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Abstract

Recent empirical evidence demonstrates a macroeconomic announcement effect: a large propor-
tion of the equity premium is realized on scheduled macroeconomic announcement days, while
the volatility remains unchanged. Moreover, market beta explains excess returns on announce-
ment days, but not on days without announcements. This paper proposes a rare-event based

explanation for these phenomena.

1 Introduction

Since the work of Sharpe (1964) and Lintner (1965), the capital asset pricing model (CAPM) has been
the benchmark model for the cross-section of asset returns. While deviations from the CAPM have
proliferated, the model remains the benchmark framework for understanding the relation between risk
and return. Recently, Savor and Wilson (2014) document a striking fact about the fit of the CAPM.
Though the CAPM does a poor job of explaining the overall relation between risk and return, it does
very well on a subset of trading days, namely those days in which the Federal Reserve System or the

Bureau of Labor Statistics releases macroeconomic news.

Figure 1 reproduces the main result of Savor and Wilson (2014) using updated data. We construct
beta-sorted portfolios, and show the security market line, namely the graphical relation between ex-
pected return in excess of the Treasury bill and beta. On non-announcement days (the majority),

the slope is very close to zero, and in fact is slightly negative. On announcement days, the slope is

*We thank Winston Dou, Marco Grotteria, Nick Roussanov, and Chaojun Wang for helpful comments.



strongly positive and statistically significant. In addition, dots representing the portfolios seem to be
well following the security market line, suggesting (partially) success of CAPM and contradicting
the well-established view that CAPM should not be able to explain the mean excess returns in cross

section.

One potential explanation for the findings of Savor and Wilson (2014), is that the risk is different
on announcement and non-announcement days. However, covariances and variances can be measured
very accurately, and it turns out that both risk measures are nearly indistinguishable on both sets of
days. This deepens the puzzle, and, as Savor and Wilson discuss, rules out a host of possible risk-

based explanations.

These cross-sectional findings are closely related to the finding that market returns are much
higher on announcement days as opposed to non-announcement days. This finding is the focus of Sa-
vor and Wilson (2013) who show that it is so strong that the majority of the observed equity premium

is realized on macroeconomic announcements. We can summarize the facts as follows:

1. The slope of the security market line is higher on announcement days than on non-announcement

days. The difference is economically and statistically significant.
2. The security market line is essentially flat on non-announcement days.

3. The equity premium is much higher on announcement days as opposed to non-announcement

days

4. Volatilities and betas with respect to the market are the same on both types of days.

We show that these findings can be explained in a model with rare economic disasters. The
presence of rare events breaks the traditional relation between risk and return. This is key, because
these findings together show a dramatic failure of the risk/return relation. We assume that the disaster
probability has an observable and an unobservable component. We assume, for simplicity, that the
unobserved component of the disaster probability follows a two-state Markov-switching process, and
that macro-announcements fully reveal the state to investors. While these assumptions are stark,
they simplify the analysis and serve to illuminate our main mechanism. Macro-announcement days
feature a premium because news that strongly affects investors utility is revealed on these days. They
do not feature higher observed volatility in samples where negative announcements, which are much
less likely that positive announcements do not occur. We calibrate the model to postwar data and
show that our model is able to reproduce main moments associated to the U.S. equity market while

addressing the puzzles associated to macro-economic announcements raised above.



2 A model with announcement effects

2.1 Endowment and preferences

We assume an endowment economy with an infinitely-lived representative agent. Aggregate con-
sumption (endowment) follows a geometric Brownian motion with constant drift. In addition, the
consumption process is also associated to two (independent) rare events modeled as Poisson jumps:
dCt _ Z1 ¢ Zat
= fedi+odBe; + (e”1* —1) dNyy + (e”>* — 1) dNay, (1)
-
where N1 ; are No ; two independent Poisson processes with jump intensity Aq ; and g ¢, respectively.
Z1¢and Z3 ; are two random variables with the same distribution, denoted by v, and capture the actual
size of rare disasters. (We assume that Z; ; < 0 and Zo; < 0.) B¢ is a standard Brownian motion.

All processes described above are assumed to be independent.

The Poisson processes N1, and No; capture rare events. If no rare events occur, aggregate con-
sumption drifts at a rate jic, and is hit by normal-times shocks dB¢;. The rare events represent
huge negative shock to consumption. This structure follows that of Wachter (2013). We discuss the

intensity of the Poisson processes in what follows.

We assume the representative agent has recursive utility with EIS equal to 1, which gives us
closed-form solutions up to ordinary differential equations.! We use the continuous-time character-
ization of Epstein and Zin (1989) derived by Duffie and Epstein (1992). The following recursion
characterizes utility V;:

Vi, = max B; / F(C, Va)ds, P
t

where

€L = 51 =)V (log G-

Here [ represents the rate of time preference, and y represents relative risk aversion.

log[(1 - wm) | 3

2.2 The jump intensity and scheduled announcements

The jump intensity, A1 ¢, can take two different values: 0 < A& < \B. However, the value A1,¢ is not
directly observable to the market: agents can only rationally forecast the value of A ;, conditioning

on the information set at time ¢. We call A the good state, and A the bad.

Following Benzoni et al. (2011), we model the the dynamics of A1 ; by a continuous time regime

"Methods of Tsai and Wachter (2017) extend this solution to an approximate analytical solution with non-unitary EIS.



switch model. The model is characterized by

PAiiar = A1 = AP) = ¢pedt

B o 4
P trat = A7 A = A7) = ¢gpdt.

We assume, as in the data, that announcements occur periodically, and let 7" be the period length. 2
We assume that macro-economic announcements convey news about future disasters by fully reveal-
ing the value of )‘1,t-3 While disasters can take place at any time, the bad state, with which \; ; = \B
is particularly concerning for agents as it implies a large possibility of disasters. The update of g ¢

then becomes a huge source of risk for agents.
The process of A2 ¢, however, follows a Cox-Ingersoll-Ross process (Cox et al. (1985)), and is

perfectly observable to agents:

dAQ’t = —/ﬁ;()\gﬂg — /_\Q)dt + ox\/ )\27tdB)\7t. 5

We assume, for simplicity, that B} ; is independent of B¢y.

These assumptions imply that an announcement is itself perfectly anticipated. However, the tran-
sition between the good and bad states can only be revealed on announcements, and thus associate

the announcements with uncertainty.

2.3 The state-price density

We start by characterizing the state-price density, which will determine prices and returns on a cross-

section of firms. First, group the Brownian motions together into a vector:

dBy = [dBcy,dByy) "
Then we define
7=tmod T,

or the time passed since the most recent announcement.

We define several additional state variables to incorporate the agents’ rational belief about the

2Scheduled announcements are not perfectly evenly distributed in the data. This simplification keeps the model tractable
and allows us to focus on the main mechanism.

3We assume that the U.S. government has a greater information set than the overall economy. We do not model the
micro-foundations of information collection. See Stein and Sunderam (2015) for a model of why announcements convey
more information than they might seem.



good and bad states and other relevant information
pe = Pr(Ai = AP|F).

where F; is defined as the information set of the agents at time ¢. So here p; can be understood as the
belief in the probability of bad state at time ¢. We further define

Apr) = p AP + (1 — p)A, (6)

which can be understood as the posterior jump intensity of Ny ;, given the belief in the bad state p;.

Finally, we define
Po (t> = Ds(t)>

where
s(t) = max{s : s < tand s mod T = 0}.

Here po(t) stands for the information about the revealed state after the most recent announcement.

Obviously po(t) can only take value O or 1.

The following theorem characterizes the state-price density 7.

Theorem 1. For 7 € (0,T), or between announcements, the following equation characterizes the

dynamics of the unique state-price density my:

dme _ —ridt — AN(p)E, [6_721”5 — 1] dt — Mo B, [6_72“ — 1] dt
T—
+ 04 ,dB; + [e7 77 — 1]dNyy + [e 7772t — 1]dNyy,
@)
where
-
Ot = [—70, (1 =7)brxory/ /\2,1‘} ®)
(AB = XC) [E,el=%1e — 1]
b, = . )
b (1 =v)(B+ daB + dBC)
1
_ _ 2 _ 9.2 1—)Zay _
by = = 7)03\ (6 + K \/(6 + k) 20/\[El,e( V)22t 1]) , (10)

and ry is the riskfree rate, given by

re = B+ fic — 707 + ANpe) By [e 770t (X0 — 1)] + Moy By [e 7221 (e?2t — 1)]. (11)



For T =0, or upon announcements, the following equation characterizes my:

T e(1=7)(a(0;p0 (1)) +bppt)

AL 12
m—  e=N(a(T5po(t™))+bpp,—) (12)

where

1 1 ¢
a(t;po(t)) = g‘po(t)eﬁT + 3 (,U - 5’}’02 + bpdaB + brrA + T [Eue(lfv)zl’t - 1]) . (13)

Co and ( are the solution to the following system of equations:

(1= (Goe?T+050%) _ G (1= (Grttr) | (1 — pG)e1-1)%0

14
e N(eTH0pp") — B (1= (Citbe) 4 (1 — pB)el-7)0, (9
where the function p& = p(T~;0), p& = p(T~; 1), and p(T; po) is defined as
¢GB > —(¢BG+dcB)T ¢GcB
p(ripo) = (po— ———— | e +—
(7370) ( ¢aB + ¢BG $cB + ¢BG
Proof. See Appendix A. O

Recall that the state-price density can be informally viewed as the marginal utility process for
the representative investor (Appendix A makes this intuition precise). The term —~vo captures the
CCAPM affect, negligible in our calibration. The terms multiplying dN;; reflect the change in
marginal utility in the two types of disasters. Because these affect consumption directly, they al-
ways appear. When v > 0, the agent is risk averse, and marginal utility rises when a disaster takes
place. Moreover, when v > (EIS)~! = 1, or the agent prefers an early resolution of uncertainty,
by < 0, from (7) it follows that marginal utility rises when the probability of disaster rises if and only
if y> 1.

However, p; only shows up by affecting the risk-free rate and the disaster premium, as described
by Tsai and Wachter (2016), while the marginal utility of agent does not change by baring the variation
in p; otherwise. The intuition is that the path of p; is deterministic between announcements, and as a

result p; should not be a priced risk.

Note what does not appear in (7), namely, a term accounting for the effect of announcement

periods on state prices. It might seem like these riskier periods would lead to higher prices of risk.*

Note also that 7 only appear in (7) through affecting p;. It seems that by approaching announce-
ments, the economy is facing a growing uncertainty about the perspective and would charge a higher

*Indeed, a positive shock to marginal utility due to a disaster is more likely during the announcement period. To
compensate, the average marginal utility is lower, which we see from the drift in (7).



price of risk. However, when the EIS is equal to 1, the announcements only shift the future consump-
tion without affecting consumption today (the income and substitution effects cancel out). So only

risk-free rate and disaster premium are affected.

Between announcements, the term p; only affects the dynamics of the state price density by de-
termining the posterior probability of type 1 disasters, while p; itself does not show up as a stochastic
term. The reason is that given the most recent revealed state, there is no additional information about
p¢ and as a result the dynamics of p, becomes deterministic. As a result the agent should be able to

fully understand this and adjust accordingly.

The following corollary characterizes the state price density upon announcements.

