SUPPLEMENT TO ”"RISK PREFERENCES AND THE
MACROECONOMIC ANNOUNCEMENT PREMIUM”

Hengjie Ai and Ravi Bansal

IN THIS SUPPLEMENT, we provide details of the proofs omitted in the main text and the
appendices of the paper. In Section S. 1, we prove the equivalence between the Arrow-Debreu
setup and the sequential market setup in the two-period model. Section S. 2 contains details of the
certainty equivalent functionals of dynamic preferences that Theorems 1 and 2 allow for and the

associated A-SDF. Section S. 3 provides details of the continuous-time model in Section 5 of the

paper.

S. 1 The two-period model

In this section, we provide a formal derivation of the A-SDF in the two-period model. We also
establish the equivalence between Arrow-Debreu markets and sequential markets in the context of
our model. We show that both formulations lead to the same set of asset pricing equations. Section

S. 1.3 discusses the A-SDF of the recursive utility in the two-period model.

S. 1.1 The Arrow-Debreu market

We use {C_'O,{C_'l (s)}ivzl} to denote aggregate endowment in our two-period model and use

{Cov(s), C4 (s)}i\le for the consumption choice of the agent. From an individual agent’s perspective,
the decision for Cy is made after the announcement, and therefore is allowed to depend on s. At

the aggregat level, Cy does not depend on s.

Trading on the Arrow-Debreu market happens in period 0~. Let go (s) be the period 0~ price
of an Arrow-Debreu security that delivers one unit of consumption good in period 0" and state s,
for s =1,2,--- , N. Similarly, let g (s) be the Arrow-Debreu price of one unit of consumption good
in period one and state s. Because markets are complete, the utility maximization problem of the

representative agent can be written as:

maxZ [u (Cy (s)) 4+ Su (C1 (s))]
N N
subject to Z [90 () Co () +q1 (s) C1(s)] < Z [(JO () Co+a1(s) O (S)}

s=1 s=1

In the above setup, because the announcement is made at time 01, from the agent’s perspective,
consumption at time 07 is allowed to depend on s, which we write as Cj (s). To save notation, as

in the paper, we denote Vs = u (Cy (s)) + Su (C1 (s)). Optimality implies
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where A is the Lagrangian multiplier of the budget constraint. In equilibrium, market clearing
implies that Cy(s) = Cp for all s. If we normalize the price of one unit state-non-contingent

consumption at time 0T to be one, that is, Zévzl qo (s) = 1; then, for all s,

OI[V]

oV,
w(8) = =y 577 (S. 1.1)
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Debreu prices. Clearly, (S. 1.1) implies the expression of the A-SDF in equation (12) of the paper.

. That is, we can simply use ratios of marginal utilities to compute Arrow-

S. 1.2 The sequential market

Here, we show that the two-period version of the sequential market setup described in Section 4
leads to the same asset pricing equation, (12). In period 07, there is no consumption decision and

the agent chooses investment in a vector of announcement returns to maximize:

max z [V (W’)}
{gj}jzl

J J
subject to : W, =W — ij + ijRAJ‘ (s), alls, (S.1.2)
j=1 j=1

where W' = {W;}ﬁ’:l is the realizations of wealth in the next period, and V (W') = {V; (V[/s’)}i\[:1 is
a vector of value functions. For each s, the value function Vi (W) is defined by the optimal portfolio

choice problem on the post-announcement market:

VW) = max u(Cols)+ Bu(Cr (s)
subject to = Ci(s) = (W —Co(s)) Rps. (S. 1.3)

Note that Rps is the return from period 07 to period 1 after announcement s. Because the

announcement fully reveals the true state of the world, Rp is a risk-free return.

The first order condition for (S. 1.2) with respect to ¢; implies that for any announcement
returns Ry ;,
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where W/ denote the equilibrium wealth of the agent in period 0T after announcement s. The

envelope condition for (S. 1.3) implies that % = o/ (Co(s)) = v (Cp), where the second



equality uses the market clearing condition. As v’ > 0, equation (S. 1.4) implies
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as in equation (11) of the paper.

S. 1.3 The example of recursive utility

Here, we provide details of the computation of the A-SDF for the recursive utility in Section 3.2 of
the paper. We illustrate that because the announcement in our model leads uncertainty to resolve
before the realization of consumption shocks, the computation of utilities and therefore, marginal
utilities differ from that in models in which resolution of uncertainty happens at the same time of

the realization of the consumption shocks.

