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Abstract

Empirical studies demonstrate striking patterns in stock market returns in rela-
tion to scheduled macroeconomic announcements. First, a large proportion of the
total equity premium is realized on days with macroeconomic announcements,
despite the small number of such days. Second, the relation between market
betas and expected returns is far stronger on announcement days as compared
with non-announcement days. Finally, these results hold for fixed-income invest-
ments as well as for stocks. We present a model with rare events that jointly
explains these phenomena. In our model, which is solved in closed form, agents
learn about a latent disaster probability from scheduled announcements. We
quantitatively account for the empirical findings, along with other facts about

the market portfolio.

*We thank Frank Diebold, Winston Dou, Marco Grotteria, Nick Roussanov, Chaojun Wang, and
seminar participants at the Stockholm School of Economics, at University of North Carolina, and at
the Wharton School for helpful comments.



1 Introduction

Since the work of [Sharpe| (1964) and Lintner (1965), the Capital Asset Pricing Model
(CAPM) has been the benchmark model of the cross-section of asset returns. While
generalizations have proliferated, the CAPM, with its simple and compelling structure
and tight empirical predictions, remains the major theoretical framework for under-
standing the relation between risk and return. Recently, Savor and Wilson| (2014))
document a striking fact about the fit of the CAPM. Despite its poor performance in
explaining the cross section overall, the CAPM does quite well on a subset of trading
days, namely those days in which the Federal Open Market Committee (FOMC) or

the Bureau of Labor Statistics (BLS) releases macroeconomic news.

Figure (1| reproduces the main result of Savor and Wilson (2014) using updated
data. We sort stocks into portfolios based on market beta (the covariance with the
market divided by market variance) computed using rolling windows. We display the
relation between portfolio beta and expected returns on announcement days and non-
announcement days in the data. This relation is known as the security market line. On
non-announcement days (the majority), the slope is indistinguishable from zero. That
is, there appears to be no relation between beta and expected returns. This result holds
unconditionally, and is responsible for the widely-held view of the poor performance
of the CAPM. However, on announcement days, a strong positive relation between
betas and expected returns appears. Moreover, portfolios line up well against the
security market line, suggesting that the relation is not only strong, but that the total
explanatory power is high. Finally, these results appear even stronger for fixed-income

investments than for equities.

We summarize the facts as follows:

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

announcement days

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

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

4. Results 1 and 2 hold for Treasury bonds as well as for stocks.



In this paper, we build a frictionless model with rational investors that explains
these findings. Our model is relatively simple and solved in closed form, allowing us to
clearly elucidate the elements of the theory that are necessary to explain these results.
Nonetheless, the model is quantitatively realistic, in that we explain not only these

findings above, but also the overall risk and return of the aggregate stock market.

One important aspect of our model is that, despite the lack of frictions, investors
do not have complete information. Macroeconomic announcements matter for stock
prices because they reveal information to investors. This only makes sense if investors
do not have full information in the first place[] The information that is revealed
matters greatly to investors, which is why a premium is required to hold stocks on
announcement days (the first finding). In our model, the information concerns the
likelihood of economic disaster similar to the Great Depression or what many countries

suffered following the 2008 financial crisis.

We further assume that stocks have differential exposure to macroeconomic risk. We
endogenously derive the exposure on stock returns from the exposure of the underlying
cash flows. We also assume, plausibly, that there is some variability in the probability
of disaster that is not revealed in the macroeconomic announcements. Stocks with
greater exposure have endogenously higher betas, both on announcement and non-
announcement days, than those with lower exposure. They have much higher returns,
in line with the data, on announcement days, because that is when a disproportionate
amount of information is revealed (the second finding). Finally, the presence of disasters
and of time-varying disaster risk implies that a linear relation between expected returns
and betas does not hold. Stocks can have high variances, and covariances with the
market, driven by time-varying disaster risk, without exposure to the actual disasters

rising in proportion. This explains the third finding.

An extension of the model to bonds us to explain the fourth finding. We assume
that some information that is revealed on announcements is informative about expected
inflation. Bonds are exposed to announcements to a greater extent than equities. In
the model, as well as in the data, betas on bonds rise dramatically on announcement

days (they are near zero on non-announcement days), while equity betas do not.

We find that the presence of rare events breaks the traditional relation between

! Another possibility is that macroeconomic announcements themselves create the risk perhaps
because they reflect on the competence of the Federal Reserve. We do not consider that possibility
here.



risk and return. This is important, because except for bonds, conventional measures of
risk such as variance and covariance do not appear marketdly higher on announcement
days. Our model is consistent with this finding, because of the asymmetric nature of
the rare event. Most likely, investors will learn that the economy continues to be in
good shape and the risk of disaster remains low. There is a small probability, however,
that they will learn that the economy is in worse shape than believed. A sample could

easily feature mainly events of the first type since the second type is rare.

While we focus on macroeconomic announcements, the tools we develop could be
used to address other types of periodic information revelation. There is a vast empir-
ical literature on announcement effects (La Porta et al.| [1997; |[Fama), [1970)), of which
the literature on macro-announcements is a part. There is, at present, scant theoret-
ical work (Ai and Bansal (2018)) is an important recent exception). In this paper, we
develop a set of theoretical tools to handle the fact that announcements occur at deter-
ministic intervals, and that a finite amount of information is released over a vanishingly
small period of time. Time just before and just after the announcement is connected
through intertemporal optimization conditions. We show that these conditions form a
set of boundary conditions for the dynamic evolution of prices in the interval between

announcements. It is this insight that allows us to solve the model in closed form.

The rest of the paper proceeds as follows. Section [2| discusses the model. Section
discusses the fit of the model to the data, and Section 4] concludes.

2 A model of asset prices with macroeconomic an-

nouncements

In the section that follows, we describe the model. Section [2.1|gives the endowment and
preferences, Section[2.2]the relation between cash flows and announcements, Section [2.3]
describes state prices, Section equity prices, and Section risk premia. Finally
Section describes the pricing of nominal bonds. Unless otherwise stated, proofs are

contained in the Appendices.



2.1 Endowment and preferences

We assume an endowment economy with an infinitely-lived representative agent. Ag-
gregate consumption (the endowment) follows the stochastic process
dc,
o = podt +0dBey+ (7 —1) dN,, (1)
.
where B, is a standard Brownian motion and where N; is a Poisson process. The
diffusion term pcdt + odBey represents the behavior of consumption during normal
times. The Poisson term (eZt — 1) dN; represents rare disasters. The random variable
Z; represents the effect of a disaster on log consumption growth. We assume, for
tractability, that Z; has a time-invariant distribution, which we call v; that is, Z; is
iid over time, and independent of all other shocks. We use the notation F, to denote

expectations taken over v.

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 characterization of Epstein and Zin (1989)) derived by Duffie and

Epstein| (1992)). The following recursion characterizes utility V;:

V, = maXEt/ f(Cs, Vy)ds, (2)
¢

where

FCuVi) = B =)V 10— 1 oul(1 = 1) 3)

Here (8 represents the rate of time preference, and ~ represents relative risk aversion.
The case of v = 1 collapses to time-additive (log) utility. When ~ # 1, preferences
satisfy risk-sensitivity, the characteristic that |Ai and Bansal| (2017)) show is a necessary

condition for a positive announcement premium.

2.2 Scheduled announcements and the disaster probability

We assume that scheduled announcements convey information about the probability
of a rare disaster (in what follows, we use the terminology probability and intensity
interchangeably). The probability may also vary over time for exogenous reasons; this

creates volatility in stock prices in periods that do not contain announcements.



To parsimoniously capture these features in the model, we assume the intensity of
N, is a sum of two processes, A;; and )\gtﬂ We assume investors observe Ao, which

follows
dXat = —K(Xgt — Aa)dt + oa\/ Ad By, (4)

with B); a Brownian motion independent of Bc;. The process for A\ is the same as
the one assumed for the disaster probability in Wachter| (2013]).

The intensity Ay; follows a latent Markov switching process. Following Benzoni
et al| (2011), we assume two states, A (good) and AP (bad), with 0 < A% < AP and

P\ tar = AG’)\lt = \P) = npedt

(5)
P\ tar = AP Ay = )\G) = nggdt.

Note that npe is the probability (per unit of time) of a switch from the bad to the
good state and ngp is similarly, the probability of a switch from the good to the bad

state.

Announcements convey information about Ay;. Let T" be the length of time between

announcements.ﬂ Define 7 as the time elapsed since the most recent announcement:
T=tmodT,

Furthermore, define

Az{t:tmOdT:O}v (6)
N={t:tmodT #0}.

That is, A is the set of announcement times, and A is the set of non-announcement
times. Note that A is an open set, so we can take derivatives of functions evaluated
at times t € NV.

Let p; denote the probability that the representative agent places on Ay = A\®. For

2Equivalently, decompose, IV, as
Ny = N1y + Nog,

where Nj;, for j = 1,2, has intensity Ajq.

3In the data, announcements are periodic, but, depending on the type of announcement, the
period length is not precisely the same. Our assumption of an equal period length is a convenient
simplification that has little effect on our results.



t € N, assume

dpr = (—=pmse + (1 — pi)nee) dt = (—=pi(nes + nsa) + nae) dt. (7)

This assumption implies that the agent learns only from announcementsﬁ Outside of
announcement periods, the agent updates based on . If the economy is in a good
state, which it is with probability 1 — p;, the chance of a shift to the bad state over the
next instant is ngp dt. If the economy is in a bad state, which is with probability p,

the chance of a shift to the good state over the next instant is ngg dt. Define
Ai(pe) = p AP + (1= p) A%,

as the agent’s posterior value of \y;.

For simplicity, we assume announcements convey full information, that is, they
perfectly reveal )\uﬁ We refer to announcements revealing \i; to be A“ as positive and
those revealing it to be AP as negative. The reason for this terminology is intuitive: an
announcement revealing the disaster probability to be low should be good news. The

following sections make this intuition precise.

It is useful to keep track of the content of the most recent announcement, because

of the information it conveys about the evolution of the disaster probability. Let

Pot = Pt—r- (9)

That is, pg is the revealed probability of a bad state at the most recent announcement.