Corollary 2.1. The following inequality holds

Co > (1 + by, (15)

where v > 1.
Proof. See Appendix A.3.1. O

Corollary 2.1 implies that the value function of the representative agent will increase if the re-
vealed state after announcement. Note that 1 —~ < 0, we then can see that the state price density will

decrease when the state is revealed to be good, and people’s marginal utility goes down.

2.4 Equity prices

We consider a cross-section of firms with which differ in their sensitivity to disasters. We will evaluate
the CAPM on announcement and non-announcement days using data simulated from these firms.
As in the data, the market portfolio return will be the return on a value-weighted portfolio of the

underlying firms.

Fork=1,...,K,let Df equal the dividend stream of firm k. Assume

dDf
7Dkt = fipdt + 0dBcy + (€71t — 1)dNy 4 4 (e?%2t — 1)dNa,, (16)
t
where ¢y, is the loading on disasters. We assume that firms have the same loading on the Brownian
shock dB¢y. This is in part for simplicity. It also has the attractive property that, absent rare events,

dividend shares and market weights are stationary, implying that no one firm takes over the economy.’

>Given that we simulate for a finite length of time, a non-stationary distribution of relative firm values is not necessarily
a problem. However, because it affects measured CAPM betas, the resulting simulated moments are noisier and harder to
interpret.



See Kilic and Wachter (2017) for a production-based model that micro-founds values of ¢ > 1.

We solve for the value of an asset with dividend stream given by (16). In addition to the state

variables defined in the previous section, we further define
T=tmodT. a7

Here 7 equals the time elapsed since end of the most recent announcement period. The following

theorem characterizes the price of the assets with the dividend process given above:

Theorem 2. The time-t price of asset k with dividend stream (16) takes the form

FE(DF,pe,po(t), Ao, 7, 8) = DEGE (pr, po(), Aoyt 7). (18)

where
G5 (P, po(t), Moy, 7) = /0 exp {a’; (7, 5p0(t)) + b5, (s)pe + bfZ,A(S)x\z,t} ds,  (19)

is the price-dividend ratio, and

B G —Y)Z 1—v)Z
bk (S) _ ()\ — )\ )El/ |:€(¢k ’7) 1.t e( ’7) 1,t:| (1 B 6_(¢BG+¢GB)S> . (20)
o dBa + daB

The function b];) () solves the ODE

db’d‘“‘)’/\(s)
ds

1
_ 50’/2\17];;7)\(8)2 + [(1 _ ’y)b)\ag\ _ Kv] blj)’)\(s) +E, |:e(¢k-—’Y)Z2,t _ 6(1—7)Z2,ti| , 1)

with boundary condition
by (0) = 0.

ag (T, $; D0 (t)) is given by
ag(7,5p0(t)) = h(n,, s;po(t))+/ (—ﬂ — p+fip+\°E, [e@k*’”zt — e(H)Zt} + mXb’;;A(u» du,
0

(22)
wheren = [T‘TFS ] is the number of announcements before the maturity, and h (n, T, S; po(t)) is defined

recursively by

1. h(0,7,s;0) = h(0,7,s;1) =0;



2. Fork=1,2,3,...,n

h(k,T, s; 0) _ log {pG eXp(lf'y)(a(0;1)+bp)+h(k71,T,s;1)+b¢’p (s*+(k71)T)
+(1__pG)eXpu—WMUMD+hw—1Jﬁ£)}

—byp(s" + (k= 1)T)p% — (1 = 7)bpp” — (1 = 7)a(T~;0)

(23)
hk,7,5:1) = log {pB excp(1= (@O +bp)Hh(k—L7,5:1)+b, (s +(k—1)T)

+ (1 o pB) eXp—‘rbpa(0;0)+h(k—1,7’,5;0) }
—byp(s" + (k= 1)T)p” = (1= Nbpp® — (1 = 7)a(T731)

where s* = (1 4 s) mod T; p& = p(T~;0), p® = p(T ;1) are the probability of bad state
right before the announcement, given that the most recent announcement revealed a good (bad)

state.
Proof. See Appendix B. O

Thus the term D} exp {a’; (7,85p0(t)) + 05 ,(s)ps + 05 (3))\27t} is the price today of a dividend
paid s periods in the future. Each of the terms in this exponential has an economic interpretation which

we give below.

The terms b’(;vp(s), is the responses of prices to the change in p;, or the posterior probability of bad
state. Because A1 ¢, is market-wide cash flow variables, it affects future riskfree rates (11) and disaster
premium (7), and thus the price response reflects a tradeoff among a cash flow, a risk premium and
a risk-free rate effect. Equation 20 shows that b’;m(s) < 0 if and only if ¢; > 1. That is, when
¢ > 1 (recall that 1 is the EIS of the representative agent) the joint effect of cash flow and risk
premium dominates, and the prices is an decreasing function of p;. b’(; 1 () also reflects the impact
of the distribution of cash flows. Namely, b’(;’ »(s) reflect the response of prices to to a change in
At. When ¢, > 1, the price is a decreasing function of Ao ; because higher A ; implies that future
consumption and cash flow become riskier. We can see the role of both of these forces in the last term
in the ODE (21). If this last term were zero, then bg 1(s) = 0forall s.

To summarize, provided that ¢y, is greater than 1, asset prices fall upon the realization of a disaster
dN2; = 1 and dN2; = 1. Asset prices also fall upon an unpredictable increase in the probability of
a disaster dBy; > 0.

2.4.1 Risk premium during non-announcement periods

This section describes risk premium on the equities whose prices we computed in Section 2.4. The

formulas we derive show that the model can qualitatively match the facts we describe in the introduc-



tion.

Again, we start with characterizing the premium during non-announcement periods, and then

focus on the premium associated to announcements.

To simplify the notation, let Ff = F*(Df, pr, po(t), Ao,t, 7). Gf = G% (p1, po(t), Ao, 7) When
7 € (0,T), locally, there exist processes lem and U?t such that

dFF Ji(Fk Jo(Fk
Fiézul;’tdt—l—ogtdBt—k ;ikt)leﬁ Q;kt)sz,ta (24)
t = -

where J;(-) is the operator for the change of a process conditioning on a Poisson arrival of type j rare

event.

The instantaneous expected excess return of the asset is then given by

Dy

Jo(FF)
FE

T (Ftk)
FF

Tf — Tt = :U’];T’,t + X(pt)Elﬂ + >\2,tEl/2

The following theorem characterizes the instantaneous expected excess return, or the premium,

of the asset during non-announcement periods:

Theorem 3. While 7 € (0,T), or during the announcement period, the instantaneous risk premium

for an equity asset defined in section 2.4 is given by

1 0Gy,
- X\(Pt)EV [(e‘”zl»t — 1) (e¢kZ1,t - 1)]

—NoBy [(e77720 = 1) (M2 —1)| . (26)

Tf—rt :702—/\27,5(1—7)

The theorem divides the premium into four components: the first is the standard consumption
CAPM term. The second term is the premium the investors require for baring the risk of facing the
time-varying probability of type 2 disasters. The third term is the premium directly linked to the type 1
rare disasters: the jump intensity the agent uses is the posterior intensity given by the best information

available; the fourth term stands for the premium demanded for baring the type 2 disaster.

The following corollary characterizes all terms in Equation 26.
Corollary 2.2. 1. For ¢y > 0, j = 1,2, the premiums for both type I and type 2 are positive.

2. The premium for the time-varying probability of disaster is positive if and only if ¢, > 1.
Proof. The first part is given by the fact that v > 0, and ¢, > 0.

10



The second part is given by the fact 0G¥/0)\; < 0 if and only if ¢}, > 1. This can be proved by
the fact that b’q‘;)\(s) < 0,Vs > 0, with b’;),/\(()) = 0 when ¢, > 1. O

2.5 The announcement premium

In this section, we focus on characterizing the announcement premium. Specifically, we define the
announcement premium as the expect return upon realization of the announcements, given the infor-
mation right before. Since there is no time needed for the realization of the shocks, excess return

equals to return for announcements premium.

The following theorem gives a characterization of the announcement premium.

Theorem 4. Upon announcements, or when t mod T = 0, the announcement premium for FF,
defined as

270

Ff(Df,pupo(t),/\z,t,O) ‘
Fg(Df—?ptfﬂpo(t_%)‘2,t77T_) ! ’

is positive when ¢, > 1.
Proof. See Appendix B.5 O

When the \; ; is revealed to be A%, with ¢, > 1, the asset price will increase. Note that Corollary
2.2 implies that A is good news for the agents. This implies that agents are baring risk by tak-
ing positive position of the assets before announcements, and then the agents will charge a positive

premium.

2.5.1 The observed premium without rare events

The premium takes into account the case in which the rare events actually take place. However, if we
assume that 1) rare events is absent 2) The regime remains good all the time, the premium the market

observes is actually given by the following corollary.

Corollary 2.3. When T € (0,T), the observed instantaneous risk-premium for an equity asset defined

in section 2.4, conditional on that the rare event does not take place, is given by

rf —re =70 = Aog(1 =) S o1
~NoBy [ (0% 1) | (28)

11



When 7 = 0, or upon announcements, the observed announcement premium for an equity asset,

conditional on that the regime remains good all the time, is given by

G%(0,0, A2,t,0)
G(’z(va 07 )‘Q,tv T_)

— 1. (29)

On important feature is that, for any zero-coupon dividend claim, the observed announcement
return is constant, given that the regime remains good. Let H, f; (pt,po(t), Ao ¢, T, s) be the time ¢ price

of Dy 5. Then we have
Héf(pt,po(t), Aot, T, 8) = Dyexp {a’; (,s;p0(t)) + bf;’p(s)pt + bf;,\(s))\g’t} . (30)

Then upon announcements, given that the most recent revealed and announced states are both

good, the observed announcement premium for f; is given by

HE(0,0,A9,4,0, 5)
HE(pa, 0, gy, T, sT)
e {00 004t )
-—exi>{agtr—,s+;o)_%bgm(3+)pc_+bgA(8+)A2¢7} _
B exp {a’;(O,S;O)} :
exp {af;(T—,er;o) + bg’p(S"')pG} o

-1

€29

which is only a function of s and obviously positive. This implies that there will be no volatility
observed in the sample for the announcement premium of zero-coupon dividend assets. As a result,
the announcement premium for the equity claim, which is a weighted average of (31), will also be
observed to be almost constant with zero volatility (as the weights depend on the stochastic state

variable, Ag ;.

This helps us to address the puzzle raised above. On any given trading day, the assets will bare
a volatility which is captured by the variation driven by dBc; and dB) 4, and the market charges the

premium associated. In addition, the market also charges the premium associated to the disaster risk.

However, on announcement days, the market in fact bares the risk associated to the state to be
revealed. But we might not be able to observe the variation associated as the change of regime is very

rare and we then can only see the price the market is charging for baring it on good days.

12



3 Quantitative results

In this section, we start with showing the empirical evidence of macro-economic announcement ef-
fects documented by Savor and Wilson (2014) with extended samples. After that we proceed to

simulations and show that the effects can be produced with our model.