Figure S. 1: Early and Late Resolution of Uncertainty
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Figure S. 1 plots a consumption plan with early resolution of uncertainty (top panel) and a consumption plan with

late resolution of uncertainty.

Figure S. 1 illustrates a two-period model with announcement and one without announcement.
The top panel is the same as that in Figure 2 in our main text, where the announcement at time
0" fully reveals the true state and leads to early resolution of uncertainty. In the bottom panel
of Figure S. 1, due to the absence of announcement, the uncertainty is resolved in period 1 when

consumption is realized; that is, it is a case of late resolution of uncertainty.

!The comparison between early and late resolution of uncertainty here is the same as that in Figure 2 of Kreps



We denote the utility at 0~ in the case of early resolution as V¥ ({C’o( ),C1 (s )}s 1)
Consistent with our previous notations, in the rest of this section, we will allow Cy to depend
on s when evaluating utilities, and will impose market clearing, Cy(s) = Cj for all s when
computing stochastic discount factors. In the case of early resolution, because there is no

uncertainty 1n perlod 0", we ﬁrst aggregate over time to compute the continuation utility as
Vs = 1 C E( ) + ,8 (s), and then aggregate over uncertain realizations of the

announcement to compute 1ts certalnty equivalent at 0~ as:

{Cé‘i (s)+pC. 7 (5)}””1} o (S. 1.5)

Clearly, Vs,

ovE

o)~ VTG T,

=B (s) (VE) Vi
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Therefore, the marginal utility of one unit of data-0 state un-contingent consumption can be

computed as

N £ 1
— |:Z7T(5)V51w (VE)VC'O_E,

where the second equality imposes market clearing. Therefore, the price of one unit of consumption

good paid in period one, state s, measured in date-0 state un-contingent consumption is:

oV E _ 1 T
_00 g (L9 T Vs (S. 1.6)
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In the case of late resolution, 0~ and 0" have the same utility level, which we denote as

Vi (C(], {C1 (s} A 1) We first aggregate over uncertain period 1 consumption to compute its

1
certainty equivalent: {E [C’ll 7 (s)] } "™ and then aggregate over time to compute V7° as:

1
1-1/9 Y 1=1/%

VL _ 1_1 1@3*& : {Z [ s)}} h . (S. 1.7)

P v Ls=

and Porteus [12]. Our top panel corresponds to node dp (a) and the bottom panel corresponds to node do (b) in that
Figure.



The Arrow-Debreu price for one unit of consumption in period one measured in period-0

consumption numeraire can be computed as

) Ci(s)) ¥ C1 (s)

S S ¥ S
ot :w(s)5< = ) - . . (S. 1.8)
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Clearly, the SDF for the early resolution case, (S. 1.6) can be decomposed into the m* in equation
C1(s) _i

Co )
The SDF in (S. 1.8) takes a familiar form as in many consumption-based asset pricing models where

(10) and an SDF that discounts period 1 cash flow into period 0" consumption units: 3 <

uncertainty is assumed to resolve at the same time of the realization of consumption shocks. In

o} (s)
[22:1 7"(5)6’117W
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general, the term { i —— } does not integrate to one unless in the special case
()] 177

of unit IES.
S. 2 Examples of Dynamic Preferences and A-SDF

In this section, we show that most of the non-expected utility proposed in the literature can be

represented in the form of (14). We also provide an expression for the implied A-SDF.2

e The recursive utility of Kreps and Porteus [12] and Epstein and Zin [4]. The recursive

preference can be generally represented as:

U=u'{(1-B)u(Ct)+Buoh 'E[h(Up1)]}. (S. 2.1)

For example, the well-known recursive preference with constant IES and constant risk aversion

is the special case in which u (C) = 1_%/1/)01_1/1” and h(U) = ﬁUl_”/. With a monotonic
transformation,

V=ul), (S. 2.2)

the recursive relationship for V' can be written in the form of (14) with the same w function

in equation (S. 2.1) and the certainty equivalent functional:

(V)= ([om)ar),
where ¢ = howu™!. the A-SDF can be written as:

m* (V) o ¢ (V), (S. 2.3)

2Depending on the model, additional conditions may be needed so that the assumptions of Theorem 1 can be
verified. We provide the expressions for A-SDF assuming appropriate conditions on the primitive utility functions
can be imposed to guarantee its existence.



where we suppress the normalizing constant, which is chosen so that m* (V') integrates to one.

