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1 List of Vaccine Announcements

This section shows the list of vaccine announcements released by the four leading vaccine

developers analyzed in our paper. Table A1 presents the list. There are 21, 58, 25, and

36 announcements for the Johnson & Johnson, Moderna, Oxford-AstraZeneca, and P�zer-

BioNTech vaccines, respectively, resulting in 140 announcements. The �rst vaccine an-

nouncement is on January 23, 2020 and the last one is on December 31, 2020. Section 3.1

in the paper provides details about the methodology used for collecting this data.
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2 Impact of Vaccine Announcements on Days Preced-

ing and Following the Announcements

This section tests for any potential impact that the vaccine announcements might have in

the days preceding or following the announcements. We estimate the following equation (1):

Rt = �0 +
LX

l=1

�l Rt − l +
3X

k= − 3

�kAnnt+ k + �t ; (1)



Table A2: Test for Pre-announcement and Post-announcement E�ects

OLS Regression

Lead 3 0.135 (0.331)
Lead 2 � 0.268 (0.272)
Lead 1 � 0.455 (0.325)
Announcement 0.850 (0.239)***
Lag 1 0.069 (0.253)
Lag 2 � 0.238 (0.324)
Lag 3 � 0.231 (0.262)
Constant 0.074 (0.213)

This table shows the results of estimating equation (1) that regresses the daily log return, Rt , on a constant,
seven lags of return as well as three leads, the contemporaneous value and three lags of the indicator variable
that takes on the value of one if there is an important vaccine announcement on that day and zero otherwise.
The log return is computed as Rt



return lags, L, is determined with the Schwarz information criterion and results in zero

lags for BioNTech and Moderna and one lag for the other three companies. Annt is an

indicator variable that takes on the value of one if there is a vaccine announcement about

this company on that day and zero otherwise. Since our sample includes only positive news

about the vaccine development as described in Section 3 of the paper, a positive coe�cient

on the announcement indicator variable, �, means that the good news increases the return.

Table A3 reports the results. For conciseness, the coe�cients on the return lags are not

reported and are available upon request. The coe�cient on the announcement indicator

variable is signi�cant for all four companies involved in development of the vaccines that

have been approved in the U.S. (BioNTech, Johnson & Johnson, Moderna, and P�zer). This

means that the company stock returns are higher on days when these companies release the

vaccine announcements. The Moderna and BioNTech stock prices on average move by 3.2%

and 4.8%, respectively, on the vaccine announcement days. This impact is large probably

because the COVID-19 vaccine is a substantial part of business in these corporations. The

magnitude of the Johnson & Johnson and P�zer stock price moves is lower (1.1% and 1.6%,

respectively), perhaps because they are larger corporations diversi�ed into other products.

The coe�cient is not signi�cant for AstraZeneca. Although the AstraZeneca vaccine

was approved in the EU and other regions, the vaccine was lagging behind the Johnson &

Johnson, Moderna, and P�zer-BioNTech vaccines in the U.S. approval process. Also, on

June 4, 2020 AstraZeneca released announcement #33 in Table A1 in which Pascal Soriot,

AstraZeneca Chief Executive O�cer, announced: “We are working tirelessly to honour our

commitment to ensure broad and equitable access to Oxford’s vaccine across the globe and at

no profit. Today marks an important step in helping us supply hundreds of millions of people

around the world, including to those in countries with the lowest means...” Perhaps investors

considered this pricing decision and predicted the U.S. approval challenges and therefore did

not react to the vaccine announcements as enthusiastically.