To avoid confusion with notations, we use capitalized letters to denote realization of random
variables. For example, we use RX; ;A to denote the realization of excess return for the period
from ¢ to ¢ + At. We also use hats to denote the empirical estimates of variables. For example,
we use E (RX¢1+a¢) to denote the estimated unconditional mean excess return, or the estimated

unconditional premium.

As we simulate daily returns, it is easier to distinguish sample days with and without announce-
ments. To be specific, we let A and A be the sets of announcement and non-announcement days,

respectively.

3.1 Empirics
3.1.1 Data and methodology

We obtain daily stock returns from the Center for Research in Security Prices (CRSP) for all the
individual stocks traded on NYSE, AMEX, NASDAQ and ARCA from Jan 1961 to Sept 2016. We
use the daily excess returns of Fama-French 25 portfolios and industry portfolios provided by Kenneth
French. In addition, we also use the daily market excess returns and risk-free rate provided by Kenneth

French.

The scheduled announcement dates before 2014 are provided by Savor and Wilson (2014). We
manually add the dates of the Federal Open Market Committee target rate, Bureau of Labor Statistics
inflation and employment announcements after 2014 to the data set following the approach by Savor
and Wilson (2014).

We define the excess daily returns (level) as the daily return of an asset in excess of the risk-free
rate given by Kenneth French, and log excess return as the difference between the log daily return

and log risk free rate.

3.1.2 Beta-sorted portfolios

Following Savor and Wilson (2014), we start with constructing 10 beta-sorted portfolios with US
equity data. The beta-sorted portfolios are portfolios constructed according to one stock’s CAPM

market beta.

13



We consider all stocks traded on NYSE, AMEX, NASDAQ and ARCA from Jan 1961 to Sept
2016. The portfolio compositions are updated monthly. At the end of each trading month, individual
stock’s market betas are estimated using daily excess returns with a 12-month rolling window. To
ensure the accuracy of estimates, we only include stocks which are available for trading on more than

90% of the trading days in the sample for beta estimation.

After finishing estimating the betas, we compute the 10 quantiles of the stock betas, and then
assign individual stocks to 10 different portfolios accordingly. The portfolio returns are value-weight
averages of the individual stocks. As a result, we obtain the time-series of the daily excess returns of

10 beta-sorted portfolios.

3.1.3 Excess return v.s. CAPM beta on announcement and non-announcement days

The main message of the empirical analysis is delivered in Figure 1 and Table 1.

We compute the mean excess returns of the ten beta-sorted portfolios on announcement and non-
announcement days, respectively. In addition, we use the market excess returns and compute the

corresponding CAPM beta of the portfolios on those two type of days.

We can see that the CAPM beta estimated on announcement days and non-announcement days are
nearly identical for each portfolio. The volatility, measured by standard deviation of excess returns,

also remains nearly identical.

We can also see the announcement premium described by Savor and Wilson (2014). The security
market line of the portfolios on announcement days seem to be associated to a much higher slope than
that on non-announcement days. In addition, it appears that the market beta is capable of explaining
the cross-sectional variation in mean excess returns on announcement days, as the risk premium

realized on announcement days appears to be proportional to the CAPM beta.

3.2 Simulation

In this part, we focus on evaluating the performance of our model through simulation.

We start with calibrating the aggregate economy with multiple equity assets (or portfolios). The
parameters are mainly from Wachter (2013). In our simulation, there are 240 trading days per year,
and one announcement day every ten trading days. This specification can reflect the fact that there are
approximately 2 macro-economy announcements in each calendar month, while keeps the simplicity

of simulation.

We choose \, ¢an, dBa, AP and A\C such that the the unconditional jump intensity for the two

Poisson processes together is 3.55% per annum, a number which we take from the work of Wachter

14



(2013) and Barro and Ursta (2008). In addition, we employ the samples of rare consumption decline
from Barro and Ursda (2008), and assume that the distribution is multinominal in out model. ¢gp
implies that on average it takes 20 years for an economy in good state to switch to a bad one, while
¢ implies a average length of 3 years in bad state. For simplicity, we let A& = 0. The bad state

can then be understood as a period with much higher chance of diasters.
The details of parameter choice are reported in Table 2.

In our simulation, we have 12 firms (portfolios) with different leverage levels ¢, and set the
announcement at the middle of the announcement days. This allows us to quickly compute the daily
returns of the assets by facilitating end-of-day prices while avoiding the prices right before and after

announcements.

We run 500 parallel simulation samples. Each sample runs 100 years (or 240 x 100 periods). We
drop the first 50 years of observations in order to obtain a stationary distribution of the state variables
at the beginning of each sample. In addition, we focus on samples that always remain in the good
state and without disaster realization in the second half. This is obtained by re-sampling the sample
path of state variables (state, rare events, etc) until we obtain a path that meets our criteria. In fact,
by such sampling strategy we can obtain a stationary distribution of state variables at the beginning

of samples, conditioning on that there is no rare events.

3.2.1 Simulated moments

For each simulation sample, with the simulated state variables, we then can employ (18) and obtain
a time series of asset prices {Ftk}t. Then we use the following approximation to compute the time

series of daily returns of assets.

K K
Fyae + Do aeAt

RY ~
tt+AL P
_ Df 0 /Gy ae + DE A A
DkGk
. . t Ut o)
_ Dipne Gipne + At
DF Gk
GF o ay + At
~ exp {ipAt — 0.50°At + o(Bearar — Bea) ) %,
t
where At = 1/240.
The risk free rate is approximated by
R{ = exp(riAt). (33)
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The daily excess return of asset k is then

RXZC,tJrAt = Rﬁwm - R{ . (34)

In addition, the log excess return of asset k is defined as

log(1 + Rf,t+At) — log(1 + Rf) = log(1 + R§t+At) — riAt.

For each simulation sample, we use the value-weighted average of the portfolios excess returns
as the market. Specifically, we enforce that all assets have same values at the beginning of the second
half of each sample, (as we only keep the second half for statistics calculation), and then let the
values vary with state variables. We then can use the excess returns on announcement and non-
announcement days to compute portfolio CAPM beta on those two types of days, respectively. In

addition, we compute the mean excess returns of the portfolios on the two types of days.

The main feature we want to show with respect to our model can be summarized in Table 3, 4 and

The medians of the simulated mean excess returns, volatilities and betas for the 12 beta-sorted
portfolios on announcement and non-announcement days across simulation samples are reported in
Table 4. The median volatilities and beta on two types of days are nearly identical in the simula-
tion samples, while there is a spread between the mean excess returns on announcement and non-
announcement days. The reason is that the time-varying probability of type 2 disasters is the main
driver of volatilities attach to the assets as well as the aggregate market®, and as a result moments asso-
ciated to volatility, including volatility and beta, are unaffected on announcement days. However the
announcements are associated with a premium, and on sample paths where there is no regime switch,
the volatility associated can not be observed. As a result in statistics it appears that the premium is

not associated with a higher level of risk.

Figure 3 delivers the boxplots of distribution of the mean excess returns on announcement and
non-announcement days across simulation samples. We remove the outliers detected by the boxplots

for the sake of clarity.

In addition, the simulation result for mean excess returns essentially captures the fact that CAPM
beta is able to explain the cross-sectional variation in portfolio mean excess returns on announcement

days. The reason is that the assets have the same loading on the two types of disasters.

We then turn to the Fama-MacBeth type regressions utilized by Savor and Wilson (2014). In fact,

we run the following cross-sectional regressions

See Wachter (2013).
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E(RX[ |t € i) = 8:85 +f, (35)

where © = A or N. With the simulation moments, we can easily build the 90% confidence interval
under our model. The results are reported in Table 3. The 90% confidence interval constructed can
well cover the empirical results, and suggest that the spread between the announcement and non-

announcement day security market line slopes is significant.

Table 5 delivers similar message on the portfolio level: for each simulated portfolio, the difference

in mean excess returns on the two types of trading days is significant, and appear to be proportional
to the CAPM beta.

In addition, we also compute the summary statistics of the market portfolio, and the results are
shown in Table 6. The important feature here is that the volatility of the market portfolio is the same

on two different type of days, while the mean excess returns appear to be quite different.

3.2.2 Variance Ratio

We calculate the quarterly variance ratios of the portfolios on announcement and non-announcement

day returns, similarly to the work done by Savor and Wilson (2014).

Specifically, for each calendar quarter, we compute the sum of the log daily excess returns on
announcement and non-announcement days, respectively, and obtain the quarterly log announcement
and non-announcement day returns. The quarterly returns are then used to compute cumulative of

multiple quarters and then the variance ratios.
The results are reported in Table 7 and Figure 4.

One key fact of our computation here is that we compute the variances using sample variances,
instead of the average squared returns. As pointed out by Barndorff-Nielsen and Shephard (2002),
we need the sample path of returns to be continuous in order to correctly obtain the volatility using
the squared return. However, in this case this condition does not hold as the model implies a jump in

prices after announcements.

For reference, we also plot the variance ratios if we use mean squared return to estimate the
unconditional variance. It is straightforward to see that the 90% confidence interval gets much wider,

and the variance ratio does not move back to 1 at horizon of 20 quarters.

In fact this is again consistent with the fact that the premium on announcement days are much
larger than on non-announcement days. To better understand the reason, consider a simplified model

where the returns are 4.i.d. Let r; ;4 be the log return over a period with length [ starting at time ¢.
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We have mean squared return that follows
E(ris) = var(roe) + E(rg)*, (36)

As | grows, var(ry4;) grows at rate [ while E(ry;4,)* grows at rate [2. Then as [ — oo, the

E(rt7t+l)2 term dominates and the variance ratio statistics, computed by
42
7
ttr
VR= "2 37)
UX 774

will grow at a rate of [. The effect will be particularly large at smaller {’s if E(r; ;) is fairly large,

which is the case in our analysis on announcement days.
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Appendices

A Solving the representative agent’s value function

To begin, we define

p=Pr (O, = AP| ) (A1)
T=tmodT (A2)
po(t) = Ps(e)s (A.3)
where
s(t) = max{s: s < tand ¢t mod T = 0}. (A4)

Let J;(f) be the change in a random variable or function f associated to type-j Poisson arrival,

and J;(f) be its expectation with respect to the distribution v.

A.1 The dynamics of p;

We start with solving the probability of bad state based on the agent’s information set.

When 7 € (0,T), or when the economy is in a non-announcement periods, for each dt, a measure
of (1 — pt)papdt will become bad state; in addition, a measure of p;¢pedt will become good state.

This leads to a change of [—pi¢pa + (1 — pr)dap]dt, and the following dynamics of p;:

dps = [-pdBa + (1 — pr)daB) dt = [—pi(daB + dBG) + daB] dt. (A.5)

This implies that the dynamics of p; is in fact non-stochastic between two neighboring announce-

ments:

= De ¥BGtocB)t %737 (A.6)
bt ¢aB + ¢BG

where D is some un-determined constant.