The maxmin expected utility of Gilboa and Schmeidler [6]. The dynamic version of this
preference is studied in Epstein and Schneider [3] and Chen and Epstein [1]. This preference
can be represented as the special case of (14) where the certainty equivalent functional is of
the form:

Z (V)= min /deP
meM

where M is a family of probability densities that is assumed to be convex and closed in the
weak™ topology. As we show in Section 3.2 of the paper, the A-SDF for this class of preference

is the Radon-Nikodym derivative of the minimizing probability measure with respect to P.

The variational preferences of Maccheroni, Marinacci, and Rustichini [14], the dynamic
version of which is studied in Maccheroni, Marinacci, and Rustichini [15], features a certainty

equivalent functional of the form:
Z(V)= min /deP +c(m),
E[m]|=
where ¢ (m) is a convex and weak*—lower semi-continuous function. Similar to the maxmin

expected utility, the A-SDF for this class of preference is minimizing probability density.
The multiplier preferences of Hansen and Sargent [7] and Strzalecki [16] is represented by the
certainty equivalent functional:

Z(V)= min [ mVdP+6R(m),
E[m]=1

where R (m) denote the relative entropy of the density m with respect to the reference
probability measure P, and # > 0 is a parameter. In this case, the A-SDF is also
the minimizing probability that can be written as a function of the continuation utility:
m* (V) « eaV.

The second order expected utility of Ergin and Gul [5] can be written as (14) with the following

2 [fewyar),

where ¢ is a concave function. In this case, the A-SDF can be written as a function of

choice of 7:

continuation utility:

m* (V) o< ¢’ (V).

The smooth ambiguity preference of Klibanoff, Marinacci, and Mukerji [10] and Klibanoff,

Marinacci, and Mukerji [11] can be represented as:

T(V)=¢! (/M ¢ </Q deP> du (m)> , (S. 2.4)

6



where p is a probability measure on a set of probability densities M. The A-SDF can be

m* (w) o /M¢’ ( /Q deP)m(w)d,u(m). (S. 2.5)

e The certainty equivalent functional Z for the disappointment aversion preference is implicitly

written as :

defined as Z [V] = p, where p is the unique solution to the following equation:
= [owyar—o [ ot -swyar
u=V
where ¢ is a concave function. The A-SDF can be written as:

m* (V) = { (([1+)9Pg w)]
(

V<
&(V) ;
Tnrepv<m J VS H

whenever Z [V] is differentiable at V.

e Hayashi and Miao [9] develop a class of generalized recursive smooth ambiguity model that

takes the following form:?

Vimu {0 = mu@) 8 fuor ) ([ oo ] ([ mo (i) ap) dum) ) }.

(S. 2.6)
where u, v, and ¢ are all smooth and monotone functions. As in the Klibanoff, Marinacci,
and Mukerji [10] model, M is a set of probability densities that represent ambiguous beliefs,
and p is a measure on the set of densities. With a monotonic transformation, V; = u (Vt), the

above can be written in the form of (14) with

I(V):[uoy—1]</ Vool </m pou-l](V)d )du(m)>.

The A-SDF for this class of preferences can be written as:

wt @ o [ pos ] [mlpou ) ()dp ) me) [pou ) (V@) du(m).

S. 3 Details of the Continuous-time model

In this section, we provide details of the solution of the continuous-time model. Section S. 3.1
provide the solution to the model with periodic announcement in Section 5.1 and 5.2 of the main

text of the paper. Section S. 3.2 provides the omitted proofs for the results on time-non-separable

3The model in Hayashi and Miao [9] is more general than (S. 2.6) and may not permit a representation of the form
Vi = u (Ct) 4+ BZL [Ve+1]. However, the applied examples of this preference are often special cases of (S. 2.6). See also
the related generalized recursive multiple-priors model of Hayashi [8], which can be obtained as a limiting case of (S.
2.6).



preferences discussed in Section 5.3.

S. 3.1 Asset Pricing in the Learning Model

Value function of the representative agent Because announcements fully reveal the value
of z; at nT, ¢! = 0. We start from gy = 0. In the interior of (0,7, the standard optimal filtering
implies that the posterior mean and variance of z; are given by equations (30) and (31). Here ¢
has a closed form solution: ) .