To gain a perspective on the economic signi�cance of the Table A3 results, we compute

14



Table A3: Impact of Vaccine Announcements on Leading Vaccine Company
Stocks

Random
AstraZeneca BioNTech J & J Moderna P�zer E�ects

Announcement 0:288 4:805** 1:107** 3:247*** 1:620*** 2:580***
(0:372) (2:046) (0:473) (1:079) (0:506) (0:475)

Constant � 0:017 � 0:306 � 0:048 � 0:007 � 0:236 � 0:168
(0:157) (0:496) (0:129) (0:437) (0:147) (0:241)

Other company ann. 0:116
(0:357)

Trading days 240 240 240 240 240 240
Trading days with ann. 19 32 19 50 32 99

This table shows the results of estimating equation (2) that regresses the daily log return, Rt , on a constant
and an indicator variable that takes on the value of one if there is a vaccine announcement about the given
company on that day and zero otherwise. We include one lag in the AstraZeneca, Johnson & Johnson (J
& J), and P�zer equations; for conciseness, the coe�cients on the return lags are not reported and are
available upon request. The return is computed as Rt = ln (Pt =Pt � 1) � 100 where Pt is the closing stock
price of the given company on day t. The sample period is from January 22, 2020 to December 31, 2020.
Heteroskedasticity consistent standard errors are shown in parentheses. *, **, and *** indicate statistical
signi�cance at 10%, 5%, and 1% levels, respectively.

cumulative stock returns by multiplying the coe�cient estimate on the announcement indi-

cator for each vaccine company by their announcement days. Moderna, BioNTech, P�zer,

and Johnson & Johnson earned approximately 162%, 154%, 52%, and 21% on their an-

nouncement days, respectively, and these returns accounted for a majority of total returns

earned by these companies even though most trading days did not have announcements.

Equation (2) includes only announcements of the given company. To allow for the possi-

bility that the company returns are also a�ected by announcements made by the other four

companies, we control for the other company announcements.

We use the random e�ects panel estimator:

Rit = �0 +
LX

l=1

�l Rit − l + �Annit + AnnOtherit + �t + �it ; (3)

where Annit is an indicator variable that takes on the value of one if there is a vaccine

announcement about company i on that day and zero otherwise, AnnOtherit is an indicator

variable that takes on the value of one if there is an announcement about any of the other

15





We estimate the daily cash ow news and the discount rate news for the S&P 500 in-

dex using the return decomposition approach proposed by Campbell and Shiller (1988).

Campbell and Shiller (1988) derive the following accounting identity that decomposes the

unexpected stock returns into news about future dividends and future discount rates:

r t+1 � E t r t+1 = (E t+1 � E t )

∞X

j =0

� j �dt+1+ j � (E t+1 � E t )

∞X

j =1

� j �r t+1+ j = NCF,t +1 � NDR,t +1 ; (4)

where rt+1 is a log stock return, Et and Et+1 are expectations at time t and t + 1, �dt+1

is a one-period change in the log dividends, � is a constant discount factor, NCF,t +1 is news

about future cash ows, and NDR,t +1 is news about future discount rates. To construct the

time series of the aggregate cash ow news and the aggregate discount rate news, we follow

Campbell and Vuolteenaho (2004) and estimate the �rst-order vector autoregression (VAR):

zt + 1 = a + Bzt + ut + 1; (5)

where zt + 1 is a vector of state variables, a and B are coe�cient matrices, and ut + 1 is a

vector of shocks. The excess stock market return is the �rst state variable in the VAR, and

the other state variables are selected to model the time variation in expected returns. The

discount rate news can then be computed as:

NDR,t +1 = e1′�ut + 1; (6)

where e1 is a vector with the �rst element equal to one and the other elements equal to zero,

and � � �B(I � �B)− 1 is a matrix that captures the long-term e�ects of VAR innovations

on the state variables. We set the daily discount factor � equal to 0.9998 (0.95 annualized

following Campbell and Vuolteenaho (2004)). Campbell (1993) shows that � is related to

the average consumption-wealth ratio. Speci�cally, � = 1 � exp(c � w), where c and w are

the natural logs of consumption and total wealth, respectively; therefore, setting � equal to

0.95 assumes that investors consume about 5% of their wealth per year on average. We then

calculate the cash ow news using the market return shock and the discount rate news:

NCF,t +1 = (e1′+ e1′�)ut + 1: (7)
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This calculation treats the cash ow news as a residual. In principle, it is possible to model

the cash ow news directly. For example, Chen and Zhao (2009) do this by constructing

cash ow proxies from annual �nancial statements data. However, this approach cannot be

used to construct a daily time series of the aggregate cash ow news.