Upon announcements, the value of Ay ; is fully revealed, and p; can only take values O or 1. This

implies that p; in fact is a function of 7 and po(t). We call this p(7; po(t)), and then obtain

p(mspo(t)) = <p0(t) - %ij’im) e~ (baptoBE)T 4 <Z>c;1jszﬁBG (A7)
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A.2 Representative agent’s continuation value

Lemma A.1. In equilibrium, the representative agent’s continuation value, as a function of the rep-

resentative’s consumption, C, and state variables py, po(t), Ao and T, is given by

1 _ _
J(Ct’pt’pO(t)a >‘2,ta 7—) = ﬁctl Vl(ptap0(t)a )‘Q,ta T)l ’7’ (AS)

where
I(pe, po(t), Aaye, 7) = exp{a(7;po(t)) + bpp + bada,}, (A.9)

and the coefficients are given by

(AB —XE)E, [e0%10 1]

= A + dan + 650) (10
by = (1_17)03\ (5 + K — \/(5 +r)% — 2U§[Eu€(177)z2’t - 1]) . (A.1T)

and

1 1 - G
a(r3po(t)) = Gpoye”™ + 3 (u - 5702 + bpdaB + bakA + T [Eue(l"”zl’f - 1D . (A12)

Co and (1 are the solution to the following system of equations:

(1= (o’ +bpp) _ pCe=MC+be) 4 (1 — &)=

1= Qe T+0pp%) B (1=m)(tbn) 4 (1 — (A13)

where p& = p(T~;0), pP = p(T~; 1), and the function p(T; po) is defined as

oG > —(¢aB+9oBG)T ¢GB
Tipo) = - e +—
p(T: o) (po ¢aB + OB $aB + OB

Here E,, is the expectation with respect to distribution v.

Proof. Let J(Ct, pt,po(t), A2+, T) be the representative agent’s value function at time ¢, given the
representative agent’s consumption Cy, py, po(t), A2 and 7. For 7 € [0,7T), the optimality im-

plies that J(C, pt, po(t), Aa2t, T) should be characterized by the following Hamilton-Jacobi-Bellman
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Equation,

0 aJ oJ oJ -
C, J, —+ —=C — |- — —k(Ap — A
f( [2) t) + 8’7— + ac tlu’+ ap [ p(¢GB+¢BG) +¢GB] a)\K’( 2t )
10%J 5 5 102J 5
Toac i T gy
+ [PAZ + (1 = p)AC] T (J(Crypr, po(t), Aoty 7)) + X2t To (T (Chy p, po(t), Aoy, 7)) = 0.
(A.14)
When 7 = 0, or upon announcements, agent’s value function at £~ can be written as
Vi-=F [/ f(CS,VS)ds|]:t_]
t
~p|e] [ sc.vias| 7] 17 (A15)
t
= E |:‘/t | Ft*:|7
or equivalently,
J(Ct* 7pt*7p0(t7)7 )‘Z,tf ) Tﬁ) =F [J(Ctaptvp()(t)) )‘Q,t) O)“Ft*:| . (A16)
Note that, C; and A2 ; does not change upon announcements, we then can write
J(Ctvpt_ap()(t_)v )\2,257 T_) =F [J(Ctvptvp()(t)? )\2,257 O) “Ft_i| ’
for ¢ such that ¢ mod 7' = 0.
Conjecture that
1 _ _
J(Ct7pt7p0(t)7 Az,ta T) = ﬁctl FYI(phpO(t)? )\27?57 T)l ’Y7 (A17)
where
1(pe, po(), A, ) = e () thamtinran, (A.18)
We first know that under this specification, we have
jlngéChpt’po(t);\AQ’t’ T)] = El/ [6(1_7)21’)5 - 1]
t
(Ct,pt; po(t), A2t, T) (A.19)

T2 [J(Cr, pe, po(t), Ao, 7)] E [e(lﬂ)z‘“ B 1] 7
J(Ct,pe,po(t), Aoy, T)
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where E,, denotes the expectation with respect to distribution v.

Plug (A.17) into (A.14) and then divide both sides by .J, we obtain the following equation:

= B(1 =) |a(mpo(t)) + byp + brda.
+(1- W)gCTL(T;Po(t)) +(1—=y)ic+ A =)by [-p(daB + dBa) + daB] — (1 —7)bak(Aa; — A2)
— (=)0 + (1= 7 Rodha
+p(AE — DB, [e<H>Zu - 1] + %R, [e“ﬂ)Zu - 1] + Aoy [Eye“ﬂ)Z?vt —1| =o.

(A.20)

Collect the coefficients of Ao ; and p;, we can obtain the following equations:

—B(1 =y — (1 = Nby(dar + dpc) + (\F = \9)E, [e“*v)Zlat — 1} =0

1 2,2 2 (1—y)Z (A.21)
~B(1 = )by = (1 = )brk + 5 (1 =)0} + B, [e N2 _ 1} —0.
Then we have
(AB = XA E, [0 — 1]
b, = v (A.22)
(1 =78+ dcB + éBG)
We also have the following quadratic function of by:
1 2,2 1 (1-)Z
2= MRR = (B )b + 1B, [e Nz 1} —0, (A.23)
which has the following solution’:
by = ! 2 —202E, [e(1=7)%21 A24
A—m B+ Kk —1/(B+kK)?— 208 1/[6 ’—1] . (A.24)
Finally we solve a(7;po(t)). a(7;po(t)) is characterized by the following O.D.E:
— B(1 = )a(r;po(t))
da - 1 _
+(1=9) 2~ (T po )+ (1=)fic+(1=Nbpdas+(1=1)brrA =51 (1=7)0*+AE, [6“ Mo 1

See Tsai and Wachter (2016) for details about choosing the solution to by.
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Or equivalently, we can write the following O.D.E:

Oa

. i N L ¢ (1=7)Z14
E(T,Po(t)) = Ba(7;po(t)) — fic + 30— bpdcB — baKA — EEV [8 — 1} .

Then we have the following general form of a(7;po(t)):

G
E, [e“—ﬂZLt . 1D . (A25)
v

where (; and (p are two un-determined constant terms. We will solve them in what follows.

1 1 - A
a(Tipo(t)) = Cpo(t)eﬁT + 3 (u — —v0? + bpydap + bk + I

2

Condition A.16 gives another restriction on a(7; po(t)):

exp {(1 =) [a(T73p0(t7)) + (T3 p0(t7))]} = B exp {(1 =) [a(05p(1)) + bpp(0sp(0)] } |- |
for po(t~) and po(t) being 0 or 1.
Define p© = p(T~;0), p¥ = p(T ;1)

This leads to the following system of equations,

6(1*7)(CoeﬂT+prG) — pGe(l_’Y)(Cl‘f‘bP) + (1 _

6(1_7)(4165T+bpp3) — pBe(l_'Y)(Cl""bp) + (]_ _

which uniquely pins down (p and (7.
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A.3 The state price density

Lemma A.2. The process of state price density, m;, can be characterized by the following equation:

t o _ _
Tt = ,BeXp {/ Wf(CS) ‘/;)ds} Ct ’yl(ptapo(t% )\27157 T)l 77 (A26)
0
where I(pg, po(t), Aat, T) is defined by Equation A.9.

Proof. We know that,

t 9 0
i = exp { | g vs>ds} 2 (v (A27)
We also know that
0 B Vi
%f(ct,Vt) =B(1- 7)@
TN 7)"HC) T (pe, po(t), Ao, ) (A.28)

C
= BC;’YI(ptap()(t)? >\2,t7 7_)1—7.

Combining Equation A.27 and A.28, we can then get

to _
mi=Bep{ [ G HC Vs O (o) )
0

O
Proof of Theorem 1. We know that
if(c V)—i(ﬁ(lf Wi log Cy — BV log[(1 — )V]>
ov I T T gy V) Veiog L t log )V
= B(1—7)log C; — Blog[(1 —7)V;] — B (A.29)

= —B{14+ (1 —[a(r;po(t)) + bpp + baray]} -
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Then by It6’s Lemma, with Equation A.26, it is easy to show that during non-announcement periods,

B[ 0 Dalrm(0) + 0= b+ (= e + (-5 Lt
—yudt + (1= 7)by [=popc + (1 = p)darldt — (1 = )bar(Aar — N)dt

1 1
+ 5’)/(7 + l)Uzdt + 5(1 — 7)2b§\J§A2,tdt

—v0dBey + (1 — 7)baoay/ A2, dByy
+ (€7 = 1) dNy g + (€772 = 1) dNpy. (A30)

Clean up, and with the Equations that characterizing a (7'; po(t)), b, and by, we then have

? _ {5 + o — ’yO’2 + X(p) [Eye(l—“/)Zl,t _ 1] + )\Q,tEl/ [6(1—'7)Z2,t _ 1]) dt
-

—y0dBey + (1 = 7)baoay/AedBag + (€777 — 1) dNyy + (e77720 — 1) dNyy,
(A.31)

where A(p;) is as defined before.

We can further clean up, and get®

dm _
7r7t = —{B+fic —vo* + A(p)E, [e_q'Z“(eZ“S —1)] + A By [6_72“ (eZ2t — 1]} dt
-
— XNp)Ey[e7 770 —1]dt — Ao B, [e 772t — 1]dt
—70dBey + (1= 7)broay/AopdByy + (€777 — 1) ANy + (€772 — 1) dNay,
= —rdt — N(pe) By [e 770 — 1]dt — Aoy By, [e 7772t — 1] dt
—v0dBey + (1 — 7)baoar/AodByy + (7770 — 1) dNyy + (€777 — 1) dNoy.
(A.32)
For 7 = 0, or upon announcements, we can see from the derivation of I(p, po(t), A2,¢, 7) that
there is a jump of p; and po(¢) after the revealing of A\; ;. This then can be characterized as

o (1) (@(0:po (£))+bpe)

T A.33
= e(1=7)(a(T;po(t~))+bpp,—) :Vpo(?). ( )

By the smooth condition of the value function, we know that

Tt -
E [wt— - 1‘;5_} ~ 1. (A.34)

8See Wachter (2013) for solution to 7+.
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Intuitively, one dollar paid immediately after the announcement should have price 1 right before the

announcement, as there is no maturity allowed for discounting.

O]

A.3.1 State price density on announcements

Proof of Corollary 2.1. We want to show (o > (1 + b,. We prove this by contradiction.
Suppose that (g < (1 + by,

Note that, the system of equations that determines (g and (; is given by

(1= (Goe?T+bpp®) pCGell=NCFbe) o (1 — p&e(1=7)C

6(1_W)(C165T+bppB) — pBe(lf’Y)(Cl+bp) + (1 _ pB)e(1*V)CO

)

Obviously, 0 < p® < pP < 1, given that T > 0.

This then implies that

(1= 7)G = (1 =7)(Goe” +bpp) = (1 = 7)(Cre” +bpp”) = (1 —7)(C1 +bp),
as 1 —y < 0. We have
Co < o€’ + bp©
= — byp? < G’ - 1)
=y > 0, ase’T —1 > 0,6, <0.
Similarly, we have
GeT + byp” < G+ by
=G (T —1) < by(1—p?) <0.
= < 0.
However, this means that

C1+bp < 1 <0< (o,

which is a contradiction. O
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B Pricing equity

In this section we start with characterizing the process of the price for dividend claim. Then we use

the characterization to solve the price of dividend assets.