0= — =) (8. 3.1)
(@ —ay)e 2 +a, +a

where @ = \/a2 + (0,/0)%. In general, we can write ¢; = ¢ (tmod T') for all ¢.4

Using the results from Duffie and Epstein [2], the representative consumer’s preference is
specified by a pair of aggregators (f,.4) such that the utility of the representative agent, V; is

the solution to the following stochastic differential equation:
1
av, = [—f(C, V) — §v4(Vt)HUV(t)H2]dt + ov(t)dBy,

for some square-integrable process oy (t). We adopt the convenient normalization A(V) = 0 (Duffie
and Epstein [2]), and denote f the normalized aggregator, and V; the corresponding utility process.

Under this normalization,
FCV)=p{(1=y)VInC-VIn[(1-7)V]}.

Due to homogeneity, the value function is of the form?®

V (30,1, Cy) = LH (30, t) O, (S. 3.2)

where H (Z,t) satisfies the following Hamilton-Jacobi-Bellman (HJB) equation:

1 1
-1 P nH (d4,t) H (4,1) + (:f:t - fya?) H (&,t) + —ryﬂt (4, 1)

-7 2 1—
+ ! (T —ay) + q| Hy (2 t)+1 ' u (& t)th—o (S. 3.3)
1— "}’aw x Tt qt x \Tt, 21— ~ zx \ Lt 0_2 =V, . O.
with the boundary condition that for alln =1,2---
H (2,p,nT) = E[H (&5, nT) | &0, ayr] - (S. 3.4)

The solution to the partial differential equation (PDE) (S. 3.3) together with the boundary

4We use the notation t mod T for the remainder of ¢ divided by T. ~
5As A — 0, the _discrete time approximation, (32) converge to the following monotonic transformation of V:
Vi= 2 In[(1 - ) V.

1—v



condition (S. 3.4) is separable and given by:

H (1) = eastst th0),

where h (t) satisfy the following ODE:
ph (t)+ W (6)+ £ (1) =0,
where f (t) is defined as:

k)P U ) 11 S O P S Tk

az +p 2 (ay + p)? 02

ft)=
The general solution to (S. 3.5) is of the following form on (0,7):

h(t) = h(0) e — e /t e P f(s)ds.

0

2 az+p

(S. 3.5)

We focus on the steady state in which i (t) = h(tmodT) and use the convention h (0) = h(0T)
and h(T) = h(T~). Under these notations, the boundary condition (S. 3.4) implies h(T) =

RO+ (£55) a(r),

Asset prices Forn =1,2,---, in the interior of (nT, (n + 1) T'), the law of motion of the state

price density, 7; satisfies the stochastic differential equation of the form:

d’]’[‘t = Tt |:—’l“ (ita t) dt — Or (t) dBC,t:| ’

where
r(z,t) :p+§:—'ya2—|— I_PYQ(t)
’ az + p
is the risk-free interest rate, and
T—14q(t)
t) = -
or(t) =70+ awtp o

is the market price of the Brownian motion risk.

We denote p (I, t) as the price-to-dividend ratio. For ¢t € (nT, (n 4+ 1) T'), the price of the claim

to the dividend process can then be calculated as:

p(&4,t) Dy = Ey
s e

(n+1)T s T ()T o B
/ —~D.ds + up (x(nJrl)T’ (n + 1) T > D(n+1)T .
t



The above present value relationship implies that
.1 . .
7TtDt + AILHO Z {Et [7Tt+AP (:BtJrA,t -+ A) DtJrA] — TP (ﬂft, t) Dt} =0. (S 36)

Equation (S. 3.6) can be used to show that the price-to-dividend ratio function must satisfy the
following PDE:
1 ¢’ (t)

1=p (@)@ (&) +pe (2,8) = po (&,1) v (£,) + 5Poa (3,8) 5~ =0, (S.3.7)

where the functions w (z,t) and v (#,t) are defined by:

@0 = poutort-9)i+o-1) 102+ g ()

B 2
V@) = ace-a)+ (- o0+ 2 (1)

Also, equation (S. 3.6) can be used to derive the following boundary condition for p(%,t):

 B[eww Ty (a7 47, a7
p(ap, T )=—— (S. 3.8)
eﬁ;’pr-’_E(aIJp) [qT_qT]

Again, we focus on the steady-state and denote p (£,0) = p(2,nT"), and p(2,T) = p(2,nT ™).
Under this condition PDE (S. 3.7) together with the boundary condition can be used to determined

the price-to-dividend ratio function.

