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B Appendix

B.1 Derivation of the quadratic social welfare in equation (4)

Is the standard quadratic approximation in equation (4) valid in the present setting
with communication? A short answer is yes. This is because the standard approxima-
tion is realization-by-realization and never uses equations that involve conditional ex-
pectations. More specifically, the standard procedure approximates E0[

∑∞
t=0 β

tu(ct, ht)],
where c is consumption and h is labor, by first obtaining a quadratic approximation of
a momentary utility function in period t, u(ct, ht), using deterministic equations only,
sums them up from time 0 to infinity with discounting, and then take expectation
based on the initial information set. When computing ex ante utility, the last step is
replaced to that taking unconditional expectation, and there is no step in which con-
ditional expectations based on the private sector’s information set are taken. We have
an additively separable term that captures unconditional expectation of terms indepen-
dent of policy (t.i.p.) from period 0 on, but the term is unaffected by communication as
it is unconditional expectation and, therefore, we can drop it in our analysis. This is a
benefit of using ex ante utility. In contrast, if one were to evaluate the representative
household’s expected utility from period t on based on the period-t information avail-
able to it, then there is an additively separable term that captures conditional expecta-
tion of t.i.p. based on the household’s information set in period t, and it is affected by
the communication policy. In this case, one should not drop t.i.p. when examine the
effect of communication policy.

To illustrate the above point, we follow Woodford (2010) and derive the second-
order approximation step by step. When necessary, we refer to equation numbers in
his handbook chapter. Throughout, we will assume that the steady state is efficient.
Therefore, Section 3.4.1 in Woodford (2010) is the relevant section. He uses a model
in which the household supplies a set of differentiated labor to intermediate goods
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producers, and shows that the representative household’s utility in equilibrium, eval-
uated in period 0, can be expressed as a function of output, Y , and the measure of
price dispersion, ∆, as

EP
0

[
∞∑
t=0

βt{u(Yt; ξt)− v(Yt; ξt)∆t}

]
,

where ξt is a preference shock. The price dispersion measure ∆t is defined as

∆t :=

∫ 1

0

(
pt(i)

Pt

)−θ(1+ν)

di,

where θ > 1 is the Dixit-Stiglitz elasticity of substitution parameter and ν > 0 is the
inverse of Frisch elasticity of labor supply (equation 61).1

Let U(Y,∆; ξ) := u(Y ; ξ)− v(Y ; ξ)∆. Its second order Taylor expansion around the
steady state yields (equation 92):

U(Yt,∆t; ξt) = Y UY Ŷt + U∆D̂t +
1

2
(Y UY + Y

2
UY Y )Ŷ

2
t

+Y UY∆Ŷt∆̂t + Y U ′
Y ξ ξ̂tŶt + t.i.p. +O(||ξ||3).

Here t.i.p. refers to terms “that do not involve endogenous variables” and, therefore,
consists of linear and quadratic terms in ξ̂t and a constant.

When the steady state is efficient, we have UY = 0 and therefore

U(Yt,∆t; ξt) = U∆D̂t +
1

2
Y

2
UY Y (Ŷt − Ŷ e

t )
2

+Y UY∆Ŷt∆̂t + t.i.p. +O(||ξ||3)

(equation 94). Assuming that the initial ∆̂ is sufficiently small, i.e. ∆̂−1 = O(||ξ||2), we

1Here we assume, for simplicity, that the intermediate goods production function is linear in labor.
Woodford (2010) allows for diminishing marginal product of labor for the intermediate goods produc-
tion, and ν is a composite of the Frisch elasticity and the production function curvature parameter.
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obtain ∆̂t = O(||ξ||2) for all t, hence

U(Yt,∆t; ξt) =
1

2
Y

2
UY Y (Ŷt − Ŷ e

t )
2 − v∆̂t +

+t.i.p. +O(||ξ||3),

where v := v(Y ; ξ) > 0 (equation 95).
Finally, using the second order approximation of the dynamic equation for ∆, i.e.