4Bayesian learning implies

)‘Bi_ 5‘1 (pt* )
)\1<Pt*)

(Liptser and Shiryaev, |2001). The first term multiplying Ni; corresponds to the actual effect of
disasters. The term —p(AP — X\;(p)) in the drift corresponds to the effect of no disasters. We abstract
from these effects in . Because disasters will be very unlikely, the term —p(AZ — X\;(p)) is small
(agents do not learn much from the fact that disasters do not occur). In what follows, we compare
the data to simulations that do not contain disasters. Therefore ignoring the Poisson term can be
understood as an implementation of realization utility, defined by |Cogley and Sargent| (2008)). We
allow agents to learn from disasters; however, they do not forecast that they will learn from disasters.

5In effect, we assume the government body issuing the announcement has better information,
perhaps because of superior access to data. [Stein and Sunderam)| (2017)) model the strategic problem
of the announcer and investors, and show that announcements might reveal more information than a
naive interpretation would suggest.

dp; = py- ( ) dNv + (—(pe- )AP = X (pe-)) — (0= )Be + (1= py-)nge) dt (8)



By definition, po; € {0,1}. The process for p; is right-continuous with left limits. In
the instant just before the announcement it is governed by . On the announcement

itself, it jumps to 0 or 1 depending on the true (latent) value of \y.

Under these assumptions, p; has an exact solution:

Lemma 1. Fort € N, the probability assigned to the bad state satisfies p; = p(T; pot),
where

p(7: pot) = poe”(nBGTIGE)T | "B (1— 6—(nBG+nGB)T)_ (10)

NBG + NGB

Proof. Equation [7] implies that p; is deterministic between announcements. More-
over, p; is memoryless in that it contains no information prior to the most recent
announcement. Because the information revealed at the most recent announcement is
summarized in pg, any solution for (7)) takes the form p, = p(7; po;), where 7 =t mod T
and po; € {0,1}. Tt follows directly from (7)) that p(7;pe;) satisfies

d

Ep(f;po) = —p(7;p0)(MBG + NGB) + NGB, 7€ [0,7). (11)

This has a general solution:

NGB

. _ —(mBa+nas)t AL
p Tap - K € + 9
( 0) Po nsc + nGE

(12)
where K, is a constant that depends on p,. The boundary condition p(0;pg) = po

determines K. ]

Equation [10[ shows that p; is a weighted average of two probabilities. The first, po;,
is the probability of the bad state, revealed in the most recent announcement. The
second, ncgcﬁ, is the unconditional probability of the bad state. As 7, the time
elapsed since the announcement, goes from 0 to 1, the agent’s weight shifts from the

former of these probabilities to the latter.

Agents forecast the outcome of the announcement based on p,. The optimality
conditions connecting the instant before the announcement to the instant after are

crucial determinants of equilibrium. It is thus useful to define notation for p; just



before the announcement. Let

p® = lim p(7;0)
T—
A (13)
p- = lim p(7;1).
=T

Then p© is the probability that the agent assigns to a negative announcement just
before the announcement is realized, if the previous announcement was positive. If the
previous announcement was negative, then the agent assigns probability p. The values
of p% and p?, which are strictly between 0 and 1, follow from . Not surprisingly,
pP > pY.

In what follows, all expectations should be understood to be taken with respect to

the agent’s posterior distribution, unless noted otherwise.

2.3 The state-price density

We will value claims to future cash flows using the state-price density m,. This object
is uniquely determined by the utility function and by the process for the endowment.

Heuristically, we can think of 7; as the process for marginal utility.

Theorem 1. Fort € N, the evolution of the state price density m; is characterized by

dmi = —(r, + (5\1<pt) + )\2t) E, [377& - 1])dt

T—

—y0dBe; + (1 — 3)baoar/Ayd By + [e77% — 1]dN,, (14)
where 1, is the riskless interest rate,
re =B+ pe —v0% + (M(pe) + Aat) By [e‘”Z*(er -1)]. (15)

and where

by = <5 1= /(B + k)2 — 203E, [0 — 1]) .

(1 —7)o}

The instantaneous mean growth rate of the state-price density is (as usual) the



riskfree rate r; (to be characterized below).ﬂ The state-price density jumps upward in
the case of a disaster, corresponding to the effect of a large decline in consumption on
marginal utility. The state-price density also changes due to normal-time changes in
consumption (this term will be small), and because of changes in the disaster probabil-
ity not associated with announcements (1 —v)bxoaxv/ Ao dBy;. When v > 1, (1 —~)by is
positive and so marginal utility rises when the disaster probability rises. When v < 1,

marginal utility fallsm

Theorem [I] shows that there is no role for announcements for t € N. For a given
intensity of Ny, m; is the same as it would be without announcements (see, e.g. T'sai and
Wachter| (2015)). Announcements enter only indirectly, through the disaster intensity.ﬂ
This is because announcements occur at pre-determined intervals. The announcement
cycle does affect the level of the value function, but, because it is deterministic, it does

not affect marginal utilities along the optimal consumption path.
Announcements do however affect the state-price density for t € A.

Theorem 2 (Announcement SDF). Fort € A, with probability 1,

5 (_oplin ) ) (1)

T—

eXP{@'BTCpOt— + bppi-
where B Ie. 1-9)Z
=9 [ "
P (1 =) (B+nes +nBc)
and where Cpy,, Gy € {Co, (1} with
6(1_7)(408/3T+bppG) _ pGe(l_»y)(Cl-i-bp) + (1 _ pG)e(l—v)Co (18a)
6(1_7)(4165T+bpp3> _ pBe(lffY)(glerp) +(1- pB)e(lf“f)Co. (18b)

The ratio of state-price densities just prior to and just after an announcement in

SFor notational simplicity, the drift term in is multiplied by time-t variables rather than
time-t~ variables. Note that these variables are continuous for t € N (they do not jump in the case
of a disaster) and so this simplification is harmless.

“In a more general model, whether marginal utility falls or rises depends on 7 relative to the
inverse of the elasticity of intertemporal substitution. See[T'sai and Wachter| (2018]).

8Note that the term in the drift involving p, acts as compensation for the disaster, ensuring that
r¢ remains the instantaneous rate of change ;.



(16) will play an important role in what follows. This ratio can be thought of as an
announcement stochastic discount factor, or Announcement SDF, a concept defined
in a discrete-time setting in |Ai and Bansal (2018)). Though the announcement is
instantaneous, Theorem [2|shows that a finite amount of news is revealed: m; undergoes
a discrete change and thus the SDF is not trivially equal to one. This is what will

produce a macroeconomic announcement premium in our model.

The Announcement SDF depends on p;- (the posterior probability just before the
announcement) and on p; (the posterior probability just after). It depends also on pg;-
(the previously-announced probability of a bad state). Note that po, pos— € {0, 1} and,
for announcement times ¢, p,- € {p“, p?} and p; = po;. Equation [18]is thus simply the
condition that, over an infinitesimal interval, agents’ expectations of the SDF equal

one, or, equivalently, that the state-price density must follow a martingaleﬂ

That the posterior p; should affect the SDF is intuitive. It follows from A\? > \¢
that b, < 0. Thus for v > 1, an increase in the posterior probability of being in a bad
state increases marginal utility. Moreover, the increase in marginal utility is higher,
the greater is the persistence of the probability (namely, the lower ngp + np¢), and the
lower the discount factor 8. In the numerator of this term is the instantaneous effect
of a disaster on utility, multiplied by the incremental probability of disaster from being

in a bad state.

However, the change in the state-price density is not only due to the change in
the posterior probability. There is also an effect of the announcement itself. On the
announcement, the state variable pg, representing the posterior on the most recent
announcement, also jumps. Recall that this variable can either be 0 or 1, because
the announcement perfectly reveals the state. The effect is thus characterized by
a binary variable (,,,, whose two values satisfy the system . When the agent
receives news about Ay; on the announcement, she changes her p;, and incorporates
the future predictable changes in p; into the SDF (this is why mean reversion enters in

Equation . The agent also incorporates forecasts of future announcements through
(18).

Given the interpretation of as the announcement SDF, we would expect it to

9Equation holds “only” with probability 1. That is, there is a theoretical possibility that a
disaster could coincide with an announcement. Because announcements are a set of measure zero the
probability that a disaster and announcement coincide is zero, and so we can ignore the theoretical
possibility when calculating expectations.

10



reflect our intuition about agent’s marginal utilities. In fact it does, as Corollary

shows. The following technical result is helpful.

Lemma 2. Let (o, (1, and b, be defined as in Theorem @ Then b, <0 and

Co > Cl + bp. (19)
Proof. See Appendix [A] ]

Indeed, given Lemma , the following corollary shows (assuming a preference for
early resolution of uncertainty) that the announcement SDF exceeds 1 if the announce-

ment is negative and is below 1 if it is positive{"

Corollary 1. Fory > 1, the state-price density falls when the announcement is positive

and rises when the announcement is negative.

For v < 1, the state-price density falls when the announcement is negative and rises

when it 1s positive.

Proof. First assume that v > 1. It follows from Lemma [2] that

Consider the case where the previous announcement was positive. It follows from

p¥ € (0,1) and ([18al) that

(=10 < 1= (Ge" T +bpp%) _ (1=7)(C1+bp)

)

because the middle expression is a weighted average of the terms on either side, with

weights strictly between 0 and 1. Therefore,

es° o
(W) <1 (20)

eS1tbp 1=y
(W) > 1 (21)

0This condition is consistent with risk-sensitivity, as defined by |Ai and Bansal| (2018). In their
setting, as in ours, risk-sensitivity is a necessary condition for a nonzero announcement premium.

11



When the time-t announcement is positive, m;/m— equals the left-hand side of .
When it is negative, m;/m;~ equals the left hand side of . This completes the proof.

The case in which the previous announcement was negative follows the same argu-
ment, using instead p? € (0,1) and ((18b)). The proof for v < 1 follows along the same

lines. OJ

Note that, because the SDF is greater than 1 for a negative announcement and
less than 1 for a positive announcement (Corollary , the probability of a negative
announcement is higher under the risk-neutral measure. Less obvious is the fact that

the relation p® < p? also holds for risk-neutral probabilities:

Theorem 3. Let pP be the risk-neutral probability of a negative announcement, just
prior to the announcement occurring, provided that the previous announcement was
negative, and p¢ be the analogous quantity, provided that the previous announcement
was positive. Then
7 >
In the next sections, we will use Theorem |3| to characterize announcement effects

in the prices of bonds and stocks.