We define pp, to the instantaneous risk premium, that is,

dt = ———{Dydt + E; d Ty, t) Dy} S. 3.9
KRt p(:):t,t)Dt{ ¢ t d[p(2¢,t) Dyl } ( )

In the interior of (nT,(n + 1) T), the instantaneous risk premium, pp, — 7 (Z,t) can be computed

as
R _ dlp (&t,t) Dy] dmy
g =7 (@,0)] dt = =Couy [ p(&e,t) Dy W my }
We have: L g .1 q(0)
2, _ ’y - L pl‘ 3:', L
fpe =7 (E,1) = [va+az+p . ] [d)a—i— V(@D o ] (S. 3.10)

To gain a better understanding on how the risk premium and the announcement premium

depend on the parameters, let o (z,t) = Inp (&,t), then equation (S. 3.7) can be written as:

. 1
e—g(x,t) - w (£7t) =+ Ot (jvt) — O (£7t) 4 ("ivt) + 5 [Qmm (£7t) =+ Q:% (jvt)] 0_2

=0. (S 3.11)

Note that 2; is itself an Ornstein-Uhlenbeck process with steady state z. Using a log-linear

approximation around & = Z, we can replace the term e~ @&t with e=2@) ~ e~ — 2o (i, t) — 7],

10



where we denote ¢ = ¢(Z,t), and write
-2 _ X A A A A 1 A 2 /4 q2 (t) _
€ [1+Q*Q($at)]*w(xvt)+9t($at)*Qx(xvt)y($at)+§[Qxx(xvt)+9r($at)] 0,2 =0.
(S. 3.12)
We conjecture that o (Z,t) = AZ+ B (t), and equation (S. 3.12) can be used to solve for A and B (t)
by the method of undetermined coefficients to get A = —2=1

ap+e—0°

Using the log-linearization result to evaluate equation (S. 3.10) at & = Z, we obtain (35). In
addition, using p (&5, T%) ~ AT +B(T)

obtain (36).

, we can compute the expectation in (S. 3.8) explicitly and

Numerical Solutions To solve the PDE (S. 3.7) with the boundary condition (S. 3.8), we

consider the following auxiliary problem:
T s T
p(xg,t)=F [/ e~ Jimewwdugg o o= Ji wlEawduy (00 Ty | (S. 3.13)
t

where the state variable x; follows the law of motion;

dry = —v (z,t) dt + MdBt. (S. 3.14)

g

Note that the solution to (S. 3.13) and (S. 3.8) satisfies the same PDE. Given an initial guess of the
pre-announcement price-to-dividend ratio, p~ (x,,7), we can solve (S. 3.13) by the Markov chain

approximation method (Kushner and Dupuis [13]):

(i) We first start with an initial guess of a pre-announcement price-to-dividend ratio function,
p(xp,T).

(ii) We construct a locally consistent Markov chain approximation of the diffusion process (S.
2
3.14) as follows. We choose a small dz, let Q = |v(&,t)|dz + (@) , and define the time

increment A = % be a function of dz. Define the following Markov chain on the space of x:

Pr(z+dxlz) = 1 [—u(ﬁc,t)erx—i—l <q<t)>2] ;

Q 2 o
2
Pr(z —dz|x) = é[—y(@,t)_dx—i—;((l((jﬂ)].

One can verify that as dr — 0, the above Markov chain converges to the diffusion process
(S. 3.14) (In the language of Kushner and Dupuis [13], this is a Markov chain that is locally
consistent with the diffusion process (S. 3.14)).

(iii) With the initial guess of p(xp,T), for t = T — A, T — 2A, etc, we use the Markov chain

11



approximation to compute the discounted problem in (S. 3.13) recursively:
p(e,t) = A+ e P@EDARp (zn, t+ A)],

until we obtain p (z,0).

(iv) Compute an updated pre-announcement price-to-dividend ratio function, p (xp,T') using (S.
3.8):
1=y .+
E [e255%p (i},0) | 47, 07

2
11—y ~— | 1 11—~ - +
eaz+me+§<az+p> [qT*qT]

p (a7, T7) =
Go back to step 1 and iterate until the function p (xp,T) converges.

Our numerical example is based on the following choice of parameter values:

Choice of parameter values The numerical example we presented in the paper uses

parameter values in the standard long-run risk model:

p Yy Yz az Oz o  ho ¢ o%
002 10 2 15% 0.10 0025% 3% 5 3 0

All parameters are annual. We assume that announcements are made at the monthly frequency,
. _ 1
that is, T' = 15.
Pre-announcement drift The density of communication in the top panel of Figure 4 is
generated from a Beta distribution with parameter @« = 2, § = 3 on [—6,0] hours before

announcement. The density of the Beta distribution is
f(yle,d) = Blo, oy (1—y)"~", forye(0,1),

where B [0, §] is the Beta function. In our example, the density of the occurrence of a communication

h hours before announcement is f (1 — %} a, 5).