B.1 Pricing zero-coupon risky dividend payment during non-announcement periods

Lemma B.1. Ler H, = H(Dy,pt,po(t), Aot, T,t* — t) denote the time-t price of a future dividend
paid at time t*, then

* T
H(Dtaptap()(t)? )‘Z,ta Tat - t) = Et |:7:Dt*:| . (Bl)
t

Moreover, during non-announcement periods, or for t such that t mod T # (0, there exist processes

HHt = /’LH(thtapO(t)a /\2,t77_7 t* — t) and OHt = UH(Dtaptap0(t)7 >\2,ta T, tr — t)’ such that

T = et + omgabe+ S any - L ay (B.2)
and _ -
[H + Bt + O f0n i+ A(D2) jlgift) + Ao jQI(th) =0. (B.3)
Proof. Part 1 follows the definition of state price density.
Obviously
mHy = Ey(mp Hyr ), (B.4)

or m; H; is a martingale.

Locally, there exist processes jir+ = fui (Dy, pe, po(t), Aoy, 7, t*—t) and oy = o (Dy, pe, po(t), Aoy, T, 15—
t), such that

dH; Jh(Hy) J2(Hy)
—_— = dt dB dN dNos ;. B.5
o, paat + ogdby + H,_ 1t + H,_ 2.t (B.5)
Then by Itd’s lemma, we have
t+AL t+AL
Ht—i—Atﬂ't—i-At = Htﬂ't + /+ FSHS(/“’LH,S + Hr,s + 0'[——9750'7r,s)d5 + /+ WSHS(O—H,S + Uw,s)st
t t

+ Z Z (WSJ'JHSJ’J B ﬂ—sj,l* Hsj,r)’ (B.6)

j=1,2t<s;  <t+At

for some arbitrarily small At such that ¢ and ¢ + At are in the same non-announcement period. Here

Sil = inf{t : Nj,l = ]}, j = 1, 2, (B7)
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are the arrival times of the two Poisson processes.

Note that, V s, such that t < s <t + At, s # s;, Vj, J(Hym) = 0. As aresult we can write

t+At
Z (ﬂ-sj,lejJ - 7TSN_ Hsj,l—) / %(Hsﬂ's)ds,j =1,2. (B.8)
t<sj <t+At t*
Obviously,
t+At
E, > (me Hey —m,, Hy )= / Ji(Hsms)ds| = 0,5 =1,2. (B.9)
t<s; 1 <t+At b
In addition, we can write
t+At
0=FE | > (g Hy—m, Hy | ) / Ji(H,rs)ds
t<s; <t+At t+
(B.10)
t+At
=F, Z (ms; Hs; ) — T, |- Hsj,lf) —/ E|J;(Hsmg)ds | Fs-ds
t<sj <t+AL tr
As a result’,
At |
E, > (me Heyy =7, H ) —/ Aps)Ji(Hms)ds | =0,
t<sy <t+At t+
- (B.11)

Ey

by

t<s0, <t+AL

(7782,1H

52,1

“Here Law of Iterated Expectations is used.

t+At _
_7T321—H32l—) —/ )\Q’SJQ(HST‘-S)dS
El ’ t+
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We then can rewrite Equation B.6 as

t+At
Hi n¢Tipent = HHTH-/

t+

jl(HsT(s) jZ(HsTrs)
T M )

msHs (MH,S + Urys + 0-1—5,50-71',8 + X(ps)

(1)

t+At
+ / WSHS(O-H,S + Uﬂ',s)st
t

+

2
tHAL -
+ Z (ﬂ'suHsLl - 7['51’1_ Hsl’l_) - /t /\(ps)jl (Hsﬂ's)ds

t<slyl§t+At

t+AL B
+ Y (mey Heyy — s, H, ) — / X5 Jo(Hsms)ds. (B.12)
t<sy <t+At

Since Hym; is a matingale, the time ¢ expectation of Hy Ay a¢ must be Hymi. In Equation
B.12, (2) apparently has expectation O at time ¢, and (3) and (4) are showed to have expectation 0.
As a result, the integrand in (1) must be 0, Vs. Since Hgsms > 0, Vs. Extend this argument to any

arbitrary ¢, we obtain

J1(Hyme) T2 (Hyme)
+ A2
Htﬂ't Htﬂ't

[+ g+ Ol Ong + ALy =0, Vt. (B.13)

B.2 Pricing a stream of dividends during non-announcement periods

Lemma B.2. Let Fy = F(Dy,pt,po(t), Ao s, T) denote the time-t ex-dividend price of a future divi-
dend stream {DS}se(t,oo)’ then during non-announcement periods, or for t such that t mod T # 0,

there exist processes jipt = pup (D, pt,po(t), Ao, T) and o g = o (Dy, p, po(t), A, T) such that

Dy 1 v J(mFy) J2(mi )
7 — Ap)———+ Xt ————-= =0. B.14
R e L () Py R (B.14)
Proof. Obviously by non-arbitrage we have
o0
F(Dy, pt;po(t), Aoyt 7) Z/ H(Dy,pt, po(t), Ag,t, T, 8)ds. (B.15)
0

Again we know that locally there exists ptp s = pp(Dy, pr, po(t), Aot 7) and oy = o p(Dy, pr, po(t), Ao, T)
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such that JF 7(F, )
= prdt + opydBy + dNy } L
Y

TJ2(Fy)
Ft* ’

Fy-

+ dNQ’t

(B.16)

Let HH(s),t = NH(Dtaptvp()(t)) )\Q,t) T, S) and O-H(S),t = UH(Dt7pt7p0(t)u >\2,t7 T, 5)9 s € [O) OO)
Apply Itd’s lemma on both sides of Equation B.15, and we get

oo
F(Dtaptup0(t)7)\Q,tyT)UF,t Z/ H(Dtvpt7p0(t)7)\2,t77—a S)UH(s),tdS' (B.17)
0

In addition, we have

%(FtF(Dtaptap(](t)a)‘Q,taT)) = '-7] <7Tt/ H(Dtaptap(](t)a)‘Q,taTa 8)d8>
0
B (B.18)
:/ %(WtH(Dt)ptapo(t)v>\2,t77—5))d87j = 172
0

The second equality holds due to the definition of operator 7. Take conditional expectation of both

sides with respect to Z;, and we have
p— oo —
u7j(7TtF(Dt7pt7p0(t)7A27t77—>) - / %(WtH(Dt,pt,pO(t),)\Q,t,T, S))dS,j = 172 (B19)
0
Finally, by the definition of dF'(Dy, pt, po(t), A2+, T) we can see

oo
F(Dtaptvp0(t)7AQ,th)MF,t — / H(Dtaptap(](t)v)‘Z,thv S):“’H(s),tds - Dt~ (BZO)
0

Dy term shows up as H (D¢, pt, po(t), Mg, 7,0) = D;. Then we have

T (T Fy) +/\ T2 (T Fy)

D _
WEt + —ty U;.-r’tO'F,t + A(pt)
¢

I i Fy 2t e Iy
:;t </OOO Ht(S)NH(s)ﬂgdS) + éa;t /Ooo H ()0 p(s) 15
+ S\(Pt)% /000 Ji(meHy(s))ds + )\Z’tﬂtlFt /000 Jo(meHy(s))ds
:;t /Ooo Hy(s) (MH(s),t + O'I,tO'H(s),t + )\(pt)ﬂ'tlfft Ji(meHe(8)) + Aoy 7Tt1Ht jQ(ﬂth(S))> ds

Fi

— = | Hi(s)d
ey [ H)s

- — ;uﬂ,ta

—1Ammwmwmm3
1

(B.21)
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where Hy(s) = H(Dy,pt,po(t), Ao, T, S).

Reorder, and we can get

Dt T - jl (WtFt)
Pyt + pEg + 7 + 010k + Apr) ) + Ao o F,

B.3 The premium of a dividend stream claim during non-announcement periods

Lemma B.3. For a asset with claim to a stream of dividend with time-t price F'(Dy, pt, po(t), Aat, T),

its instantaneous premium during non-announcement period is given by

3 J1(me) J1(F Jo(m) Jo(F;
—o) om0 — Ap)E, i(m) Si(F) — Ao, 2(me) Jo(Fy) | (B.22)
' Tt F Tt F
Proof. The expected instantaneous return of a dividend stream F'(Dy, ps, po(t), Aa¢, T) is
(dF; + D.dt)/ Fy
Et
dt ) )
Dy <, | Ji(Fy) J2(Fy)
= 4+ A
WEt + F + A(pe) 7 + A2y 7
T < AmE) <, Ji(F) To (i Fy) Jo(Fy)
= —lrt — —AMpy)—/———=+ A - A A
Mrt — OptOFt (pt) o F, + A(pe) 7 2.t o F + A2t T,
T o Am) <, h(mE) <, J(F) Jo(m) To (i Fy) Jo(Fy)
=1y — — — 4+ Ap)——= + A - A
Tt — 010 F + ANpt) P A(pt) o, + A(pe) 7 + Ao . ) R
_ F F
1 — oL oms — A(p) By Ji(m) Ji(Fr) ~ \osE Jo(mt) Jo(F2) ,
’ Tt Ft Tt Ft

(B.23)
where r; is the instantaneous risk-free rate. Subtract it from the formula above, we obtain the instan-

taneous premium. O

B.4 Pricing of levered consumption claim dividend assets

To simplify notations, we only consider one single asset with loadings on disasters being ¢. The

process of the dividend is then given by

dD
?’f = fipdt + 0dBcy + (€?71t — 1)dNy 4 + (€272t — 1)dNay, (B.24)
t

where ¢ is the leverage on disasters.
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Lemma B.4. The time-t price of the claim to time-t + s dividend, Dy s, with dividend growth process
given by (B.24), is

H (D¢, pt,po(t), A2, 7, 5) = Dyexp {ag (7, 5;p0(t)) + b p(s)pr + bpa(s) A2t} (B.25)

where

(/\B - )\G)El, [e(ﬁb*'Y)Zl,t _ 6(1*7)214 (

bonls) = oG + daB

1— e—(¢BG+¢GB)S) ) (B.26)

by, x(s) is the solution to

db¢7)\(5)
ds

= %oib(w\(s)Q + [(1 = 7)bro3 — K] bya(s) + By [M*”Zw — e<1*7>Zw} . (B2

with boundary condition
by (0) = 0.

ag (7’, s; po(t)) is given by

ag (T, s;po(t)) = h(n, T, s;po(t))+/ (—ﬁ —u+ap +\°E, [e(‘ﬁfwzt — 6(17"/)275} + ﬁj\bw(u)) du,
0
(B.28)
T+s

wheren = [ + ] is the number of announcements before the maturity, and h (n, T, S; po(t)) is defined

recursively by

1. h(0,7,5;0) = h(0,7,s;1) =0.

2. Fork=1,2,3,...,n

]’L(k‘, T, 8; O) = log {pG eXp(l—”/)(a(O;l)+bp)+h(k:—l,T,s;l)+b¢,p (S*—l—(k—l)T) +(1 . pG) eXp(l—v)a(O;O)—&—h(k—l,T,s;O) }

~bop(s” 4 (k= DT)p% = (1 =)y — (1= 7)a(T:0)
h(k, 7, 5:1) = log {pB exp(lﬂ)(am;l”b””h(kfl’T’S;l)+b¢’P (s +(k-1)7) +(1 —pP) eXp(lf’v)a(O;O)Jrh(k—1,7,s;0) }

—bgp(s*+ (k= 1)T)p” — (1 = y)bpp” — (1 = y)a(T;1),

(B.29)
where s* = (T + s) mod T.
Proof. We conjecture that the time-t price of D, is
H (D4, pt, po(t), Aat, 7, s) = Dyexp {ag (7, $;p0(t)) + bpp(s)p + by a(5) A2t } - (B.30)

We start with showing the effect of announcements on asset prices that can be written in the form
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of (B.30).