2.4 Equity prices

We consider a cross section of equities which differ in their sensitivity to disasters. For

parsimony, we assume the claims are identical in all other respects. Let D{ equal the

time-t dividend of claim 7, for j = 1,...,J. Assume
dD] 67
D_j = ,U/Ddt + odBeoy + (6 gat — 1)dNt (22)
p

The parameter ¢; determines the sensitivity of the claim to disasters. Let S,f denote
the time-t price of the jth claim (that is, the price of stock j). No-arbitrage then
implies

Si = E, / ™s pi ds (23)
t

Ty

In and elsewhere in what follows, we take the expectation under the agents’

subjective distribution.

12



Our model implies an analytical expression for that, not surprisingly given the
form of , takes the form of an integral over s. The expressions in this integral are
equity strips, namely claims to a dividend payment at a single point in timeE To
simplify the problem, we first give an analytical solution for these equity strips. We

use superscript j to denote quantities that depend on ¢; and thus are asset specific.

Theorem 4. Consider a claim to a dividend Dg+t, where the process for D; solves

. Let HI(D!, py, A\ay, 7, 53 pot) denote the time-t price of this claim. That is,

i(pi oV pip | Tees Diis
HY(D{, pi, Aoty 7, 83 pot) = Dy By — | (24)
L

Then

Hj(D{7pt7 Aats Ty 85 pot) = Df exXp {a’zﬁ (7', 5;p0t) + bép(S)pt + bz»\(3>)\2t} (25)
where

, A — \OE, [el@i—12t _ (-1
b?bp(s) - ( ) [ } (1 _ 6_(773G+77GB)5) . s>0, (26)

where bfl;/\(s) solves

avi,(s) 1, . : _
2 = SO + (1= 1)agd = 1) Bin(s) + B [ — 0] | (a1)

with boundary condition béA(O) = 0. Define the function aj such that

a’,(7,s1po) = W (7 + s;p0t) +

/0 (_ﬁ e+ pup + ACE, [e(asrv)zt _ e(m)zt] + KXol (u) + nGBb¢p(u)) du (28)

for 7 €10,T),5 > 0,po; € {0,1}. The function h? uniquely solves

6(1 -) (Cpoz +bppt)

6(1*’7)(66TCp0t_ +bppt—)

ehj(U;Por)“‘bip(“_T)pr _ Et—{ ehj(u—T;poz)—l—bf,;p(u—T)pt} : (29)

forw>T and W (u;-) =0 foru € [0,T).

HSee [Lettau and Wachter| (2007).

13



Equation [25] gives the price investors will pay today to receive the aggregate divi-
dend s periods in the future. This price depends on s, the probability of the state p;
and the probability of observed disaster \o;. As is clear from both and , the
direction of this dependence varies according to whether ¢; is greater than or less than
one, reflecting a tradeoff between the effect of the riskfree rate on the one hand and
that of the the risk premium and cash flow expectation on the otherE The standard
assumption is levered equity, with ¢; > 1. In this case, the latter effect dominates, and
equity prices fall when the probability of a disaster (as captured by either Ay or p;)
rises. This dependence is similar what one finds in previous work (Tsai and Wachter],

2015)) and so we do not discuss it further here.

More novel is the dependence of the price on disasters, captured in the function
h(T + s;po¢). This function depends on the sum of the maturity and the time since
the last disaster. When 7 4+ s < T, there are no announcements scheduled before the
equity matures, and this term is zero. Now assume there is just one announcement
left before maturity. The risk-neutral expectation of the discounted price just before
the announcement has to match the price just after the announcement, pinning down
h(T + s;pot) for 7+ s € [T,2T). This is the content of condition (29).

Intuitively, a negative announcement should decrease prices. The following Corol-

lary shows that this is true, provided that ¢ > 1:

Corollary 2. Assume that ¢; > 1. Then the price of an equity strip with positive
maturity on the announcement date increases when the announcement is positive and

decreases when the announcement is negative. That is
H(D> 1a )\2507 S; 1) < thlﬂH(D,]%r, )\2>775;p0t*) < H(D707 )\27075; O)
T—
for s > 0.

While a formal proof is in the Appendix, we give a heuristic proof here. When
¢; > 1, a higher probability of disaster lowers the value of the dividend claim (this
effect operates through b,,). Consider first the claim with one announcement prior
to maturity. Clearly, this claim will fall in price if the announcement is negative and

rise if it is positive. Because p® > p“, the price of this claim will be lower prior

12Equivalently: the agent’s desire to substitute across asset classes dominates the need to save
more.

14



to announcement if the previous announcement is negative than if it positive (this
is captured by (29), for u € [T,2T)). Thus a claim with two announcements before

maturity will fall in price if the next announcement is negative, and so on.

To calibrate this model, we will consider a claim to a continuous stream of dividends.

The price of the claim is an integral of prices of the form ([25)):

Corollary 3. Let S,f be the time-t price of an asset paying the dividend process

with leverage parameter ¢;. Then
S (Dtapt, )\2t77_§p0t) = / Hj(Dt,pt, Aoty T 8;p0t)d87 (30)
0

where H7 is given by .

Proof. The result follows directly from Theorem [4| and the no-arbitrage condition
2]} 0

Using the characterization of the equity price in Corollary [3] we can sign the re-

sponse to the announcement.

Corollary 4. Assume that ¢; > 1. Then S’ (Dt,pt,)\gt,T;pot) increases when the

announcement is positive and decreases when the announcement is negative. That 1s,
S(D,1,X,0;1) < lin%S(D,pt—,)\g,T;pOt—) < S(D,0, As,0;0).
T—

Proof. The result follows directly from Corollaries [2] and [3] O

2.5 Risk premia

We first consider risk premiums when ¢ € calN. Let 7/ denote the expected return on

asset j per unit dt of time. Note that:

. - | D]
Tl = psjt + (>\1(pt) + /\Qt) Eu[ed)]Zt -1+ S_;, (31)
t

where j;, is the drift of S rate and where the expected jump size B, [e?% — 1] follows

from the homogeneity of S7 in Di.
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Theorem 5. For t € N, the risk premium on an asset with dividend stream (@
equals
1087 ,

’I“z—rt = '702_)\2t(1_'7)b>\§a—>\20)\— (5\1(]91&) + )\Qt) E, [(e—th - 1) (€¢th - 1)} . (32)

The theorem divides the premium into three components: the first is the standard
consumption CAPM term (negligible in our calibration). The second term is the pre-
mium investors require for baring the risk of facing risk in Ag;. Provided that the price
falls when Ao rises, this is positive for 7 > 1. See the discussion following Theorem
for further detail. The third term is the premium directly linked to the rare disasters.
Note that the probability of the disaster outcome is the agent’s posterior probability,
A1 (pe) + Agi. The disaster premium is positive provided that agents are risk averse and

that asset has positive exposure to disasters ¢; > 0.

We now consider the risk premium on announcement dates. On non-announcement
dates, the risk premium earned on the asset is equal to (7 — ;) dt. Therefore the usual
continuous-time result holds: the risk premium approaches zero for sufficiently small

time periods. This is not true for announcements dates.

Intuitively, the announcement premium should be given by the covariance of returns
with the stochastic discount factor. Both the SDF and the price process jump with
the arrival of a discrete amount of information on the instant of the announcement.
As the following theorem makes precise, this joint behavior creates an announcement

premium.

Theorem 6. For assets defined in Theorem|[d, the announcement premium is given by

(Wt ;:t> (sg‘ S—g_sg‘ )] (33)

Et— - _Et_

ST

SI— Sg']

forte A.

Proof. Expanding the right-hand-side of yields
(7”_7”‘) S{—'Sf_ —E, 25_5_5_{_(3_1) (34)
s S)_ TS SL T~
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The process 7'('th follows a martingale, as follows from . Therefore
Wt—Sg_ = Et— [WtSﬂ .

Furthermore, the expected rate of change in m; over any infinitesimal interval must
equal r, multiplied by the length of the interval. When the interval size length is zero,
then

T— = Etf [’ﬂ't] .
The result then follows from ((34)). O

Corollary 5. Consider an asset paying dividends given by (@, such that the leverage
parameter ¢; > 1. The announcement premium is strictly positive if v > 1 and strictly

negative if 7 < 1.

Proof. Corollaries 1| and 4] show that changes in S/ and in 7 upon announcements

have opposite signs when v > 1 and the same sign when v < 1. The result follows. [J

2.6 Nominal bonds

We now present a model of nominal bonds that incorporates a role for macroeconomic

announcements.

2.6.1 Inflation process

The real return on nominal bonds depends on the inflation process. Following Barro
(2006)), |(Gabaix| (2012) and |T'sai (2016), we assume that bonds exhibit a loss in the
event of disaster, and we assume, for simplicity that this loss is equal to the percent

decline in consumption. Thus, the price level P; follows

dP,
P—t = Qtdt + GdePt + (G_Zt - ].) dNu (35)
-

where ¢; is the expected inflation process, and is given by

dqt = /ﬁlq((jt — qt)dt + quBqt (36)
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where Bp; and By are independent Brownian motion processes that are also indepen-

dent of Bey and By,.

Expected inflation ¢ follows a Markov switching process, and, like \q;, is latent.
Consistent with the data (Tsai, 2016; |[Dergunov et al., [2018]), we assume that elevated
disaster risk and elevated inflation co-occur. That is, ¢ = ¢” when Ay = AP and ¢, =
g% when \i; = \%, with ¢® > ¢©. This implies that the macro-announcements, which
reveal the latent disaster-probability state, also reveal expected inflation. Given that

macro-announcements are often ostensibly about inflation, this seems reasonable/”|

2.6.2 The nominal state-price density and bond pricing

It is convenient to define a state-price density connecting nominal cash flows to nominal

prices. As is well-known, the nominal state-price density equals

Us;

=5 (37)

m

Thus if H*(p,, q;, 7, 5; por) denotes the price of a default-free nominal bond with s years

to maturity and a face value of 1, no-arbitrage implies

7T$
H$(pt7Qt7T7 S;pOt) = Et |: t-gS:| . (38)

Ty

Given , the evolution of the nominal state-price density follows from It6’s
Lemma (see Appendix [C| for more detail).