∆t = h(∆t−1, 1 + πt), Woodford (2010) shows

∞∑
t=0

βt∆̂t =
1

2

hππ

1− αβ

∞∑
t=0

βtπ2
t + t.i.p. +O(||ξ||3),

(equation 97). Because the dynamic equation for ∆ is deterministic, the term t.i.p.
refers only to terms proportional to ∆̂−1 and does not involve any exogenous vari-
ables.

As a result, we have a realization-by-realization approximation:

∞∑
t=0

βtU(Yt,∆t; ξt) =
1

2

∞∑
t=0

βt{Y 2
UY Y x

2
t − (1− αβ)−1vhπππ

2
t }+ t.i.p. +O(||ξ||3),

where xt = Ŷt − Ŷ e
t is the welfare-relevant measure of the output gap.

Observe that so far we have not used any equations that involve conditional ex-
pectations based on either the private sector’s information or the central bank’s infor-
mation. All equations that are used are either static or backward-looking. Hence, the
term t.i.p. does not include conditional expectations of variables.

By taking the unconditional expectation (given the initial condition ∆̂−1), we ob-
tain

E

[
∞∑
t=0

βtU(Yt,∆t; ξt)

]
= E

[
1

2

∞∑
t=0

βt{Y 2
UY Y x

2
t − (1− αβ)−1vhπππ

2
t }

]
+E[t.i.p.]+E[O(||ξ||3)].

Recall that the term t.i.p. is the sum of two terms: one that comes from the second
order approximation of the utility function and the other that comes from the approx-
imation of the dynamic equation of ∆. The former includes the sum of constants and
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first and second order terms in {ξ̂t}∞t=0. The latter includes linear terms in ∆̂−1, which
is exogenously given. Neither includes endogenous variables. Hence, the uncondi-
tional expectation of the sum of these terms, E[t.i.p.], is independent of how much
information the private sector obtains along the way. Therefore, we can treat it as
constant in our setting with communication, as far as we are concerned with ex ante
welfare.

If one instead attempts to evaluate the household’s expected utility in equilibrium
from period s on, based on the information available to the household, it is expressed
as:

EP
s

[
1

2

∞∑
t=s

βt{Y 2
UY Y x

2
t − (1− αβ)−1vhπππ

2
t }

]
+ EP

s [t.i.p.] + EP
s [O(||ξ||3)].

Then the term EP
s [t.i.p.] depends on the information available to the household in

period s and, therefore, depends on communication policy as well as what the house-
hold has observed up to period s.

B.2 Optimality of secrecy in other purely forward-looking models

Commitment to secrecy remains optimal even if we augment the model with an ef-
fective lower bound on the nominal interest rate and with a shock to the social loss
function.

B.2.1 A New Keynesian model with the zero lower bound

We use a model along the lines of Eggertsson and Woodford (2003) and Adam and
Billi (2006), in which the zero lower bound on nominal interest rates can bind when
a large, negative shock to the natural rate of interest hits the economy. Our model
is more general than the conventional, simple one. The zero lower bound may bind
multiple times and may not be binding at time 0, and the central bank can act differ-
ently when it foresees that the zero bound will bind or that it will cease to bind in the
near future.

The Ramsey problem is the same as before except that it must respect the non-
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negativity constraint on nominal interest rates:

it ≥ 0. (B.1)

An optimal secretive commitment policy is {(πSEC
t , xSEC

t , iSEC
t )}∞t=0 that minimizes the

loss function in equation (3) subject to the New Keynesian Phillips curve in equation
(1), the dynamic IS equation in equation (2), and the zero lower bound (ZLB) con-
straint in equation (B.1). Then we have the following result:

Corollary B.1 Proposition 1 and Corollary 1 hold in the presence of the zero lower bound.

Our proof of Proposition 1 is valid in the presence of the ZLB because the process of
the nominal interest rate that is constructed in the proof, {iALT

t }, satisfies the ZLB if
{it} does.