We know that, for ¢ such that ¢t mod 7" = 0, we must have

D;- exp {%(T_, s+;p0(t_)) + b¢,p(s+)pt* + b(b,)\(3+))‘2,t*}
e(1=7)(a(0;po(t))+bppt)
e(1=7)(@(T~5po(t~))+bpp,—

) X Dyexp {ag(0,5;00(t)) + b p(s)pe + by a(5) A2} ‘]:t_] .
(B.31)

Note that Ay ;- = Az, s = s and D;— = Dy, with the solutions to by ,,(s) and by »(s) before,

we then have

exp {ay(T™,5;p0(t)) + by p(s)ps- }

e(1=7)(a(0;p0(t))+bppe)
= £ | i@ m @) o) x exp {ag(0, 5 0(0) + by (Spi} | | (B3

where we use the fact that p(0; po(t)) = po(t) = p; when ¢ mod T = 0.

Note that, when ¢t mod 7" = 0, p; can only take value O or 1, and p;— (which equals to p(T;po(t7)))
is a function of po(¢~) only, we then can see that given s, the left hand side of (B.32) is only a function
of po(¢t™). This then can imply that (B.32) can be extended into a two-equation system, which allows

us to recursively solve for ag (7, s; po(t)). We will return to this later.

During non-announcement periods, with It6’s Lemma, we know that

- 8a¢ 8a¢ 8b¢7p ab¢7>\ 1 2 92
WHt = D + or - Ds - Ds bt — Os )\2,t + §b¢,A(S) U,\)\Zt
+ by pl—PPBG + (1 — p)dcB] + bsr(s)[—r(A2t — A2)]

da Oa -
=[Up+ — — s + bd)’pd)GB + b¢,,\(s)n)\2

or 0
b ob, 1 N
+ (— 8‘? —bgp(PBG + ¢GB)> pe + (— a? + boa(s)’oX + HA%,A(S)) Az, (B.33)

-
OHt = [U, by r(8)oN )\2,4

fims = —(B+ 1 —~02) — Ap)E, [ékw)zu . 1} — AuE, [6(177)22”5 - 1] (B.34)

Ont = [—70, (1-— ’y)bAa,\\/E}T .
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In addition we have

7
Ji(Hyme) =B, @M% 1| j=1,2. (B.35)
HHTt

So we end up with the following equation,

_ da da _
up + 37:) — 878(25 + by pcB + b¢7,\(8),‘£/\
ob , 8b¢, 8b¢,)\ 1
+ <8f_p - Wp - b¢,p(¢BG + ¢GB)> Pt + <_ Js + §b¢7)\(8)20'§\ — Kb¢7A(S)> )\2’t

— (B4 1 =70%) = PC 4 (AT = AN B, |00 1] a0 %20 ]
— ’7(72 + (1 - 'y)b)\bqg)\(s)ai)\zt
+ [AG 4 p(AB — X9 B, [e@’ﬂ)zl’t - 1} + Ao By [ew*ﬂzw - 1} =0. (B.36)

We first collect the coefficients of p;, and get

(=252 — (0 -+ denlbig(e)) + (N = A, [0 - 2] —0, - @30

which is equivalent to the following ordinary differential equation,

ab‘g’; ) _ (680 + bam)bsp(s) + (O — X9, [ew‘”zw — e“—”zw} : (B.38)

with boundary condition
be.p(0) = 0. (B.39)

This yields the following closed-form solution to by ,,(s):

(A —X9E, [€(¢_7)Zl,t - 6(1_'7)21,15}
¢BG + daB

bop(s) = (1 emtonarrocn)s) (B.40)

We next collect the coefficients of Ao ¢, and get

B 8b¢,,\
0s

1
+§b¢,>\(3)20§—/fb(b,)\(s)+(1—7)b,\b¢7,\(s)ai+El, [e(qﬁ—v)Zz,t - e(l_W)Z“] =0. (B.41)

So we showed that by »(s) is the solution to

dbg A (s 1
<Z:l)\s( ) — 50’3\1)@57)\(5)2 + [(1 - ’y)b)\Ui — I{] b¢’>\(5) + E, |:6(¢—’Y)Zz,t _ 6(1—7)22,,5} . (B.42)

with boundary condition by »(0) = 0.
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Finally we solve a(7, s;po(t)).

We collect the remaining terms, and get

day, O :
% - % + fip + KMo A(s) = B = fic +70% + AOE, [l — 10 2] — 0. (B.43)

This gives us the following partial differential equation of a, (7'7 S; Do (t)):

8@4, 8a¢ . _ _ G (p—7)Z1,¢ (1=7)Z1,t \
B Bs =p+pc—pp —ATE, [6 —€ } — KAbgA(5), (B.44)

with boundary condition
ag(7,0;po(t)) = 0,7, po(t). (B.45)

Note that, (B.44) only holds during non-announcement periods.

Then for s < T'—T, or assets that will mature within the current announcement period, we have!?:
S
ap(7,8;p0(t)) = —s {B + fic — ip — \9E, ee=NZe _ e(l_V)Zt} } + /@'5\/ by (u)du. (B.46)
0

For s > T — 7, or assets that will experience at least one announcement, and we need to solve the

coefficient recursively using the following algorithm:

1. Letn = [TT*S] . Then n is the number of announcements before the maturity of the asset. In ad-
dition, compute s* = (7 + s) mod 7', which is the time remaining after the last announcement

before maturity.

2. Compute
ap(0,5%:0) = ay(0,5%1)
= —5* {B + fic — fip — A\YE, [e(‘b_”)zl’t — e(l_W)Z“] } + KS\/ bpx(u)du. (B.47)
0

They provide the coefficients right after the last announcements before maturity, given the

revealed regime.

3. fork=0,1,2,...,n — 2, do the following computation:

'0This is solved using characteristic function of partial differential equations
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(@) Solve ag (T, (s* +kT)~;0) and ag (T, (s* + kT)~;1) by
ap (T, (s" +kT)7;0) =
log {pG exp {(1 — ) (a(0;1) +by) + ap(0, 5™ + kT3 1) + by (s* + kT)}

+ (1= p%) exp {(1 = 7)a(0:0) + ag(0, s* + KT 0)}}

— by p(s* + ET)p — (1 = )bpp® — (1 = )a(T7;0) (B.48)

ap (T7,1,(s" +kT)") =
log {pB exp {(1 —7)(a(0;1) +bp) + ag(0, 5™ +ET;1) + by p(s™ + kT)}

+ (1= pP)exp {(1 = 7)a(0;0) + ay(0, s* + kT 0)}}
— by p(s* + ET)p" — (1= )bpp” — (1 = 7)a(T™;1), (B.49)

which are implied by (B.32). They provide the coefficients right before the (n — k)™
announcement the asset experience between ¢ and ¢ + s.

(b) Solve ay(0,s* + (k + 1)T;0) and ay (0, s* + (k + 1)T;1) by

ay(0,s* + (k+1)T30) =

ag(T™, 5"+ KT50) = T{B + fic: = fip = OB, [l — 1m0 21e] }

_ pstH(k+)T
+I€)\/ bd),)\(u)du (B.SO)
s*+kT

ap(0,5* + (k+1)T;1) =
ag(T™, 8" + kT;1) =T {B +ic — fip — \9E, [e@ﬁ—ﬂzht - e<1—7>Zw} }
o psTHkHD)T
+ H)\/ b¢7,\(u)du. (B.Sl)

*+kT

They provide the coefficients right after the (n — k — 1)* announcement.
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4. Solve ay(T~, (s* 4+ (n —1)T)7;0) and ay (T, (s* + (n — 1)T)~; 1) by

ag (T7,(s*+ (n—1)T)7;0) =

log {pG exp {(1 —7) (a(O; 1)+ bp) +ap(0,s" + (n—1)T; 1) + by p(s* + (n — 1)T)}

+(1—p%)exp {(1 = )a(0;0) + ag(0,s* + (n — 1)T; 0)}}

— by p(s* + (n = D)T)p — (1 = 7)bpp® — (1 —7)a(T~;0) (B.52)

ap (T7,1,(s"+(n—1)T)") =

log {pB exp {(1 —7) (a(O; 1)+ bp) +ay(0,8" + (n— 1)T;1) + by p(s* + (n — 1)T)}

+ (1= pP)exp {(1 = 7)a(0;0) + a(0, s* + (n — 1)T; 0)}}
— by p(s*+ (n— DT)p® — (1 — y)bpp® — (1 = 9)a(T7;1), (B.53)

They provide the coefficients right before the 1° announcement the asset will experience after

t.

5. Finally, solve

a¢(7,s;0) =
C%(Tf, s* + (n o 1)T; 0) - (T . 7_) {/B + fic — fip — )\GEV [e(¢*’7)Z1,t _ 6(17’7)21,15}}
+ KA / box(u)du (B.54)
s*+(n—1)T
ag (T, s;1) =
as(T™," + (n = )T51) = (T = 7) {8+ fic — fip = ACB, [0 %e — 10| |
+ KA / by (u)du. (B.55)
s*+(n—1)T

Simplifying the algorithm
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The algorithm before shows that

ay(0,5%;0) = ay(0,5%;1)

*

= / <—5 —pu+fip+A°E, [e(¢_7)zlvt — 6(1_7)2“} + /ﬁj\b¢7>\(u)> du (B.56)
0
To simplify notation, define

g(m,n) = / (—ﬁ —p+fiip + X\°E, [e(d’_”zl’t - 6(1_7)2“} + /ﬁj\b¢,A(u)> du, (B.57)

Then ay(0,5%;0) = ag(0,5*;1) = ¢(0, s*). For step 3(a), when k£ = 0, we have
ag(T~(s%)7;0) = log {paeu—v)<a(o;1>+bp)+g<o,s*>+b¢,p(s*>+ r(1- pG)e<1—w>a<o;o>+g<o7s*)}
—b,p(s")p% — (1 =7)bpp® — (1 = 7)a(T~;0)
— 4(0, %) + log {pGe(l—v)<a<0;1)+bp>+b¢,p<s*> r(1- pG)e(l—wa(o;o)}
— by p(s" )P = (1= 7)bpp™ = (1 = 7)a(T~;0)

— by p(s)p” = (1 = 7)bpp” — (1 = )a(T ;1)
(B.58)

It is easy to show that
ag(0, 5" +T:0) = ag(T~, () 7:0) + g(s", T + 5%
— (0,7 + 5*) + log {pGe(l—v)(a(0;1)+bp)+b¢,p(8*) +(1- pG)e(l—”/)a(O;O)}
— by ()P = (1 = )bpp® — (1 =7)a(T~;0)
ag(0, 8" +T;1) = ag(T™, (s%) ;1) + g(s", T + 57)
= g(0,T + s*) + log {pBe(lfw(a(0;1)+bp)+b¢,p(s*) T (1- pB)e(lfwa(o;O)}

— by p(s* )PP = (1 = )bpp® — (1 = 7)a(T ;1)
(B.59)

Repeat the steps above, we can come up with the following simplified algorithm

1. Letn = [%s] . Then n is the number of announcements before the maturity of the asset. In ad-
dition, compute s* = (7 + s) mod T, which is the time remaining after the last announcement
before maturity.