Theorem 7. Fort € N, the evolution of the nominal state price density m is char-
acterized by

dwf s _ (1-7)Z
5 = —(ry + (Al(pt) + )\Zt) E, [6 nee 1})dt

-

—y0dBeg; + (1 — 7)brxoay/ Aad By, — opdBpy
+ (% _1)dN,, (39)

13We continue to assume that the agent infers the state only from announcements, and not from
inflation observations. Because announcements are frequent and informative, this is reasonable.
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where r¥ is the nominal riskless interest rate,
rf =74+ q —0p— (A + Mot B, [e’”zt(ezt — 1)] , (40)
and where by is given by Theorem [1[1]

Proof. By applying 1t6’s Lemma on we get . O

Our specification implies that the announcement pertains to expected, not actual
inflation. It follows that over the infinitesimal interval defined by the announcement,
the nominal stochastic discount factor — namely the change in the state price density

— is equal to the real stochastic discount factor.

Lemma 3 (Nominal announcement SDF). Fort € A, with probability 1,

M T (41)

Zero-coupon nominal bonds are priced in a manner analogous to equity strips in

Theorem 4[]

Theorem 8. The time-t price of a nominal zero-coupon bond maturing in s years is

gien by
o’ (pt, q, T, 3;p0t> = €xXp {a$(7, 55 pot) + b;s;(s)pt + bg(s)%} (42)
where .
$ _ —KgqS __
bh(s) = e 1), (43)

and where bS(s) solves

Ib(s)
0s

14The nominal riskless interest rate (sometimes called the nominal riskfree rate) is the nominal
return on the asset that is instantaneously riskfree when payoffs are expressed in nominal terms.

15In this specification, bond prices do not depend directly on the disaster probability. This is
because the effect of the disaster probability on the nominal riskfree rate and on the risk premium
cancels out. We make this assumption for simplicity: our results do not depend on it.

= —(npc + 1ap)b(s) + bi(s)ke (7° — 7°) (44)
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with boundary condition bf;(()) = 0. Define the function a®(7, s;po) such that
$ . _ 78 . ’ 2 2 $ -G
a®(T, s;por) = h°(T + 8 pot) + / (=B — pe +v0" + o, + b (u)keq)du, (45)
0
for 7 €[0,T), s >0, po €{0,1}. The function h® uniquely solves

eh$(u;p0t* )J”bg(u*T)pt* — Et_

|: 6(177)&?076 +bppt)

hS (u—T;pot)+b8 (u—T)p;
SO (T ’ } o (46)

foru>T and h®(u;-) =0 foru e [0,T).

Nominal bond prices fall when expected inflation rises (b(s) < 0) and, when there
is an increased probability of the bad state (bf;(s) < 0, as shown in Appendix |C)).

Because of the latter property, bond prices also fall upon a negative announcement:

Corollary 6. The price of a zero-coupon bond with positive maturity on the announce-
ment date increases when the announcement is positive and decreases when the an-

nouncement is negative. That is
H%(1,),,0,5;1) < lin%Hﬁ;(pf,)\g,T,s;pgtf) < H%(0, 3,0, 5;0)
T—
for s > 0.

The intuition is the same as for equities in Corollary [2]

2.6.3 Bond risk premia

Finally, we describe instantaneous covariances and risk premia on bonds. First note
that the model implies that long-term nominal bonds have zero risk premia relative to
short-term bonds on non-announcement days. That is, relative to the nominal riskfree
rate , risk premia on bonds are zero. This is because bonds of all maturities are

equally exposed to realized inflation.

However, long-term bonds have greater exposure than short-term bonds to expected
inflation. Expected inflation is persistent, and thus the total loss, in real terms, on the
nominal bond is greater. In principle, this could generate a risk premium during non-

announcement periods if expected inflation were priced (i.e. if the Brownian motions
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B, and B¢ were correlated). Given the low level of risk aversion we assume, however,

this effect would be negligible.

What is not negligible, however, is the risk of changes in the mean of expected infla-
tion due to announcements. The model predicts that the disaster probability is priced.
When an announcement is negative, namely it reveals a high disaster probability, it
simultaneously reveals that inflation is high. Marginal utilities rise on the news of the
instability in the economy, exactly as bond prices fall because they will pay off less in
real terms. This generates a positive premium on announcements that increases with

maturity.

3 Quantitative results

We start by replicating the evidence of Savor and Wilson| (2014]) in an extended sample.
Section [3.1] describes the data and Section [3.2] the empirical findings. We then simu-
late repeated samples from the model described in the previous section. Section

describes the calibration of our model and Section [3.4] the simulation results.

3.1 Data

We obtain daily stock returns from the Center for Research in Security Prices (CRSP).
We consider individual stocks traded on NYSE, AMEX, NASDAQ and ARCA from
January 1961 to September 2016. In addition, we also use the daily market excess
returns and risk-free rate provided by Kenneth French. The scheduled announcement
dates before 2010 are provided by |Savor and Wilson| (2014). Following their approach,
we add target-rate announcements of the FOMC and inflation and employment an-

nouncements of the BLS for the remaining dates.

We define the daily excess return to be the daily (level) return of a stock in excess of
the daily return on the 1-month Treasury bill. We estimate covariances on individual
stock returns with the market return using daily data and 12-month rolling windows.
We include stocks which are available for trading on 90% or more of the trading days.
At the start of each trading month, we sort stocks by estimated betas, and create
deciles. We then form value-weighted portfolios of the stocks in each deciles, and

compute daily excess returns.
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We obtain daily bond returns from CRSP. We use returns on the Fixed Term
Indices. We subtract a daily riskfree rate, obtained from Kenneth french’s website to

obtain daily excess returns.

3.2 Empirical findings

Table[I] presents summary statistics on the ten beta-sorted portfolios. For each portfolio
J, 7 =1,...,10, we use the notation E[RX’] to denote the mean excess return, o7 the
volatility of the excess return, and 3’ the covariance with the value-weighted market
portfolio divided by the variance of the market portfolio. Table [1| shows statistics for
daily returns computed over the full sample, over announcement days, and over non-
announcement daysH There is a weak positive relation between full-sample returns
and market betas. On non-announcement days, there is virtually no relation between
betas and expected returns. However, on announcement days, there is a strong relation

between beta and expected returns.

Figure [I| shows average daily excess returns in each of the ten portfolios, plot-
ted against the betas on the portfolios for announcement days (diamonds) and non-
announcement days (squares). Also shown is the fitted line on both days. This relation,
known as the security market line, is strongly upward-sloping on announcement days,

but virtually flat on non-announcement days.

Table [2| shows that Treasury bonds also feature much higher returns on announce-
ment days. On non-announcement days, the beta on Treasury bond returns with
respect to the market is negative, and there is no discernable relation between risk
and return. However, this beta is strongly positive on announcement days, and a clear

security market line emerges.

3.3 Calibration

We now describe the calibration of the model in Section 2l We choose preference

parameters and normal-times consumption parameters to be the same as in |Wachter

16Betas and volatilities are computed in the standard way, as central second moments. An
announcement-day volatility therefore is computed as the mean squared difference between the an-
nouncement return and the mean announcement return. Announcement-day betas are computed
analogously.
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(2013). We also choose the same values for the mean reversion of the A\o-process (x) and
the volatility parameter of this process, o). For simplicity, we assume that, when the
economy is in the good state, the intensity Ay; is zero, that is A¢ = 0. We choose ngp so
that the bad state of the economy is a rare event, and npg so that it is persistent. The
unconditional probability of the bad state in our calibration is ngg/(nes +n8c) = 23%.
We then choose Ay and Ap with the restriction that the average disaster probability
is 3.6%, as in Barro and Urstia| (2008). The values Ay = 2.1% and A\p = 6.2% satisfy
that restriction. The disaster distribution is taken to be multinomial, as measured in
the data by Barro and Ursua. See Wachter| (2013)) for further detail.

We choose the disaster sensitivity ¢; to match cash flow betas equal to the range of
return betas given in the data, and so the average exposure is consistent with ¢ = BE
For simplicity, we assume that during normal times firm dividends grow at the same

rate as each other and at the same rate as consumption up = uc.

We take inflation parameters o,, op, and x, from Tsai| (2016)), who chooses them
to match the volatility and autocorrelation of inflation during normal times, as well
as the volatility of the short-term interest rate. Expected inflation in each regime is
chosen so that it equals normal-times expected inflation in the data. Table |3| reports

parameter choices.

3.4 Simulation strategy

To evaluate the fit of the model, we simulate 500 artificial histories, each of length 50
years (240 x 50 days). We assume that announcements occur every 10 trading days.
For each history, we simulate a burn-in period, so that we start the history from a draw

from the stationary distribution of the state variables. We simulate the model using

1"Very roughly, the beta during normal times is equal to

E, {e(w—wzt _ e(l—v)Zt}

B~ (47)

E, [e(qg—’Y)Zt — e(l—’Y)Zt] :

where ¢ is the target market leverage. This follows because normal-times beta is driven by exposure
to Ag¢. For assets of similar maturity structure and Brownian risk, the relative loadings on Ay; are
proportional to the numerator in (47)), because it appears as the constant term in the differential
equation for bsz (see Equation . We solve for ¢; such that QD gives us the range of betas
observed in the data. The resultant values of ¢; range from 1.3 to 10.5. Our results are not at all
sensitive to the precise values of the ¢;.
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the true (as opposed to the agents’) distribution. We report statistics for the full set
of sample paths.

While time is continuous in our analytical model, it is necessarily discrete in our
simulations. We simulate the model at a daily frequency to match the frequency of
the data. We compute end-of-day prices, and assume the announcement occurs in the

middle of a trading day.

Given a series of state variables and of shocks, we compute returns as follows. For
each asset j, define the price-dividend ratio G = F//D]. From , it follows that

G{ is a function of the state variables alone. We approximate the daily return as

Fline DZ—&—AtAt
B
Di+AtG§+A; + Di, \ AL
DGy
D§+4t Gline + At
Dy Gy

j ~
Rt,t+At ~

(48)

G, ap + At
G

1
A exp {#DAt - 502At + o(Beysar — Bat)} ;
where At = 1/240. The last line follows because we consider sample paths with no

disasters. The risk free rate is approximated by
Ry = exp(r/At). (49)

The daily excess return of asset k is then

Rth,t—‘,—At = Ri,t—i—At - th' (50)

We define the value-weighted market return just as in the data, namely we take a
value-weighted portfolio of returns. We assume that the assets have the same value
at the beginning of the sample. Because the assets all have the same loading on the
Brownian shock and the same drift, and conditional on a history not containing rare
events, the model implies a stationary distribution of portfolio weights. Given a time
series of excess returns on firms (which, because we have no idiosyncratic risk, we

take as analogous to portfolios), and a time series of excess returns on the market, we
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compute statistics exactly as in the data.