This proposition implies that, from the ex ante point of view, the central bank
should be secretive even if the zero lower bound is already binding at time 0 and if
it may, for example, receive private news that a negative natural rate shock disap-
pears in near future or that a future cost-push shock is positive. This might appear
to contradict with the literature, which has shown that raising inflation expectations
can be welfare-improving at the zero lower bound, but it is not. From the ex post
point of view, once the central bank observes, e.g., the short duration of a negative
natural rate shock or a positive future cost-push shock, ex post welfare improves if
the private sector is also informed about the information. However, from the ex ante
point of view, the duration of a negative natural rate shock may be much longer and
a future cost-push shock may be negative; transparency lowers ex post welfare in that
scenario. On average, it is better to leave the private sector uninformed.

B.2.2 A three-equation model with the Taylor rule

It is straightforward to extend our theoretical results in Section 2 to the case where the
nominal interest rate follows a simple Taylor rule:

it = ϕπ
t πt + ϕx

t xt + ηt, ∀t, (B.2)
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where its coefficients, (ϕπ
t , ϕ

x
t ), and the monetary policy shock, ηt, are stochastic and

their realized values in period t are assumed to be observed by the private sector at
the beginning of period t.

In this setting, the only choice of the central bank is the message it sends to the
private sector, and we need to alter the definition of a rational expectation equilibrium
by including (B.2) as an equilibrium condition. Using an argument similar to the proof
of Proposition 1, we can show that the equilibrium ex ante welfare loss is minimized
with central bank secrecy.

B.2.3 Forward guidance about the central bank’s future policy goals

Delphic forward guidance can be used to communicate information not only about
future cost-push shocks but also about the central bank’s objective in the future. Let
{θt}∞t=0 be an exogenous stochastic process. Ex ante welfare loss is now given by

E

[
∞∑
t=0

δtL(πt, xt, θt)

]
.

Proposition B.1 Suppose that θt is observed by the private sector at the beginning of period
t. Then Proposition 1 and Corollary 1 hold in the presence of shocks to the social welfare
function.

If θt is publicly observed at the beginning of period t, we can replace equation (13) in
the proof of Proposition 1 to

E[L(πt, xt, θt)] = E[E[L(πt, xt, θt)|GSEC
t ]]

≥ E[L(E[πt|GSEC
t ],E[xt|GSEC

t ], θt)] = E[L(π̃t, x̃t, θt)],

and Proposition B.1 follows.
Our focus on the future shock is crucial for this result. When a contemporane-

ous shock to θ is observed by the central bank but not by the private sector, then the
central bank generally faces a trade-off: there are gains from making period-t actions
contingent on θt, but that can reveal to the private sector some information about θt

6



and possibly about future θ’s, which is detrimental to welfare. Therefore, for contem-
poraneous shocks, secrecy is not in general optimal.

In contrast to Moscarini (2007), the precision of the private information possessed
by the central bank is irrelevant for this result. He finds that, under discretion, the
competence of a central bank, measured by the precision of the private signal the cen-
tral bank receives about a contemporaneous shock to its objective, implies improved
welfare. A crucial difference is that his result is about a contemporaneous private
shock, while ours is about private news. Also, the Phillips curve in his model is not a
forward-looking New Keynesian one and, therefore, information about future shocks
does not directly affect a current Phillips curve.

Jensen (2002), using a two-period New Keynesian model where the central bank
has an objective function that differs from social welfare and is unable to commit,
also finds that transparency is not always desirable. The central bank’s private in-
formation in his model is the permanent shock that introduces the wedge between
the socially desirable output gap and the central bank’s preferred output gap and,
hence, is not private news. The reason behind the undesirability of transparency is
also different from our paper. In our model, more information about future shocks
adds orthogonal fluctuations in inflation expectations. In his model, more precise in-
formation about the central bank’s preference introduces positive correlation between
the current output gap and inflation expectations. It exacerbates the response of in-
flation, and the central bank finds it optimal to dampen the responses of the output
gap to its preference shocks and to cost-push shocks. Transparency is therefore useful
to discipline the central bank’s actions when its objective is sufficiently different from
social welfare, but harmful when it is not.