2. Recursively define the following function h(k, 7, s;p), p = 0, 1.
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(@) h(0,7,5;0) = h(0,7,s;1) =0;
(b) Fork=1,2,3,...,n

h(k), T, 8; 0) — lOg {pG eXp(lf’y)(a(O;l)+bp)+h(k71,7',s;1)+b¢’p (S*+(k71)T)
+ (1 - pG) exp(1—7)a(0;0)+h(k—1,7’,5;0) }

~bop(s” 4 (k= DT)p% = (1 =)y — (1= 7)a(T:0)

h(k, 7 5:1) = log {pB exp (I (@O ) +0p)Hh(k=Li7,51) b0 p (s +(k—1)T)
+ (1 - pB) eXp+bpa(0;O)+h(k—1,7,5;0) }

—bp(s™ + (k= D)T)p® — (1= by — (1 = 7)a(T 1)
(B.60)

3. Then
a(t,s;0) = h(n,7,5;0) + g(0,s)
= h(n,,s;0) + /OS <—B — u+fp + \YE, [e(‘bﬂ)zlvt — e(l_V)Z“} + m5\6¢,A(u)) du
a(t,s;1) = h(n,7,s;1) + g(0,s)

= h(n,7,s;1) + / (—ﬁ —p+fip +\9E, {e(d)_W)Z“ - e(l_V)Z“} + /{S\b¢7A(u)) du
0
(B.61)

O

Proof of Theorem 3. By non-arbitrage, the price of the stream of dividends, Fig( Dy, pt, po(t), Aat, T),

is
Fqb(DtaptapO(t)? >\2,t7 T) = / H(Dtaptap0(t)7 >\2,ta 7, S)dS
0
= /0 Dy exp {al(; (1, 8p0(1)) + bgvp(S)Pt + bg,/\(S)AZt} ds (B.62)

(o]
=i [ exp {a(rosipo(®) + 8, (5)pi + s p(9)he } s
0
Let G(pt, po(t), A2, T) be the price-dividend ratio of the asset. Then

Golprmo(t) Nees ) = [ exp {al(ryss (@) +05, (00 + Va6 Dhahds. (B
0

We then can write
Fy(Dy, pt, po(t), Aoyt ) = DGy (pe, po(t), Aae, 7). (B.64)
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By Ito’s Lemma, we must have

1 G T
Opy = o,aa—kfmm,t : (B.65)

where Gt = Gy(pe, po(t), Az, 7).

As aresult, with Lemma B.3 the premium of the asset is

~ AP By (€770 = 1) (270 1)] = A, [ (77720 = 1) (9720 — 1)

B.5 The announcement premium

Lemma B.5. Suppose that after the announcement, the asset’s price is given by exp(qo + by A2¢) >
exp(q1 + b3 Aa,t), conditioning on that the announcement reveals good or bad state, respectively, then

the pre-announcement price of the asset is higher if the previous announcement revealed good state.

Proof. Without loss of generality, let exp(h® + b3y ;) and exp(h® + b\, ;) be the prices of the
asset right before the announcement, conditioning on that the previous announcement revealed good

or bad state, respectively.
We want to show that k¢ > h5.

Euler equation implies that

exp {h% + (1 = )a(T;0) + (1 — 7)bp“ }
=p%exp {q1 + (1 = 7)a(0;1) + (1 — )by} + (1 = p) exp {qo + (1 — 7)a(0;0)}

exp {h® + (1 —7)a(T;1) + (1 —7))bp” }
=pPexp{q + (1 —=7)a(0;1) + (1 = )by} + (1 — p”) exp {go + (1 — 7)a(0;0)} .
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This means that

hE — 1P + (1= ) [a(T;0) + bp® — a(T;1) — byp”]

—1o pC + (1— pG) exp (QO —q+(1-7) (a(O; 0) —a(0;1) — bp))
= log {pB + (1 —pP)exp (g0 — @1 + (1 —7)(a(0;0) —a(0;1) — by)) | (B.67)

As 0 < pG <pP<lor0<1—pB <1-— pG < 1, the right hand side of (B.67) is increasing
ingo—qi.
Note that when ¢q; = qo, plugging in the continuity condition of the representative agent’s value

function, we can obtain R¢ = hZ. This implies that
hG—hB+(1—7) [a(T; 0) + bppG —a(T;1) — ppB] > (1—7) [a(T; 0) + bppG —a(T;1) — ppB] ,

when g9 > q;.

As aresult hC > hB. O

Lemma B.6. Upon announcements, or whent mod T' = 0, if ¢ > 1, given a4, if the price of a zero
coupon asset with maturity at t+ s is higher when the most recent announcement revealed good state,
then at time t — T, right after the announcement, the price is lower if the announcement revealed a

good state. In other words

H(thap(T7> O)u 07 A2,1‘,7 Tﬁ) 8+) > H(Dt*)p(T77 1)7 17 >‘2,t7 Tia S+)
= H(Dt,T, 0, 0, )\2,th7 0, s+ T) > H(Dt,T, ]., ]., )\2,th7 0, s+ T), (B68)

for H given in Lemma B.4.

Proof. We have

H(Dt*7p<T_70)7 07 )‘Q,th_7 3+) > H<Dt*7p(T_7 1)7 17 AQ,tu T_7 3+)
= ay(T™,s;0) + b¢,7p(s)pG > ag(T™,8;1) + by p(s)p”.

We want to show

ap(0,5+T150) > ag(0,s +T31) + by p(s +T).
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We know that
s+T B
ap(0,s +T50) = ay(T™,s;0) + / (—B — fic + fip + \YE, |:e(¢_'Y)Zl,t — e(l_V)Zl’t} + /ﬂ/\b(w\(u)) du
Ss+T B
ap(0,s+T51) = ap(T,s;1) + / (—ﬂ — fic + fip + A\°E, {e(‘ﬁﬂ)zl’t — e(lﬂ)zl’t} + /<;/\b¢,,\(u)> du

(B.69)
In addition, as by ,(S) < 0 when ¢ > 1, we have

s+T _
ap(0,s +T50) = ay(T™,s;0) + / (—B — fic + fip + \9E, [e(‘ﬁ_”zu - e(l_V)Z“} + /ﬂ)\b(w\(u)) du

ag(T™,50) +g(s,s +T)
ag(T™,5;0) + by ()07 + (5,5 +T) > ag(T™,571) + by p(s)p” + (5,5 + T)
ap(0,5 4+ T;1) 4 by »(s)p?,

vV

(B.70)
where g(m, n) is as defined before.
In addition, define p = ﬁ% or the stationary probability of bad state, we know that
AB _ \AE, [e(@=NZ1t _ ((1=7)Z14
b(b’p(s)pB = ( ) V¢[;G . € ] (1 _ e—(¢BG+¢GB)S) % (]5 +(1— ;5)6—(¢GB+¢BG)T) ]
(B.71)

Note that
(1 _ e*(¢BG+¢GB)S> « (]3 +(1— ﬁ)e*(¢cB+¢>Bc)T> <1 — e (®BG+oGB)(s+T)

—p—(1- ﬁ)ef(¢sc+¢cB)(S+T) _ pef(¢BG+¢>GB)S +(1— p)e*(¢BG+¢GB)T < 1 — ¢~ ¥Ba+dan)(s+T)

—=1-p> ]36*(¢>BG+¢GB)(S+T) _ ]36*(¢BG+¢GB)S +(1— p)e*(¢BG+¢GB)T.
Obviously

1-5>(1 _ﬁ)e*(d)BGJF(z’GB)T
0 > pe(98G+o6B)(s+T) _ so—(¢nctécn)s

which means that

1— > pe-@Batoa)(s+T) _ po—(¢nG+dan)s | (1- p)e—(¢BG+¢GB)T

always holds. This implies that

bop(8)pP > bsp(s +T) x 1, if ¢ > 1.

42



As a result,
a¢(0,S+T; 0) > C%(O,S—l—T;l) +b¢7p(8+T). (B.72)

O]

Proof of Theorem 4. By applying the formula of a4 (7, s; po(t)), we know at time ¢~ such that ¢ mod
T = 0, that the time-? price of of D, ; will be negatively correlated with the state price density, when
¢ > 1. As aresult, by Euler Equation, the announcement premium for zero-coupon dividend assets

must be positive.

Then the announcement premium for the equity will be a weight-average of the premium for

zero-coupon dividend claims, which then must be positive as well. O
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Figure 1: Portfolio excess returns against CAPM betas on announcement and non-announcement
days, data only
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Notes: The figure shows average excess returns on announcement days (diamonds) and non-
announcement days (squares) on beta-sorted portfolios in daily data from 1961.01-2016.09 as a func-
tion of the CAPM beta. Also shown are estimated regression lines for announcement day returns
against beta (solid red) and non-announcement day returns against beta (dashed red).

46



Figure 2: Portfolio excess returns against CAPM betas on announcement and non-announcement
days
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Notes: The figure shows average excess returns on announcement days (diamonds) and non-
announcement days (squares) on beta-sorted portfolios in daily data from 1961.01-2016.09 as a
function of the CAPM beta. Also shown are estimated regression lines for announcement day returns
against beta (solid red) and non-announcement day returns against beta (dashed red). We simulate
500 samples of artificial data from the model, each containing a cross-section of firms. The blue and
grey dots show average announcement day and non-announcement day returns for each sample as a
function of beta, respectively.
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Figure 3: Boxplots of simulated portfolio average excess returns on announcement and non-
announcement days
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Notes: We compute average excess returns on announcement and non-announcement days for a
cross-section of assets in data simulated from the model. The red line shows the median for each
portfolio across samples; the box corresponds to the interquartile range (IQR), and the whiskers
correspond to the highest and lowest data value within 1.5 x IQR of the highest and lowest quartile.
We plot returns against the median CAPM beta across samples for each portfolio. The red solid and
dashed lines are the empirical regression lines of portfolio mean excess returns against market beta
on announcement and non-announcement days, respectively.
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Figure 4: Variance ratios for market portfolio of announcement and non-announcement day returns
This figure shows empirical quarterly variance ratios of the market portfolio return and 90% confidence interval constructed
using simulation data generated from the model. The quarterly announcement (non-announcement) day excess returns are
computed as the sum of log daily excess returns on announcement (non-announcement) days in each calendar quarter. Then
we compute the cumulative excess returns of multiple quarters with overlapping windows of length k quarters (k > 1).
The cumulative excess returns are then used to compute the sample variances and construct the quarterly variance ratios.

The variance here are computed using sample variances (demeaned).
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Variance Ratios
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Figure 5: Variance ratios for market portfolio of announcement and non-announcement day returns:
mean squared returns as estimates

This figure shows empirical quarterly variance ratios of the market portfolio return and 90% confidence interval constructed
using simulation data generated from the model. The quarterly announcement (non-announcement) day excess returns are
computed as the sum of log daily excess returns on announcement (non-announcement) days in each calendar quarter. Then
we compute the cumulative excess returns of multiple quarters with overlapping windows of length k quarters (k > 1).
The cumulative excess returns are then used to compute the sample variances and construct the quarterly variance ratios.