3.5 Stock returns on announcement and non-announcement

days

Figure [2 displays our main result. We overlay the simulated statistics on the empirical
statistics from Figure [I[¥] Each dot on the figure represents a statistic for one firm,
for one simulated sample. Blue dots show pairs of average excess returns and betas
on announcement days, while grey dots show pairs on non-announcement days. The
figure shows that average returns on announcement days in the model are much higher
than on non-announcement days. Furthermore, average returns vary with beta on

announcement days in the model, whereas the do not on non-announcement days.

Figure3|further clarifies the relation between the announcement and non-announcement
days in the model by showing medians and interquartile ranges from the full set of sim-
ulated samples. Median returns closely match the data, whereas interquartile ranges
show that the vast majority of samples with announcements can be clearly distin-

guished from those of non-announcements.

How is it that the model can explain these findings? Announcements convey impor-
tant news about the distribution of future outcomes in the economy. On that day, it is
possible that a bad state of the economy could be revealed. If the bad state is realized,
not only will asset values be affected, but the marginal utility of economic agents will
rise. Thus investors require a premium to hold assets over the risky announcement

period.

In our model, some assets have cash flows that are more sensitive to others. The
sensitivity parameter ¢;, while not the same as the beta, is closely related. Assets
with high ¢; have a greater dividend response to disasters. Their prices thus move
more with changes in the disaster probability, and in particular with A; and Ag;. The
value-weighted market portfolio of course also moves with the disaster probability, and
thus the higher is ¢; (over the relevant range), the higher is the return beta with the
market, both on non-announcement days (which reveal information about Ay, and on

announcement days, which reveal additional information about Ay;.

18This figure reports simulated statistics from samples without disasters. As we show below, this
does not affect inference from the model.
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Thus the model predicts a relation between risk and return on both announce-
ment and non-announcement days, but because the risk is so much greater on an-
nouncement days, the premium, and therefore the spread in expected returns between
low and high-sensitivity assets, will also be much greater. A more subtle question is
whether this slope is commensurate with the equity premium on announcement versus
non-announcement days. We will see in fact that, while the equity premium on an-
nouncement days is low, the median slope is lower still, due to model mis-specification.

This is discussed at the end of the next section.

In the discussion above, we focus on results for the cross section. The model
also captures the time series result that most of the equity premium is realized on
announcement days (Savor and Wilson, 2013; Lucca and Moench| 2015). Table
shows that the average market return is far higher on announcement days versus non-
announcement days, both in the model and in the data. On the other hand, the increase
in volatility is small. While the median increase in volatility is greater in the model
than in the data, the data is well-within the 90 percent confidence intervals, reflecting
the fact that a substantial fraction of the samples feature no increase in volatility on

non-announcement days at all.

3.6 Bond returns on announcement and non-announcement

days

A crucial difference between bonds and equities is that equities are, by virtue of their
cash flows, exposed to aggregate stock market risk. For bonds, this need not be the
case. Indeed, Table [2] shows that betas on bonds are close to zero on average. It
is well-known that the covariances between Treasury bonds and stocks are unstable
(Campbell et al., [2017), suggesting that the the beta does not reveal much about the
risk in bonds. This makes it all the more striking that bonds exhibit positive betas on

announcement days, and that these betas line up with the expected returns.

Table [5| compares the cross-section of bonds with that of equities. We run the
regression
E[RX] |t € i] = 6,87 + error, (51)

where i = a (announcement days) or n (non-announcement days). The regression

slope 9; is the slope of the security market line. It is simulatenously a measure of
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risk and return, and a measure of the daily market risk premium. Table [5| shows
an economically significant difference between the slope on announcement and non-
announcement days for equities. The measure of the market risk premium is consistent
with that found in Table [ on both types of days. For bonds, the data reveal a slightly
negative slope on non-announcement days. The slope on announcement days is strongly
positive. To summarize: both equities and bonds exhibit a strong relation between
risk and return on announcement days. Bonds, unlike equities exhibit no relation
on non-announcement days. Furthermore, betas for bonds change substantially on

announcement days versus non-announcement days.

What does the model have to say about these findings? Section 2| shows that, on
non-announcement days, the true instantaneous covariance between bonds and stocks
is equal to zero. This implies that the true security market line is undefined on non-
announcement days. Thus the model is consistent both with negative observed betas
on non-announcement days, and the fact that these betas exhibit no relation with
expected returns. On the other hand, macro-announcements directly reveal news about
bond cash flows, because they are informative about inflation. In our model, news of
higher inflation is interpreted as indicating macroeconomic stability. Losses on bonds
therefore coincide with losses on the stock market. Thus the model predicts both
positive betas on bonds on announcement days, and a strong risk-return relation.
Table [6] shows that, indeed, bonds have much higher betas on announcement days in
simulated data. In contrast, equity betas can increase or decrease, with confidence
intervals generally containing zero. Table [5| shows that the slope of the security market
line in the model, while slightly negative on non-announcement days, is positive and

large on announcement days.

Because betas on announcement days are higher in the model than in the data, the
model does not succeed in capturing the full magnitude of the announcement-day slope.
The model does succeed, however, in capturing the fact that bonds display market risk
on announcement days, and no market risk on non-announcement days, and that this
market risk is priced. In the model, news about disaster directly correlates with that of
expected inflation. Stated differently, the announcements are concerned with inflation;
investors perhaps infer that information concerning inflation also is informative about
disasters. Moreover, because inflation tends to rise when the probability of a disaster
rises, news about inflation is priced. The greater the bond maturity, the greater the

impact of this news, and the greater is the expected return.
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Finally, Table [5| shows that the slope of the security market line for equities pre-
dicted by the model is about half the size of the equity premium on non-announcement
days. That is, while the model predicts that the premium is far lower on non-
announcement days, as compared with announcement days, it also correctly pre-
dicts that the slope of the security market line is below even the premium on non-
announcement days. The reason is that a the relation between normal-times covari-
ance and expected returns is non-linear. Normal-times covariance is proportional to
the premium for bearing risk of changes in the disaster probability, but not the disaster
premium itself. In a sense, large betas are too large given their expected returns, and
small betas are too small — both types of stocks have more similar exposure to disaster

risk than one would think from their betas alone.

4 Conclusion

The Capital Asset Pricing Model has been a major focus of resesarch in financial
economics, and the benchmark model in financial practice for over fifty years. Despite
its pre-eminent status, years of empirical research has found little support for the
CAPM. That is, until quite recently. The CAPM predicts a tight relation between
market beta and expected return, known as the security market line. Recent research
has shown that this security market line, seemingly absent on most days, appears on

days with macro-economic announcements.

This paper builds a general equilibrium model to explain why the security market
line appears on macroeconomic announcement days, but is hard to discern on others.
The model derives the result from underlying economic principles in a frictionless
environment. For this reason, we can explain why the relation between risk and return

is not asset-class specific. It holds for both bonds and equities.

We explain the finding through a combination of two mechanisms. The first is a
preference for early resolution of uncertainty, as described in Epstein and Zin| (1989)).
The second is rare events. The risk that is realized on announcement days concerns
the probability of a rare negative event to the economy. These mechanisms together
imply that assets that are especially exposed to these events carry high premia, even

though it is not necessary to observe the occurance of the event itself.

While our focus in this paper is on macro-announcements, our the methodology
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can be applied to scheduled announcements more generally, and understanding the

rich array of empirical facts that the announcement literature has uncovered.
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A Solving the representative agent’s value function

Define the vector Brownian motion dB; = [dBcy, dBy". In what follows, we use E; to
denote expectations taken under the agents’ subjective distribution. The notation E,

denotes expectations taken with respect to the random variable 7.

A.1 Continuation Value

Lemma A.1. In equilibrium, the representative agent’s continuation value equals

1 _ -
J(Ct, pes Ao, T3 pot) = EC,} "I(pe, Aot T por) 7, (A1)
with

I(pe, Xot, 75 por) = exp{a(7;por) + bppe + badat}, (A.2)
and

A = \NE, [e(l_V)Zi — 1}
(1 =9)(B+nes +n8c)

IR A rrverr )
A

Jor py € 10,1], Aoy € [0,00), 7 € [0,T), por € {0,1} and where a defined as

by =

by =

a’(T;pOt> = CpozeﬁT +

1 1 - MC
B (MC — 5702 + bynap + barAg + - [E,,e(lﬂ)zi — 1]> . (A3)

The constant terms (y and ¢, solve

eI Qe Hbpp®) — G o(1=1)(Citbp) (1 —p)elt=c

AA
NG T4 0pP) _ B (=) (Citty) 4 (1 pB) =760 (A.4)

Y

with p& and p? defined by .
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Proof. Conjecture that, at the optimum, the value function can be written as
Vi = J(Cy, pr; Aat, T; Dot ) - (A.5)

Note that pgy; is a discrete variable that changes only for t € A. For t € N, the

Hamilton-Jacobi-Bellman equation applies and

oJ o0J oJ —
f(Cy, Jp) + 3 80@#0 + = o [—pt(naB + nBa) + NaB] — aff@% A2)
10%J 10%J
+ 3agaCio + 5 5o

+ (PN + (1= p )X + o) B, [J(Ce?,-) — J(C,)] =0. (A.6)

Conjecture a solution of the form (A.1)) and (A.2)). The conjectured form (A.1]) implies

%ﬂ&ﬂo—ﬂaszdwwm—ﬂ- (A7)

Substituting (A.1)) and ( into - and dividing both sides by J, we obtain

= A1 = ) ]a(7; 7o) + byp + brdac]

+(1-y)2

dT(TSPOt)+ (L=7)pc+ L =7)b, [=pi(mes + nsc) + nep] — (L—7)brk (Ao — A2)

1 1
- 57(1 —7)o” + 5(1 —7)* Y03 e
(AP = A)E, [U0% 1] 4 AR, [0% 1] 4 Ay, [(00% 1] =0,
(A.8)
Collecting coefficients on p; and on Ao, we obtain
—B(1 =7y — (1= Nby(nas +n6) + (A = X9 E, [0% —1] =0 Ao
1 - A9
=Bl =7)bx = (L= 7)bar + 5(1 = 7?6303 + E, [e 07 — 1] = 0.
The equation for b, in the text follows.
We also have the following quadratic function of by:
1 272 1 (1—7)Z
5(1 — ’)/)O'/\b)\ - (ﬁ + K)b,\ + EEU [6 — 1} = O, <A10>
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which has solution{™

1

by = ——
YT A -0l

(ﬁJrﬁ_ \/(ﬁJrﬁ)z — 202F, [e0-% — 1])_ (A.11)

Finally we solve a(T; pOt). Collecting constant terms gives the ODE

— 6= )a(rim) + (1= 9) i)

- 1
+ (L =y)pc + (1 =7)bpnas + (1 —7)brrAs — 57(1 —7)o?+\°E, [e(l’W)Zt — 1} =0,

which is equivalent to

da 1, _ A&
%(T;pm) = 5G(T;p0t) — o+ 570 —bynap —bakAs — T

B, [e97% —1] . (A12)
Equation implies a general form for a(T; pgt):

@(T§p0t> =

1 1 A
Cpo €7 + 3 (,uc - §v02 + bpnas + bARA + T WEV [e(l_V)Zt - 1}) , (A.13)

where (,, € {Co, (1} for as yet undetermined coefficients (y and ;.