Following Atilgan, Bali, and Demirtas (2015), we use a return decomposition based on

a daily VAR that includes the log excess return of the S&P 500 index, the dividend yield

of the S&P 500 index, the relative Treasury bill rate (the di�erence between the three-

month Treasury bill rate and its moving average over the last 12 months), the credit spread

(the di�erence between the Moody’s BAA and AAA bond yields), and the term spread

(the di�erence between the 10-year and three-month constant maturity Treasury yields).

The dividend yield of the S&P 500 index is obtained from the OptionMetrics database.

All interest rates are obtained from the FRED database. The dividend yield, the relative

Treasury bill rate, the credit spread, and the term spread are commonly used predictors

of equity market returns (Campbell, 1991; Campbell & Vuolteenaho, 2004; Bernanke &

Kuttner, 2005; Fama & French, 1989), and Atilgan et al. (2015) use the same predictors in

their return decomposition. To simplify the interpretation of the VAR coe�cient estimates,

we standardize all VAR variables except the market excess return to a mean of zero and

standard deviation of one.

We estimate the VAR using daily data from January 2017 to December 2020. The

coe�cient estimates are shown in Table A4. All predictor variables except the relative

Treasury bill rate are statistically signi�cant in the market excess return equation. The

dividend yield positively predicts excess stock returns. The credit spread and the term

spread are also signi�cant predictors of next-day returns. There is also some evidence of

next-day reversal in the market return. The R2 of the return equation is approximately

9.3%.

We conduct several robustness checks. The results for the cash ow and discount rate

news are similar if we shorten the period used in computing the moving average for the

18



Table A4: Vector Autoregression (VAR) Parameter Estimates

Constant r e
m;t DYt RTB t TSt CSt R2

r e
m;t +1 0:057 � 0:267*** 0:190*** 0:048 0:166*** 0:378*** 0:093

(0:040) (0:086) (0:103) (0:072) (0:060) (0:127)
DYt +1 � 0:002 0:020** 1:002*** 0:009** 0:004 0:014* 0:995

(0:002) (0:009) (0:005) (0:004) (0:004) (0:008)
RTB t +1 � 0:001 � 0:0002 0:004 0:999*** 0:010*** 0:009** 0:998

(0:001) (0:002) (0:003) (0:002) (0:002) (0:004)
TSt +1 � 0:002 � 0:011 � 0:018 0:003 0:972*** � 0:021** 0:971

(0:005) (0:007) (0:011) (0:005) (0:007) (0:010)
CSt +1 0:001 � 0:005 � 0:108** � 0:029* � 0:068*** 0:827*** 0:910

(0:010) (0:022) (0:041) (0:016) (0:016) (0:044)

This table shows the OLS parameter estimates for the �rst-order VAR including a constant, the log excess
return of the S&P 500 index (r e

m;t ), the dividend yield of the S&P 500 index (DYt ), the relative Treasury
bill rate (RTB t ), the term spread (TSt ), and the credit spread (CSt ). All variables are measured at daily
intervals. All variables except the market excess return are standardized to a mean of zero and standard
deviation of one. The sample period is from January 2017 through December 2020 and contains 1,006
daily observations. Heteroskedasticity consistent standard errors are in parentheses. *, **, and *** indicate
statistical signi�cance at 10%, 5%, and 1% levels, respectively.

relative Treasury bill rate, replace the relative Treasury bill rate with a simple daily change

in the Treasury bill rate or shorten the sample period used to estimate the VAR to 2018-

2020. The results are also similar if we remove the remaining autocorrelation at higher lags

from the estimated cash ow news and discount rate news using an autoregressive model.

Table A5 shows correlations of the VAR residuals and their correlations with the esti-

mated cash ow shocks and discount rate shocks in our sample period from January 22, 2020

to December 31, 2020. The unexpected market returns are strongly negatively correlated

with the credit spread innovations. In periods of market stress, stock prices decline and

credit conditions tighten simultaneously. The correlations of return innovations with cash

ow shocks and discount rate shocks are 0.80 and -0.68, respectively. News of higher expected

cash ows and lower expected returns leads to higher current stock returns. There is some

negative correlation between the cash ow shocks and discount rate shocks. This is consis-

tent with a declining equity risk premium in good economic times when the expectations of

corporate cash ows increase (for example, Campbell and Cochrane (1999)).