The variance here are computed using squared returns (un-demeaned).
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Table 1: Summary statistics of the excess returns of 10 beta-sorted portfolios

Unconditional Announcement day Non-announcement day
1.61 53.3 0.19 3.73 53.3 0.17 1.34 53.3 0.19
1.91 59.4 0.44 7.28 59.2 0.42 1.22 59.4 0.44
2.58 68.9 0.57 7.38 70.1 0.56 1.97 68.8 0.57
2.69 77.6 0.68 7.88 77.1 0.65 2.03 77.6 0.68
2.58 87.5 0.79 7.78 87.7 0.77 1.91 87.4 0.80
2.61 95.5 0.89 8.51 96.0 0.86 1.85 95.5 0.89
2.57 106.0 1.00 8.41 108.1 0.98 1.82 105.7 1.00
2.38 118.0 1.12 10.50 120.4 1.10 1.34 117.6 1.12
2.37 136.8 1.30 12.63 139.5 1.29 1.05 136.4 1.30

0 2.35 176.6 1.65 17.94 177.7 1.62 0.35 176.3 1.66

— O 00 1 O\ L B~ W |3

Note: Sample statistics for excess returns of ten beta-sorted portfolios. The sample period is 1961.01-2016.09.
We show the sample mean excess returns (E[RX k]), standard deviation (¢*) and CAPM beta (5*). Each
portfolio is labelled by k. Column 1-3 report estimates with all data available. Column 4-6 and column 7-9 use
returns on announcement and non-announcement days, respectively. The unit is bps per day.
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Table 2: Calibration and simulation parameters

Panel A: Basic parameters

Average log growth in consumption ji¢c (%) 2.54
Average log growth in dividend fip (%) 2.92
Volatility of consumption growth o (%) 2
Rate of time preference 3 0.012
Relative risk aversion 3
Panel B: Rare event (disaster) parameters
Probability of disaster in good state A” 0
Probability of disaster in bad state A (%) 5.44
Probability of switching to bad state ¢gp 0.05
Probability of switching to good state ¢ g 0.33
Average probability of disaster (Sector 2)\(%) 2.84
Mean reversion in disaster probability x 0.08
Volatility for disaster probability o 0.0670
Panel C: Simulation parameters
Number of finite samples 500
Number of firms 12
Number of periods in each period (years) 100
Burn-in period length (years) 50

Length of each announcement non-announcement cycle (7')  1/24

Panel D: ¢, the loading of individual portfolio k on disasters

k1 2 3 4 5 6 7 8 9 10 11 12
o 15 2 25 3 35 4 45 5 55 6 65 7

Note: Parameter values for the main calibration, expressed in annual terms.
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Table 3: Empirical values and simulated distributions of regression slope coefficient of
excess returns on portfolio betas on announcement and non-announcement days.

Coefficient Data Simulation
Beta-sorted portfolios All portfolios Median 90 % CI
0 10.47 11.92 10.77  [8.12,13.88]
On 1.28 1.74 217 [1.31,3.95]
0q — On 9.19 10.17 8.55 [5.47,11.55]

Note: For each sample, the regression E[RX[ |t € i] = 6;8F + nF is estimated, where i = A, N
stands for sets of accouncement and non-announcement days, respectively. k stands for different
portfolios. (Beta-sorted or Fama-French three factor / industry portfolios in data, or simulated beta-
sorted portfolios.) The first two columns reports the regression coefficients in empirical analysis,
using beta-sorted portfolios only or including Fama-French 25 and industry portfolios as well. The
90% confidence intervals are computed using simulation samples.
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Table 4: Median of mean excess return, volatility and market beta for the twelve simulated portfolios
on announcement and non-announcement days

Unconditional Announcement day Non-announcement day
k  E[RXF o BF  E[RX* oF BF  E[RX% oF B*
1 1.83 34.43 0.60 4.62 34.18 0.60 1.49 34.39 0.60
2 2.29 44.07 0.78 6.86 43.71 0.78 1.75 43.96 0.78
3 2.60 49.97 0.88 8.45 49.55 0.88 1.93 49.81 0.88
4 2.83 54.05 0.95 9.60 53.46 0.95 2.06 53.86 0.95
5 3.01 56.95 1.00 10.48 56.40 1.00 2.16 56.85 1.00
6 3.16 59.26 1.04 11.17 58.69 1.04 2.25 59.09 1.04
7 3.28 61.06 1.08 11.73 60.46 1.08 2.32 60.94 1.08
8 3.38 62.51 1.10 12.22 61.97 1.10 2.37 62.42 1.10
9 3.46 63.69 1.12 12.61 63.23 1.12 2.43 63.66 1.12

10 3.53 64.71 1.14 12.95 64.30 1.14 2.47 64.67 1.14
11 3.59 65.61 1.16 13.24 65.22 1.16 2.50 65.56 1.16
12 3.64 66.40 1.17 13.50 66.02 1.17 2.54 66.34 1.17

Note: For each sample, market mean excess returns on all trading days, announcement and non-announcement
days and are computed, respectively. The market is defined as the value-weighted average of portfolios. This
table reports the median of the corresponding statistics across simulation samples.
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Table 5: Distribution of simulated difference in mean excess returns on announce-
ment and non-announcement days

Portfolio Quantiles

k 10% 25% 50% 75% 90%
1 1.75 2.35 3.13 3.75 4.46
2 3.32 4.14 5.12 5.92 6.77
3 4.45 5.39 6.50 7.39 8.35
4 5.28 6.31 7.50 8.45 9.50
5 5.94 7.01 8.28 9.27 10.38
6 6.45 7.60 8.88 9.91 11.08
7 6.86 8.06 9.39 10.44 11.64
8 7.20 8.45 9.79 10.89 12.11
9 7.48 8.77 10.15 11.27 12.51
10 7.73 9.04 10.45 11.59 12.84
11 7.94 9.29 10.70 11.86 13.12
12 8.13 9.50 10.91 12.10 13.36

Note: This table reports the simulated distribution of finite sample difference in mean
excess returns on announcement and non-announcement days. The unit is bps per day.
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Table 6: Empirical values and simulated distributions of market excess return
and volatility on announcement and non-announcement days

Data Simulation
Statistic Estimate Median 90 % CI
E[RXk| A] 10.66 10.65 [7.97,13.78]
std[RX K| A] 102.2 56.4  [40.7,75.1]
E[RXME| N 1.27 2.18  [1.31,3.95]
std[RX"K | NV 98.3 56.7  [41.1,74.6]
E[RXM™| Al — E[RX[& | V] 9.39 8.42 [5.34,11.44]
std[ RX[™K | A] — std[ RX[™K | V] 3.9 —0.1  [-2.7,2.3]

Note: For each sample, E[RX™|i] and std[RX[™'|4] for market portoflio are
computed. ¢ = A, N stands for announcement and non-announcement days, re-
spectively. The first column reports the empirical estimates, while the quantiles are
computed using simulation samples. The unit is bps per day.
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Table 7: Variance ratio of quarterly excess returnson announcement and non-announcement days

Quarter Announcement days Non-announcement days

Empirical Median 90% CI  Empirical Median 90% CI
1 1.00 1.00 [1.00, 1.00] 1.00 1.00 [1.00, 1.00]
2 1.10 0.85 [1.00,1.13] 1.11 0.86 [1.01,1.13]
3 1.22 0.78 [0.99, 1.20] 1.07 0.81 [1.01,1.22]
4 1.33 0.73 [0.97,1.25] 1.02 0.76 [1.00,1.29]
5 1.33 0.69 [0.97,1.30] 1.01 0.71 [0.99,1.37]
6 1.34 0.66 [0.96,1.33] 1.01 0.68 [0.99,1.41]
7 1.34 0.64 [0.94, 1.36] 1.00 0.65 [0.97,1.47]
8 1.32 0.61 [0.94,1.38] 0.95 0.64 [0.97,1.53]
9 1.31 0.59 [0.93,1.40] 0.92 0.61 [0.95,1.58]
10 1.29 0.57 [0.92,1.43] 0.90 0.60 [0.94,1.63]
11 1.27 0.55 [0.92,1.44] 0.89 0.58 [0.94,1.68]
12 1.27 0.53 [0.91, 1.46] 0.87 0.57 [0.94,1.73]
13 1.27 0.51 [0.90, 1.47] 0.86 0.56 [0.93,1.79]
14 1.27 0.49 [0.89,1.49] 0.84 0.55 [0.92,1.84]
15 1.26 0.46 [0.87,1.51] 0.83 0.53 [0.92,1.90]
16 1.26 0.44 [0.86,1.52] 0.82 0.51 [0.91,1.93]
17 1.26 0.43 [0.86,1.53] 0.81 0.50 [0.90,1.97]
18 1.25 0.42 [0.84,1.54] 0.82 0.48 [0.88,2.03]
19 1.25 0.41 [0.83,1.54] 0.83 0.47 [0.88,2.06]
20 1.26 0.40 [0.82,1.55] 0.83 0.45 [0.87,2.09]
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Table 8: Variance ratio of quarterly excess returns: mean squared return as estimateson announcement and
non-announcement days

Quarter Announcement days Non-announcement days

Empirical Median 90% CI  Empirical Median 90% CI
1 1.00 1.00 [1.00, 1.00] 1.00 1.00 [1.00, 1.00]
2 1.16 1.18 [1.01,1.33] 1.12 1.08 [0.93,1.21]
3 1.33 1.34 [1.06, 1.63] 1.08 1.15 [0.92,1.38]
4 1.51 1.52 [1.12,1.92] 1.05 1.21 [0.94,1.53]
5 1.58 1.69 [1.20, 2.22] 1.05 1.27 [0.95,1.70]
6 1.66 1.87 [1.27,2.52] 1.06 1.33 [0.95,1.88]
7 1.73 2.04 [1.36,2.81] 1.05 1.39 [0.96,2.04]
8 1.79 2.21 [1.43,3.08] 1.02 1.45 [0.99, 2.22]
9 1.85 2.38 [1.50, 3.35] 1.00 1.51 [1.03,2.37]
10 1.91 2.56 [1.57,3.66] 0.98 1.58 [1.04,2.50]
11 1.96 2.73 [1.64,3.97] 0.98 1.65 [1.07,2.66]
12 2.04 2.90 [1.73,4.26] 0.97 1.72 [1.10,2.83]
13 2.11 3.06 [1.82,4.55] 0.96 1.78 [1.15,2.98]
14 2.18 3.22 [1.91,4.85] 0.95 1.84 [1.18,3.11]
15 2.25 3.39 [1.99,5.14] 0.94 1.90 [1.21,3.24]
16 2.32 3.59 [2.07,5.43] 0.93 1.95 [1.24,3.39]
17 2.39 3.77 [2.16,5.73] 0.93 2.01 [1.27,3.56]
18 2.46 3.95 [2.25,6.03] 0.95 2.08 [1.28,3.74]
19 2.54 4.11 [2.36,6.33] 0.96 2.12 [1.32,3.91]
20 2.62 4.27 [2.45,6.63] 0.96 2.18 [1.35,4.07]
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