To obtain (y and (i, we require boundary conditions for (A.12). We obtain these
from the optimality condition at announcements. Along the optimal path, continuation

value must satisfy
e =g | [T el
t
= E- [Vt]

Equation is trivial except for t € A. For t € A however, (A.14]) yields the required
boundary conditions. First note that, by definition of A and of 7,

(A.14)

}LTI% J(Ctnptn )‘2,t*77;p0t*) =L [J(Ct,pt, Aot 0;p0t)] . (A-15)

That is, the value function the instant before the announcement must equal the expec-

tation of its value just after the announcement. Furthermore, because C}; and Ay, are

19Gee [Tsai and Wachter| (2015)) for details about choosing the solution to by.
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continuous at ¢t with probability 1,

Th_{r% J(Ct,pt—, )\27&,7';]?015—) = Fy- [J(Ctapta Aat, OEPOt)] .

Equation , together with the form of I and Lemma , restricts CL(’T; pOt). That
is, because value must follow a martingale, and because consumption, and Ay, will
not change in the instant before and after the announcement, a(0; po;) must adjust to

compensate the expected change in p;. In technical terms,

Lim 6(1—7)(“(T§p0t*)+bppt*) — Et— [6(1—7)(‘1(0§P0t)+bppt]

Y
T—T

for t € A. Cancelling out the constant term in a(-, -) implies

e(l*"/)(CpOt_ AT +bpp, ) =B, [e(l—y)gpm—l—bppt} . te A.

Immediately following the announcement p; = po; € {0, 1}. Therefore,

6(1*’7)((19(”_ CHTerppt—) — (1 _ pt_)e(l—"f)CO _i_pt_e(l—’)’)(l“‘bp (A]_6)

Applying (A.16]) at po;—- = 0 and pg- = 1 implies (A.4), uniquely determining (5 and
G- O

A.2 The state price density

Lemma A.2. The process m; is characterized by
b
T = Bexp {/ Wf(C’s, Vs)ds} C7V(pey Aoy, T5p00) 7, (A.17)
0

where 1(py, pot, Ao, T) is defined by (A.3).

Proof. Duffie and Skiadas (1994) show that

Lo 0
T = exp {/0 8—Vf(C’S, Vs)ds} %f(Ct, Vi). (A.18)
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The form of f implies

0 Vi
9C (Cr, Vi) = B(1 - V)E
= B(1—~) (1— 7)7102_71(1% Not, T3 por) 7 (A.19)

Cy
= BC; 1 (pr, Ao, TSPOt)lJY-

Combining (A.18)) and (A.19)) implies

Lo

T = Bexp { Wf(CL% ‘/s)dS} C;'Yl(ph )\Qtv T;pot)liw‘
0

]

Proof of Theorem [Il For this proof, assume ¢t € N. Ito’s Lemma and Lemma

— = Mgt t Ort t — ts .
L e dt + e dB,; + t ! dN, A.20

- Tt—
for a scalar process p,; and a 1 X 2 vector process am@ It follows from (A.17) and

Ito’s Lemma that

Ont = [=70, (1 = 7)broay/ e, (A.21)
and that, for t; = inf{t| NV, = i}

Ty, — T—
b T vy (A.22)
7Tt7

It follows from no-arbitrage that

d
EH —

T¢—
It follows from the definition of an intensity that

d )
Ey- {ﬁ} = Mt + ()\1 (pe) + >\2t) E,le% — 1],

T¢—

2Lemma also implies the continuity of y; and o,; on non-announcement dates. This allows
us to use ¢ rather than ¢~ to subscript these variables in (A.20)) and elsewhere.
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implying
Mnt = — T — (5\1 (pt) + )\2,5) El,[eifyzt — 1], <A23)

where r; = r,— because ji¢, and Ao are continuous.

Finally, we show ({15]). Note taht

%f(ct, Vi) = % (5(1 —7)V;log C; — BV;log[(1 — fy)‘/;})
= B(1—v)log Cy — Blog[(1 —y)Vi] — 8 (A.24)

= —B{1+ (1= a(7;por) + bpp + badae] } -
It follows from (A.17) and Ito’s Lemma that

fhmt = {—ﬁ [1 + (1 —7)a(7;por) + (1 — 7)bppe + (1 — v)bxkzt} +(1- 7)%} dt

— yuedt + (1 — )b, [—pmpe + (1 — p)nas] dt — (1 — y)bak(Agr — Ao)dt

1 1
+ 5707+ Dodt + (1= 7)o Nudt.

Collecting terms and applying the equations for a(T; pOt), b, and by yields

Mt = — (B + pe — 0’ + (5\1(]%) + /\Qt) [Eue(l_v)zt - 1]) dt. (A.25)

The result then follows from (|A.23]).

]

Proof of Theorem [2. Consider ¢t € A, namely announcement times. With probabil-

ity 1, a disaster does not coincide with an announcement. Therefore, it follows from

(AT7) that

™ [(pt Aoy 0'p0t> e(1=7)(a(0pot)+bppt)
— = lim = = lim : .
Ti- =T (P Aoy, Tipor=)  7=T e 0(a(Tpor =) rbop,—)

The first equality holds except on a set of outcomes of measure zero. We use the fact
that Ao, is continuous. The second inequality follows from the conjecture (A.2)). The
result then follows directly from the definition of a(+;-) in (A.3]). O
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Proof of Lemma 2l Suppose by contradiction that
Co < C1 + by. (A.26)

Recall the following pair of equations which determine ¢, and (;:

N (T H0pp%) — G- (Crtby) 4 (1 — @)1= .
6(1*7)(416BT%PPB) Bo(1=m)(G+bp) 4 (1 (A.27)

- D )
The expressions on the left hand side of (A.27) are weighted averages of e(l=7)(G+bp)
and e=% with weights between 0 and 1. Thus they must lie between these two

terms. It follows that
CO S QOGﬁT + bppG

o 5 (A.28)
Ge” +bpp” < G+ by
However, (A.28) implies
Co(1— €Ty <bp <0
Gi(e”" —1) < b,(1—pP) <0,
because b, < 0. Therefore (; > 0 and (; < 0, contradicting (A.26]).
O

Proof of Theorem [3. It follows from , applied in the limit as 7 — T, that p? >
p¥. This is intuitive: because states are persistent, if the previous announcement
revealed a negative state, it is more likely that the next announcement will also reveal

a negative state than if the previous announcement were positive.

Define the notation

7B = (=)
70 — o= (Coe" +bpp” )

7B = (=N (Ge’T+p”)
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It follows from that

B

-G elll

p =0 -
pYe
B
s

~B B

b =0 —=
=B

First consider the case of v > 1. We want to show that

G
PB 7_TB pB + 7rBTr—7rG
= __=——T-r
e e
The second inequality follows from ((18), or equivalently, m,- = E;-m;. Moreover,

o Big . ) .
Lemma (2| implies 72 > 7. Because 272 is a decreasing function of z, the result

pCta
follows.

Now consider v < 1. Because 7¢ > 78, 7% > 78, Thus

B
g

<1 =

>1||>1|
Q ®
=3

B Pricing equity

Appendix derives result for equity strips (namely a claim to a dividend paid at a
single point in time). Appendix uses these results to derive results for dividend

streams. We suppress the j subscript when not essential for clarity.

B.1 Pricing equity strips

We first derive the no-arbitrage condition on intervals without announcements.

Lemma B.1. Let H; denote the time-t price of a dividend Dy with t* > t, such that
the distribution of Dy /Dy is determined by the state vector py, pot, Aog. Define s = t* —t
and 7 =tmod T. Then

Hy = H(Dy, pr, Aat, T, 83 pot) = Dy By { (B.1)
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Moreover, fort € N', H; satisfies

dH,
H—t = pdt + ogd By + (€94 — 1)dN,, (B.2)
-~

with fig = NH(pta Ao, T, 5;p0t) and o = UH(pm Ao, T, 3§p0t)7 satisfying
[ + Hont + THo L + (;\1(2%) + >\2t) E, [€(¢_7)Z - 1} = 0. (B.3)

Proof. Equation follows from the absence of arbitrage and the Markov property
for the dividend process D; and the state-price density 7. Given that Hy/D; is a
function of the state variables, (B.2)) follows from Ito’s Lemma and the fact that only

D, changes in a disaster.

