stock market crash signifi- 

cantly affect the distribution of �VIX t , resulting in ex- 

treme values in its skewness and kurtosis. Taking out Octo- 

ber 1987, the sample standard deviation of �VIX t is 1.51%, 

skewness is close to 1 (with a t-stat of 2.77), and kurto- 

sis is 24 (with a t-stat of 6.09). Overall, the distribution 

of �VIX t is marked by large movements in the tails, with 

sudden spikes in VIX being more frequent and larger in 

magnitude than sudden reductions in VIX. Our objective in 

this section is to use the tail events associated the sudden 

spikes in VIX to capture heightened uncertainty in financial 

markets and measure the premium for heightened uncer- 

tainty. 

At the close of trading day t , we define day of VIXdefine sudden 1.5of of captur and out  
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Table 11 

Predicting Return and �VIX by VIX Build-up . 

Return �VIX 

�VIX [ −6 , −1] 2.96 ∗∗∗ 0.33 −0 . 07 ∗∗∗ −0 . 02 ∗∗

[3.60] [0.40] [ −6.87] [ −2.04] 

�VIX [ −6 , −1] × Macro 5.43 ∗∗ −0 . 09 ∗∗

[1.99] [ −2.43] 

�VIX[ −6, −1] × HVIX 6.69 ∗ −0 . 13 ∗∗

[1.69] [ −2.30] 

Macro 15.44 ∗∗∗ −0 . 32 ∗∗∗

[3.76] [ −6.17] 

HVIX 13.85 −0.23 

[0.63] [ −0.61] 

Constant 3.60 ∗∗ −0.76 0.00 0.09 ∗∗∗

[2.48] [ −0.46] [0.01] [3.91] 

Adj R-Sqr(%) 0.64 1.65 2.07 4.08 

Obs 5972 5972 5971 5971 

Daily returns on the S&P 500 index and changes in VIX are regressed on 

lagged changes in VIX over a six-day window. “Macro” is a dummy vari- 

able for NFP, ISM, GDP and FOMC announcement days. “HVIX” is a dummy 

variable for heightened VIX days selected based on exponentially weighted 

moving average of past VIX with the decay factor η equals to 0.3. Returns 

are in basis points and �VIX are in percent. �VIX[-6, −1] is demeaned so 

that the intercept reflects the average returns and �VIX. The reported t- 

stat’s use Newey-West standard errors, adjusting for serial correlations. The 

sample period is from September 1994 to May 2018. 

 

 

 

 

basis points, respectively, and both statistically significant.

This result confirms the prediction of our model: following

heightened uncertainty, the stock market experiences posi-

tive and significant return. Moreover, the higher the uncer-

tainty, the stronger the 
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for all four macroeconomic announcements, the pre-

announcement return-to-variance ratio far exceeds the

post-announcement counterparts, 
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E [ R 1 ] = αλ0 + 

αλ

1 − 1 
2 
α2 λ

− α(1 − δ)E[ σ 2 ] 

= δα(λ0 + λ) + 

1 
2 
α3 λ2 

1 − 1 
2 
α2 λ

> 0 , (A.2)

where we have used the fact that E[ σ 2 ] = λ0 + λ. The vari-

ance of the return is: 

V [ R 1 ] = V [ σε 1 − α(1 − δ) σ 2 ] = E 
[
[ σε 1 − α(1 − δ) σ 2 ] 2 

]
−

(
E[ σε 1 − α(1 − δ) σ 2 ] 

)2 

= δ(λ0 + λ) + α2 (1 − δ) 2 λ2 . (A.3)

Likewise, the mean and variance of the return over the sec-

ond period are: 

E [ R 2 ] = E[ σε 2 + α(1 − δ) σ 2 ] = α(1 − δ)(λ0 + λ) > 0 , 

(A.4)

V [ R 2 ] = V [ σε 2 + α(1 − δ) σ 2 ] = E 
(
[ σε 2 + α(1 − δ) σ 2 ] 2 

)
−

(
E[ σε 2 + α(1 − δ) σ 2 ] 

)2 

= (1 − δ)(λ0 + λ) + α2 (1 − δ) 2 λ2 , (A.5)

Deriving Proposition 3 

From the expected returns over period 1 and 2, given

in (19) and (20), we can see that for a sufficiently large

λ, in particular when it approaches its upper bound 2 /α2 ,

the expected return for the first period can be very large.

Thus, we want to find a threshold λ∗ such that when λ
exceeds this threshold, the expected return and return to

variance ratio for the first period are higher than those for

the second period. 

First, E[ R 1 ] > E[ R 2 ] is equivalent to: 

1 
2 
α3 λ2 

1 − 1 
2 
α2 λ

> (1 − 2 δ) α(λ0 + λ) . (A.6)

Since δ ∈ [0 , 1] , a sufficient condition for this inequality to

hold is: 

1 
2 
α3 λ2 

1 − 1 
2 
α2 λ

> α(λ0 + λ) . (A.7)

Next, we explore a sufficient condition for RV R 1 > RV R 2 .

First, we note that 

RV R 2 = 

α(λ0 + λ) 

(λ0 + λ) + α2 (1 − δ) λ2 
< α. (A.8)

Moreover, 

RV R 1 = 

αδ(λ0 + λ) + 

1 
2 
α3 λ2 / (1 − 1 

2 
α2 λ) 

δ(λ0 + λ) + α2 (1 − δ) 2 λ2 
. (A.9)

A lower bound of RV R 1 can be obtained by making δ-

related terms as small as possible in the numerator and

making δ-related terms as large as possible in the denom-

inator. Thus, a sufficient condition for RV R 1 > RV R 2 is: 

1 
2 
α3 λ2 / (1 − 1 

2 
α2 λ) 

(λ0 + λ) + α2 λ2 
> α. (A.10)

Reorganizing the terms gives the following: 

1 
2 
α3 λ2 

1 − 1 α2 λ
− α3 λ2 > α(λ0 + λ) . (A.11)
2 

935 
Comparing (A.7) with (A.11) , we see that the latter implies 

the former. Thus, we only need to focus on (A.11) , which is 

equivalent to: 

λ( 1 
2 
α4 λ2 − 1) 

1 − 1 
2 
α2 λ

> λ0 . (A.12) 

Now we impose a lower bound on λ: 
√ 

2 

α2 
< λ < 

2 

α2 
(A.13) 

where the upper bound is simply (4) . Then, for λ satisfying 

(A.13) , we have 

λ( 1 
2 
α4 λ2 − 1) 

1 − 1 
2 
α2 λ

= 

1 
2 
λ
(
α2 λ + 

√ 

2 

)(
α2 λ − √ 

2 

)
1 − 1 

2 
α2 λ

> 

(2 /α2 ) 
(
α2 λ − √ 

2 

)
1 − 1 

2 
α2 λ

. (A.14) 

Thus, a sufficient condition for (A.12) is 

(2 /α2 ) 
(
α2 λ −

√ 

2 

)
1 − 1 

2 
α2 λ

> λ0 , (A.15) 

which holds if 

λ > 

√ 

2 /α2 + λ0 / 2 

1 + α2 λ0 / 4 

= 

√ 

2 

α2 
+ 

(
2 − √ 

2 

)
λ0 

4 + α2 λ0 

≡ λ∗(λ0 ) . 

(A.16) 

This gives Proposition 3 and λ∗(λ0 ) ∈ 

[√ 

2 /α2 , 2 /α2 
)
. 

Supplementary material 

Supplementary material associated with this article can 

be found, in the online version, at doi: 10.1016/j.jfineco. 

2021.09.015 . 
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