During a small interval df, the expected return of the dividend claim is up,dt if the
E[p(21.T")|o7 a7 ]
p(&rT)
return occurs during dt. Given that the probability of an announcement during hour (k — h, k)
is fklih f (1 - %| a, 6) dt, the expected return of the dividend claim during hour (k — h, k) can be

written as

dINUCE

if the announcement

announcement does not occur. The expected return is

To, o Gy, ¢ :|
2880 T+ IT+mso

p (o (T4 55)7)

2880

) E [p (f;Jr#v (T + ﬁﬁ)

R R dt
(S. 3.15)

12



The above calculation assumes that there are 360 days per year and 8 hours per day. Because
t is measured in hours, it needs to be divided by 360 x 8 = 2880 to translate into annual unit.
Numerically, because the pre-announcement drift happens within hours before T', replacing T+ ﬁ
with 7" does not make any material difference in the evaluation of (S. 3.15). In addition, the

term |, kki W R TS L dt is negligible. We can therefore approximate the average return during hour

(k—h,k) as
k t
B[ 1(1-glas)a] <

S. 3.2 Time-non-separable Utilities

E[p (23, T)| 47,47 ]
p(&7,77)

To guarantee that the model is well defined, we make the following assumptions on the weighting
function {& (¢, 5)}\y-

t
/ &(t,s)ds <1, for all t > 0. (S. 3.16)
0
/ E(t+s,t)ds < oo, forallt>D0. (S. 3.17)
0
t t
<1 / E(t,s) ds) Hy +/ € (t,s) Csds < Cy, forall t > 0. (S. 3.18)
0 0

The first assumption requires that {& (¢, S)}Z,ZO is an appropriate weighting function, that is,
total weights is less than one. The second assumption implies that the contribution of C; to future
habit stock is finite, and the last assumption ensures Cy — Hy > 0 so that the utility function is well
defined.

External habit Under the assumption of complete markets, the state-price density can be

constructed from the marginal utility of the representative agent. In the external habit model,

Tt = e*ﬁtu' (Ct + th) .

Internal habit In this case, the calculation of the state price density must take into account of
the impact of C; on future habit stock. Therefore, the state price density is given by (39). Because

announcement fully reveals x;, we need to show that

E [/ e P (t+ s, t)u (Cros + bHypy) ds
0

2 = x] (S. 3.19)

is a decreasing function of x. Without loss of generality, we assume ¢t = 0 in the following lemma.

Lemma S.1. Fizing the path of Brownian motions {Bc,s, BLS};O:O,

(‘)83:0 [Cy +bH] >0 for all t>0. (S. 3.20)

13



Proof. Using the law of motion of C;, we have
1 t t
InC; =InCy — 50275 +/ odBc,s +/ Teds.
0 0

Since z; is an Ornstein-Uhlenbeck process, we can solve f(f xsds explicitly:
t 1 1 t
/ xsds = (xg — &) — [1 - e_a“'t] + Tt + — [1 — eaw(s_t)} 02dBy 5.
0 Qg Az Jo

Therefore, for given realizations of the Brownian motion paths,

5 1 .
87;1,‘0015 = Cta []. — € "t] y

and

0 t oC,
2 H =
; /0 & (t,s) o ds

t 1
= [etsc [1- e as
0 Qg

t
< / £(t,s) C}dsi [1— ]
0 [0 3

< Cti [1 - €_azt] s
g

where the first inequality is true because s < t, and the second is due to the fact that

fotf(t, s) Csds < Hy < Cy. The inequality (S. 3.20) follows because b € (—1,0).

Consider two initial conditions, g = z and xzg = z’. The above lemma implies that z > 2’

implies that Cyys + bHy i first order stochastic dominate C{,, + bH/ . Because v’ (-) is a strictly

decreasing function, we conclude that (S. 3.19) must be a decreasing function of x.

Consumption substitutability Because (S. 3.19) is decreasing function of x, with b > 0, the

state price density in (39) must be a decreasing function of z; as well. As a result, the announcement

premium must be positive for any payoff that is increasing in x;.
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