Equation (B.1)) implies that 7 H; is a martingale. Define
w = inf{t : Ny =1}, (B.4)

as the arrival time of the [*® Poisson arrival. Consider ¢t € A and chose At sufficiently

small so that the interval [t, ¢+ At] does not contain an announcement. It follows from

B that
t+AL t+AL
Ht+At7Tt+At = Htﬂ't—i_/ 7TuHu</J/Hu+//L7ru+O'Hua;rru)du+/ 71-uI—Iu(O'Hu_'_o'ﬂ'u)dBu
t t

+ > (muH, —m,_H, ). (B5)

t<u;<t+At
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Rewriting, we have:

t+At
Ht+At7Tt+At = Htﬂ't"i_/ 7TuHu (,uHu + Mz, + O'Huo':u + (5\1 (pu) + )\Zu) Eu [e(d)i’Y)Z - 1]) du
t

N

J/

-~

(1)
t+At
+ / 71-u]_—’u(O-Hu + Uwu)dBu
t

& J/
~~

(2)

t+At
Y = )= [ L (ap) ) B [ 1] du

t<u;<t+At

J/

-

(3)
(B.6)

Since Hym; is a martingale, the time-t expectation of Hyiaimiin: must be Hymy. In
(B.6), (2) and (3) have zero expectation, so that the integrand in (1) must be zero. We

obtain (B.3]). O

Proof of Theorem 4l Define H; as in Lemma [B.I] Conjecture that H,; takes the
form for as-yet unspecified functions as(7, s;po), bep(s) and bga(s). No-arbitrage

implies the following boundary condition for the zero-maturity claim:
H(D7p7 )‘277—70;])0) =D.

Thus
ag (7, 0; po) = bgp(0) = by (0) = 0. (B.7)

Consider t € N. Define pupy; and op; as in Lemma [B.I} Applying Ito’s Lemma to
the conjecture implies
oa oa -
HHE = UD T+ 2=ty bgp(8)NaB + bpa(s8)KA2

or Js
Obgy 1 2 o
T\ T T bop(s) (NG +nGs) | pr+ “os §b¢>/\<3) 05+ Kboa(s) ) Azi, (B.8)

OHt = [O’, bpr(s)ox )\gt] . (B.9)
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Substituting (B.8), (B.9), (A.25)), and (A.21)) into Equation of Lemma and

matching coefficients implies

b
_(9(3—1;(5) _ (UBG + 77GB)b¢>p(8) + ()\B . )\G)E,, |:€(¢7'Y)Zt _ e(l*’Y)Zt} —0 (B.IO)

db 1
— ZAS(S). + éaib@\(s)? + [(1 = )bro? = K] boa(s) + B, [e@ 0% —1-02) =0, (B.11)
and
dag _ Day G (¢—)Z (1-)Z 3
9 s B+pc—pp—A"E, [e M4 _ U=y t} — KXabpr(s) —Napbep(s). (B.12)

Then (26) uniquely solves (B.10) together with the boundary condition (B.7)). More-
over, (B.12)) and (B.7)) ensure that that a, takes the form (28]).

Finally, we solve for the function h. Recall that a(7,0;p9) = 0, for all 7 € [0,T).
Then, from (28)), h(7;po) = 0 for all 7 € [0,T). However, h is only defined as a function
of 7 + s. Therefore h(u;py) = 0, for u € [0, 7).

For uw > T, iteratively determines h(u;py). We now derive (29). Absence of
arbitrage and the (almost sure) continuity of Dy, Ay and s imply, for ¢ € A,

. YIs
lim H<Dtapt*7)\2ta7_7 3;p0t*) = Fy- {—t (Dtapta)\Qtaoas;pOt)] . (B-13)

T—=T T—

We use to write ([B.13)) more explicitly as
. T
h_IB% exp{as(T, $;pot-) + bep(s)pi-} = Ey- [W—t exp{ay(0, s; por) + b¢p(5)pt}] (B.14)
T t—
Equation [28| and (B.14)) then imply the following restriction on h:

exp{ (T + s; por-) + bgp(s)pi-} = Ey- L:r—t exp{h(s;po) + b¢p(s)pt}} ) (B.15)

t

Defining u = T + s and substituting in for the announcement SDF m;/m;- from
gives us .

It remains to show that uniquely characterizes h. The discussion above estab-

lishes h(u, py) = 0 is the unique solution for u < 7. We show uniqueness by induction
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of the number of announcements prior to maturity of the asset. Define

7

n=|=|.

T

Assume by induction that A is unique for v € [(n — 1)T,nT), n > 1. Then, for each

u € [nT, (n+1)T), (29), applied at po~ = 0 and pp,- = 1 is a system of two equations

in two unknowns. It therefore uniquely pins down h(u; po). ]
We now prove the result on the effect of an announcement:

Proof of Corollary [2 We seek to determine the sign of H, — Hy— for t € A.

Using , , and the almost-sure continuity of all variables around announce-

ments, with the exception of p; and pq, it suffices to show that
h(s;0) > h(s;1) 4 bgp(s) (B.16)

for s > 0. The reason is that (B.16) is equivalent to the result that H; is lower for a
negative announcement than for a positive announcement. Because H;- is a weighted
average of these outcomes, it follows that H; < H;- when the announcement is positive

and H; > H;- when the announcement is negative.

When s < T, follows from h(s;1) = h(s;0) = 0 and bgy(s) < 0 when
¢ > 1. We now show for general s > T using induction on the number of
announcements prior to maturity. Assume the condition holds for s € [(n — 1)T,nT).
Using and the definition of the risk-neutral probabilities from Theorem |3| we have

6h(s;0)+b¢p(s—T)pG _ ~G’6h(s—T;1)+b¢p(s—T) + (1 _ ]ij)eh(s—T;O)

h(s—T30)

6h(s;l)—i—b(/m(s—T)pB _ ﬁBeh(s—T;1)+b¢p(s—T) + (1 . ]5B>€ )

Theorem [3| shows that p? > p&. Therefore, by the induction step

h(s;0) + bgp(s — T)p® > h(s; 1) + bgy(s — T)p®.
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Finally,

h(s;0) > h(s;0) + byy(s — T)p“
> h(s;1) + bgy(s — T)p”
> h(s;1) + bgy(s —T)
> h(s;1) + bgy(s)

The last inequality follows because by, is a strictly decreasing function. Therefore
(B.16]) holds for all s > 0, which completes the proof. O

B.2 Stock prices

The following Lemma extends Lemma to the case of an asset paying a stream of

dividends. We drop the j superscript when not essential for clarity.
Lemma B.2. Let S; = S(Dy, pi, Aat, T; por) denote the time-t price of a future dividend
stream {Ds}se(,00) Satisfying @) Then
oo 7Tu
t
Moreover, for t such that t mod T # 0, there exist processes ps; = ps(Pe, Aat, T; Pot)
and gy = 05(pt, Ao, T; por) such that

ds Sy — S,-
—t = Ust dt + Ost dBt + ;dNt (B18)
Si- Si-

that satisfy the no-arbitrage restriction
Dy T () -z _ 1] —
Mrt + pise + — + 0x0g; + ()\1 (pe) + )\Zt) E, [6 - 1} = 0. (B.19)
t

Proof. Applying (B.1)) and interchanging the position of the integral and the expec-

tation, we have

St = / H(thtyAQt)TaS;pOt) dS) (B20)
0

Equation then follows by Ito’s Lemma and the homogeneity of H in D. Let
HH(s),t = MH(ptvahAQt)T»S) and OH(s)t — O-H(ptapot7/\2t77—a 3)7 ERS [Oa OO) It follows
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from It6’s lemma applied to both sides of (B.20]) that

St,USt = / Ht(s),uH(s%tdS _ Dt
0
StUSt = / Ht(S)O-H(S),tdS
0
> H,
TSy — m-Si- = (mDy — Wt—Dt—)/ tD(s) s
0 t

The last term expression from the continuity of Hy(s)/D; for t € N. Then (B.19)
follows from ([B.3)). O

Proof of Theorem [5l For convenience, we drop the j superscript. The Theorem fol-

lows from the definition of the expected return , from Equation of Lemma ,
and from the equation for the riskfree rate . We use [to’s Lemma to note that

Ogp = ai%a A
St — 7Sta>\2 A 2t .

C Pricing nominal bonds

In this section we derive results for nominal zero-coupon bonds. We generalize the

process in the main text. Assume the price level is given by

dP,
- = @t +0ydBpy + (7 = 1) dN,, (C.1)
t

where ¢, is the expected inflation process, and is given by
dqt = /iq((jt — Qt)dt + quBqt + thdNt. (CQ)

so that a disaster is allowed to affect both realized and expected inflation. We recover

the case in the main text by setting Zp; = —Z; and Z, = 0.

We first show the validity of the nominal stochastic discount factor.

Lemma C.1. Let H} be the time-t nominal price of a zero-coupon asset at time t.
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Then absence of arbitrage implies that there exists a nominal stochastic discount factor
78 =,/ P, such that
m HY = By [7SHY| Vs > t. (C.3)

Proof. The time-t real price of the asset is given by H?/P,. Absence of arbitrage

HS HS

implies that

Define 7} = 7,/ P,, then Equation is equivalent to (C.3)), which implies that 7¢ can

be used as a nominal stochastic discount factor process. O

The following corollary characterizes the dynamics of the nominal pricing kernel

when there is a rare event.

Corollary C.1. Conditioning on dN; = 1, the dynamics of 7} is given by

$ $
e Y (C.5)

$
7Tt,

The following lemma derives a no-arbitrage condition for nominal assets. The proof

is very similar to that of Lemma and so we omit it.

Lemma C.2. Now let Bf be the time-t price of unit nominal zero-coupon bond ma-
turing at time t*, t* > t. Define s =t* —t and 7 =t (mod T'). Then

3
e
Bf - V$(ptaqt7)\2ta7-78;p0t) = Et |: t$:| . (CG)

Ty

Moreover, fort € N', HY satisfies

dB? B} — B%
—s- = hdt + o}, dB} + ————dN,, (C.7)
B i
and
J (7} BY)

T —
Mit + N$J§t + UitU%t + (M(pe) + Aat)

Here pif, and o, are the local drift and (diffusion) volatility of 7%, respectively.
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Proof of Theorem [8. Define B} as the time-t price of asset in Lemma . Conjec-
ture that B} takes the form for as-yet unspecified functions a®(, s; po), b3(s), bi(s)
and bi(s). No-arbitrage implies the following boundary condition for the zero-maturity
claim:

exp(a®(r,0; po) + bf;(O)pt + bg(o)% +b3(0)Aar) = 1.