B.3 A model with backward indexation and an ELB

B.3.1 Derivation of the quasi-difference inflation and the output gap in period 1

Our assumption is that the endogenous variables are determined by the optimal dis-
cretionary policy from period 1 onwards. From period 1 onwards, once the natural
rate is normalized (i.e., rnt = rn) there is no state variable or shocks in the economy.
Hence, both the output gap and the quasi-difference of inflation become zero.
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Now consider the period-1 endogenous variables when rn1 = rnelb < 0. The New
Keynesian Phillips curve is given by

π̂1 = κx1

because the one-period-ahead quasi-difference in inflation is zero. The Dynamic IS
equation is given by

x1 = σ−1{i1 − (γπ̂1 + γ2π0)− rnelb}

because the output gap in period 2 is zero and because the period-2 inflation equals
γπ̂1 + γ2π0.

As long as the zero lower bound is binding when rn1 = rnelb, these two equations
can be solved, using i1 = 0, and the solution, (x1,elb(π0), π̂1,elb(π0)), is given by

(x1,elb(π0), π̂1,elb(π0)) =

(
γ2/σ

1− γκ/σ
π0 +

1/σ

1− γκ/σ
rnelb,

κγ2/σ

1− γκ/σ
π0 +

κ/σ

1− γκ/σ
rnelb

)
.

B.3.2 Messages are virtually irrelevant

This section provides the proof that the central bank can virtually achieve C∗ even
without messages, i.e., for any prior probability p and any ϵ > 0, the central bank can
achieve an ex ante loss that is lower than C∗(p) + ϵ without sending messages.

To understand the reason, it is instructive to consider two cases: (i) C∗(p) = C(p)

at p and (ii) C∗(p) < C(p) at p. In Case (i), secrecy is optimal at p and, therefore,
prohibiting the central bank from sending messages is irrelevant for welfare. What
about Case (ii)? Because C is a continuous function on a compact interval [0, 1] in R
and because C∗ is a convexification of C, for each such p ∈ (0, 1), we can find p1, p2,
and α between 0 and 1 such that p = αp1+(1−α)p2 and C∗(p) = αC(p1)+(1−α)C(p2).

Let i∗(ρ) denote the optimal belief-dependent nominal interest rate given belief ρ.
If i∗(p1) and i∗(p2) are different, the central bank can exactly achieve C∗(p) by setting
the nominal interest rate as follows: if rn1 = rnelb, then

i0 =

i∗(p1) with probability p1(p2−p)
p(p2−p1)

i∗(p2) with the remaining probability
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and if rn1 = rn, then

i0 =

i∗(p1) with probability (1−p1)(p2−p)
(1−p)(p2−p1)

i∗(p2) with the remaining probability.

Then, the probability of i0 = i∗(p1) equals

p× p1(p2 − p)

p(p2 − p1)
+ (1− p)× (1− p1)(p2 − p)

(1− p)(p2 − p1)
= α,

and the probability of i0 = i∗(p2) equals 1 − α. Note also that, after observing i0 =

i∗(p1), the private agents’ posterior probability of the period-1 natural rate shock being
negative becomes p1, and that after observing i0 = i∗(p2) the posterior becomes p2.

Even if i∗(p1) and i∗(p2) happen to be identical, the central bank can achieve the ex
ante loss that is arbitrarily close to C∗(p). Fix an arbitrary δ ̸= 0 such that i∗(p2 + δ) ̸=
i∗(p2) = i∗(p1). Imagine that the central bank sets the nominal rate as follows: if
rn1 = rnelb, then

i0 =

i∗(p1) with probability p1(p2−p)
p(p2−p1)

i∗(p2 + δ) with the remaining probability

and if rn1 = rn, then

i0 =

i∗(p1) with probability (1−p1)(p2−p)
(1−p)(p2−p1)

i∗(p2 + δ) with the remaining probability.

Then, as before, after observing i0 = i∗(p1), the private agents’ posterior probability
of the period-1 natural rate shock being negative becomes p1, and that after observing
i0 = i∗(p2 + δ) the posterior becomes p2.