We then estimate OLS regressions of the cash ow news and discount rate news on the
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Table A5: Correlations of Cash Flow News, Discount Rate News, and VAR
Residuals

r e
m shock DY shock RTB shock TS shock CS shock NCF

DY shock � 0:013
RTB shock 0:211*** 0:352***
TS shock 0:326*** � 0:334*** � 0:301***
CS shock � 0:225*** 0:211*** 0:063 � 0:126*
NCF 0:804*** � 0:054 � 0:139** 0:228*** 0:239***
NDR � 0:678*** � 0:045 � 0:525*** � 0:263*** 0:671*** � 0:107*

The table shows Pearson correlations of residuals from the VAR with the estimated cash ow news and
discount rate news. The sample period is from January 22, 2020 through December 31, 2020 and contains
240 daily observations. *, **, *** indicate that the correlation is statistically signi�cant at 10%, 5%, and
1% levels, respectively.

vaccine news indicator variable. The results are reported in Table 4 in the paper along with

the related discussion.

5 Impact of Vaccine Announcements on Developed and

Emerging Stock Markets

This section tests whether the impact of vaccine announcements di�ers between developed

and emerging markets. We estimate the following panel regression:

Ri,t = �0 + �1Ri,t − 1 + EMi + �1Annt + �2Annt � EMi + �i + �i,t ; (8)

where Ri,t is de�ned as the log return for the given market i on day t, EMi is an indicator

variable equal to one for emerging markets and zero otherwise, and �i stands for the market-

speci�c random e�ects (i.e., cross-section random e�ects). We use the MSCI Classi�cation of

markets from https://www.msci.com/market-classification/ . Australia, Canada, Hong

Kong, Japan, South Korea, the U.S. and the European countries are classi�ed as developed

markets while China, India, Mexico, Nigeria, and South Africa are classi�ed as emerging

markets. We include returns for the 19 stock indices analyzed in the paper (the U.S. stock
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market analyzed in Table 2 and 18 other stock markets analyzed in Table 5). Table A6

reports the results. The coe�cient �2 is not statistically signi�cant. Therefore, developed

and emerging markets do not di�er in their reaction to vaccine announcements.

Table A6: Test for a Di�erence in the Impact of Vaccine Announcements on
Developed and Emerging Stock Markets

Announcement 0.602 (0.223)***
Announcement*EM � 0.085 (0.143)
EM 0.097 (0.067)
Constant � 0.161 (0.120)
Number of time periods (Trading days) 249
Number of cross-sections (Markets) 19
Total panel observations 4,535

This table shows the results of estimating equation (8) that regresses the log return, Ri;t for market i on
day t, on a constant, one lag of the return, a dummy variable EM i equal to one for emerging markets and
zero otherwise, an indicator variable that takes on the value of one if there is a vaccine announcement on
that day and zero otherwise, and an interaction term multiplying this vaccine announcement variable by
EM i . The estimation uses a set of vaccine announcements selected as described in Section 4.1. The random
e�ects panel estimator is used. The sample period is from March 23, 2020 to December 31, 2020. Standard
errors corrected for correlations across markets are shown in parentheses. *, **, and *** indicate statistical
signi�cance at 10%, 5%, and 1% levels, respectively.

6 Robustness Checks

This section provides supplementary material for robustness checks mentioned in Section



announcements about vaccines not approved in EU, the U.K., or the U.S. but approved in

another country. The two such vaccines with the largest market are the Sinopharm-BIBP

and Sinovac vaccines developed in China. We collect announcements about these two vac-

cines from the Sinopharm and Sinovac websites as well as multiple Chinese online media





imprisoned for leaking macroeconomic data. Some studies, such as Koch-Weser (2013), have



coe�cient estimate of the average macroeconomic surprise is not statistically signi�cant. Two

possible reasons may account for this �nding. First, according to the estimates of Kurov et al.
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