Thus

a*(7,05po) = b(0) = b(0) = 3(0) = 0. (C.9)
Consider ¢t € N. Define pug; and opg; as in Lemma [C.2] Applying Ito’s Lemma to
the conjecture implies

da®  9d® O obS  ond

$
= — = — = — — — —A
Hbt or 0s 0s P 0s % 0s 2

1 1
+ 5[)?(8)20?\)\215 + 56?(8)202
+3(s) [~pina + (1 —penes] +b5(s) [~ rq(@ — (7% +pe(@® — 7)) +55(5) [~k (hat — Ao)]
8a¢ 8a¢ g $ $ _

= o Os + prGB + bq(s)/ichG + b3 (s)KA2

ob; ob, o 1
+ <_a_sp - bﬁ(nBG + UGB)) pit <_8_sq - qug(8)> g+ (—8—;‘ + 56?(3)20,2\ + /ﬁb(w(s))

and

Tl = [m bi(S)GA\/Azt,O,bﬁ(s)oq] . (C.11)

Moreover, by It6’s Lemman, 7r¥ defined in Lemma has drift and diffusive volatility
given by

15, = =B — po +70% — g+ 0B — (\(py) + Aay) By [e00% — 1] (C.12)
a3, = [=70, (1 = 7)broay/ Ao, —op, 0], (C.13)

Finally, and ((C.5) imply

7( 3PS
J(miBy) —E, |:€*'YZt*ZPt+b§(S)th 1] (C.14)

Combining results above and Lemma [C.2] and then collecting the coefficients of the
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random variables yield

2a®  9ad® - 1 2
0= a9 o T b3 (s)nap + b3 (s)kAa + bE(s)keq” + ibﬁ(s) ol (C.15)
—B—pc +y0% + 02 +)¢E, [677& (ebﬁ(s)zﬁ’z”t — eZtﬂ (C.16)
8bf;(s) $ $ B G B \G A Zi [ 68(8)Zgr—2 Z
0= — 55 (B + nap)by(s) + b, (s)k, (q —q ) + (AP = \9E, [e (e §(8)Za—2Zpe _ ﬂ
(C.17)
b (s 1
0= =28 i) + 30806708+ (1= (613 + B e (077 )]
(C.18)
Ob(s)
L R R 1)

Then (43) uniquely solves (C.19) together with the boundary condition (C.9)). More-
over, (C.15) and (C.9) ensure that that a® takes the form (45).

Finally, we solve for the function h®. Recall that a®(7,0;p,) = 0, for all 7 € [0,T).
Then, from , h¥(1;p9) = 0 for all 7 € [0,T). However, h® is only defined as a
function of 7 + s. Therefore h(u;py) = 0, for u € [0, 7).

For u > T, iteratively determines h®(u;pg). We now derive (46). Absence of
arbitrage and the (almost sure) continuity of ¢;, Aoy and s imply, for t € A,

711—132111 B$ (pt_ N /\2t7 T, S;pOt) = Et_

s
— B (0 )‘2t77—75§p0t)] : (C.20)

Ty
We use to write ((C.20]) more explicitly as

7T$
WTf exp{a®(0, s; por) + b$(3)pt}] (C.21)

-

lim, exp{a®(7, s;poi-) + 0°(s)p-} = Ey-
T

Equation [45{ and ((C.21)) then imply the following restriction on h:

7T$
WTf exp{h$(s; Pot) + b$(s)pt}] . (C.22)

-

exp{h*(T + s, por-) + b*(s)pi- } = By

Defining v = T + s and substituting in for the nominal announcement SDF ¥/ Wf,

from gives us .

46



It remains to show that ) uniquely characterizes h®. The discussion above
establishes h®(u,py) = 0 is the unique solution for u < T. We show uniqueness by

induction of the number of announcements prior to maturity of the asset. Define
U
n=|=]|.
)

Assume by induction that h® is unique for u € [(n — 1)T,nT), n > 1. Then, for each
u € [nT, (n+1)T), ([46), applied at po~ = 0 and pp,- = 1 is a system of two equations

in two unknowns. It therefore uniquely pins down h®(wu; po). ]

Corollary C.2. When ¢® > q%, 0 <k, <1,0<npg <1 and0 < ngp < 1, bﬁ(s) <0.

Proof. We prove the corollary by contraditcion.

We know that

ob%(0)
—p pu—
L= =0 (C.23)
bi(s)/ﬁq(ch -q%) <0,5>0. (C.24)

Then there is a sufficiently small but positive s, such that

bﬁ(sl) <0

Suppose s, such that bf;(SQ) > 0. Then there must exists s*, such that

bi(s*) =0 (C.25)
ObS(s)
B 0. (C.26)

However, as b5(s*) = 0,

Ob3(s%)

s —0+b¥(s")kq(q% — 3%) < 0,

which is a contradiction. ]
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Figure 1: Portfolio excess returns against CAPM betas
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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. On the horizontal axis is 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).
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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. We use samples that do not
contain announcements. 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. Medians and interquartile ranges are
computed using all samples (those with and without disasters). 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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Table 1: Statistics on excess returns of 10 beta-sorted portfolios

Unconditional Announcement day Non-announcement day

E[RX"] ok BF  E[RX] ok g% E[RX] ok Bk
1.53 53.1 0.20 3.32 52.8 0.18 1.30 53.2 0.20
1.91 59.2 0.44 6.64 58.8 0.42 1.30 59.2 0.44
2.64 69.2 0.57 7.31 70.8 0.57 2.04 69.0 0.58
2.63 77.4 0.69 8.00 7.1 0.67 1.94 7.4 0.69
2.53 87.9 0.81 7.56 87.6 0.78 1.88 87.9 0.81
2.52 96.2 0.90 8.54 96.7 0.88 1.75 96.1 0.91
2.56 1054 1.00 8.58  107.5 0.99 1.79  105.1 1.00
234 1189 1.14  10.31 121.8 1.13 1.32 118.5 1.14
236  136.5 1.31 12.88  139.1 1.30 1.01 136.2 1.31
0 225  176.2 1.67 17.86  176.9 1.63 0.25  176.0 1.67

= O 00~ O ULk Wi |3

Notes: 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*]), and
CAPM beta (8*). 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: Statistics on excess bond returns

Maturity Unconditional Announcement day  Non-announcement day
k E[RX"] p*  E[RX"] Bt E[RX"] B
1 0.363 0.000 —0.043 0.007 0.415 —0.001
5 0.855 —0.007 3.211 0.029 0.549 —0.013
10 0.779 —0.010 3.882 0.051 0.376 —0.019
20 1.122 —0.021 4.988 0.060 0.620 —0.033
30 0.986 —0.045 5.219 0.046 0.437 —0.058

Notes: Sample statistics for excess returns on Treasury bonds. The sample period
is 1961.01-2016.09. We show the sample mean excess returns (E[RX*]) and CAPM
beta (8*). Returns and betas are computed using the full sample (first two columns),
announcement days (second two columns), and non-announcement days (last two
columns). Maturity is in units of years; returns are in units of basis points per day.
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Table 3: Parameter values for the simulated model

Panel A: Basic parameters

Expected normal-times log growth in consumption fc(%) 2.52

Expected normal-times growth in dividend fip (%) 2.52
Volatility of consumption growth (%) 2.00
Rate of time preference 0.012
Relative risk aversion -y 3.00
Average leverage ¢ 3.00
Panel B: The process for Ay,
Probability of disaster in the good state A® 0
Probability of disaster in the bad state \? 0.062
Probability of switching to bad state ngp 0.10
Probability of switching to good state npg 0.33
Panel C: The process for Ay
Average probability of disaster A, 0.021
Mean reversion in disaster probability & 0.08
Volatility for disaster probability oy 0.067
Panel D: Inflation

Expected inflation in the good state ¢© 0.014
Expected inflation in the bad state ¢© 0.070
Mean reversion in expected inflation &, 0.09
Volatility for expected inflation o, 0.013
Volatility for realized inflation op 0.008

Notes: Parameter values for the calibrated model, expressed in an-
nual terms.
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Table 4: The equity premium and volatility on announcement and non-
announcement days

Statistic Data Simulation Median 90 % CI
E[RX[k| A 10.79 8.69  [3.16,12.73]
std[RX K | A] 101.2 99.8  [70.2,168.4]
E[RX™K | ] 1.16 2.39 [1.09, 4.47]
std[RX [ | V] 97.8 68.9  [35.7,104.8]
E[RXME | A] — E[RX™ | V] 9.63 6.21  [0.45,10.51]
std[RX[K | A] — std[RXS |N] 3.4 33.1 [-22.6,112.3]

Notes: F,[RX™] and E,[RX™'] denote the average excess return on the mar-
ket portfolio on announcement days and non-announcement days respectively.
std, [RX] and std,[RX/™ ] denote analogous statistics for the standard de-
viation. The first column reports the empirical estimate. The second column
reports the median across samples simulated from the model. The third col-
umn reports the two-sided 90% confidence intervals from simulated samples.
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Table 5: Cross-sectional regressions on announcement and
non-announcement days

Panel A: Equity Portfolios

Coefficient Data Simulation Median 90 % CI
Oa 10.30 8.21 [2.95, 12.88]
5 1.23 1.70 [0.24, 4.36]
3u — 0 9.07 6.40 [0.59, 10.96]
Panel B: Nominal Bonds
Coefficient Data Simulation Median 90 % CI
3 93.33 8.44 [1.53,32.69]
5 051 254 [—643.09,510.38]
5o — 6, 93.84 14.58  [—494.50, 676.07]

Notes: For each sample, the regression E[RX} |t € i] = §;8F+
nF is estimated, where i = A, N stands for sets of announce-
ment and non-announcement days, respectively. These regres-
sions are estimated for beta-sorted equity portfolios (Panel A)
and for Treasury bonds (Panel B). The first column reports
regression slopes in daily data from 1961.01-2016.09. The sec-
ond column reports medians in simulated samples. The third
column reports 90% confidence intervals computed using sim-
ulations.

58



Table 6: Difference in announcement and non-announcement day betas in simulated
data

Panel A: Equity Portfolios

Portfolio 1 2 3 4 5 6
Median —0.18 —-0.07 0.04 0.12 0.20 0.28
90% CI [-0.30,—0.04] [-0.22,0.10] [-0.14,0.27] [-0.05,0.45] [-0.01,0.61] [—0.05,0.82]

Panel B: Bonds

Maturity 1 3 5 7 10
Median 0.01 0.22 0.49 0.81 0.95
90% CI [0.00,0.02] [0.06,0.29] [0.14,0.66] [0.23,1.11] [0.27,1.29]

Notes: In data simulated from the model, we compute betas on announcement days and non-
announcement days. We do this for beta-sorted equity portfolios (Panel A) and for zero-coupon bonds
(Panel B). The table reports the median difference and 90% confidence intervals for the difference.
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