As shown in lemmas below, i∗ is continuous and there is no interval on which i∗ is
constant. It then follows that we can let δ arbitrarily close to zero while maintaining
i∗(p2 + δ) ̸= i∗(p2). Continuity of i∗ implies that, by letting δ → 0, the achieved ex ante
loss converges to C∗(p). This completes the proof.
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Lemma B.1 i∗ is differentiable.

Proof. Recall that the optimal belief-dependent policy solves the following problem:

C(ρ) := min
(π0,x0)

L(π0, x0) + βρL1,elb(π0)

subject to the Phillips curve,

π0 = κx0 + βρπ̂1,elb(π0).

Because this is a linear-quadratic problem, its solution, which we denote by π∗(ρ)

and x∗(ρ), can be obtained analytically as follows. Let

Aπ =
γ2/σ

1− γκ/σ

Ar = +
1/σ

1− γκ/σ
,

and the solution is given by

π∗(ρ) = −
βρ× F1 − 2b

(
1
κ
− βAπρ

)
ρβArr

n
elb

2
[
1 + b

(
1
κ
− βAπρ

)2
+ βρF2

] (B.3)

and
x∗(ρ) =

(
1

κ
− βAπρ

)
π∗(ρ)− ρβArr

n
elb.

From the Dynamic IS equation, the optimal belief-dependent interest rate is given
by

i∗(ρ) = γπ∗(ρ) + ρπ̂1,elb(π
∗(ρ)) + rn − σ (x∗(ρ)− ρx1,elb(π

∗(ρ))) .

Clearly, π∗, x∗, and i∗ are all differentiable.

Lemma B.2 There is no interval on which i∗ is constant.

Proof. Suppose to the contrary that there is such a subinterval. Because i∗ is differen-
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tiable, its derivative must be zero on that subinterval. Differentiating i∗, we obtain

(i∗)′(ρ) = (π∗)′(ρ)×
{
γ − σ

κ
+ (κ+ σ(1 + β))Aπρ

}
.

Hence, the aforementioned subinterval must be contained in the following union of
two sets:

{ρ ∈ (0, 1)|(π∗)′(ρ) = 0} ∪
{
−

γ − σ
κ

(κ+ σ(1 + β))Aπ

}
.

Because the latter set is a singleton, the former must contain an interval. Consider
such an interval. Then π∗ is constant on it. Let πconst denote the value of π∗ on the
interval. Then, from equation (B.3), the following equality must hold for any ρ on the
interval:

2

[
1 + b

(
1

κ
− βAπρ

)2

+ βρF2

]
πconst = −βρ× F1 − 2b

(
1

κ
− βAπρ

)
ρβArr

n
zlb.

This implies that the quadratic equations for ρ on both sides must have the same set
of coefficients. However, this cannot be true. If πconst ̸= 0, the left-hand side has a
constant while the right-hand side does not. If πconst = 0, then the coefficients on ρ

and ρ2 on the right-hand side must be zero, but they are not. This is a contradiction
and, therefore, there is no subinterval of (0, 1) on which i∗ is constant.
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B.4 A canonical DSGE model

B.4.1 The representative household

The representative household’s expected utility at the beginning of period 0 is:

E0

∞∑
t=0

βt [u (Ct −Xt)− v (Lt)] .

where Ct is consumption, Lt is labor, and Xt is external habit that equals bCt−1 (b ≥ 0)

in equilibrium.
The household accumulates capital according to the capital accumulation equa-

tion:
Kt+1 = (1− δ)Kt + [1− S (It, It−1)] It,

where It is investment and Kt is capital. The function S represents investment adjust-
ment costs. The flow budget constraint is given by:

At+1 + Pt (Ct + It) ≤ W̃tLt +Rt−1At + Ptr
K
t Kt + profits and transfers,

where At is the nominal risk-free bond, Pt the nominal price index, W̃t the nominal
wage, Rt the gross nominal interest rate, and rKt the rental rate of capital, respectively.
Although it is not included in the equation, the household also trades a complete set
of state-contingent claims.

We assume the following functional forms:

u (Ct −Xt) =
(Ct −Xt)

1−σ

1− σ
,

v (Lt) =
L1+η
t

1 + η
,

S (It, It−1) =
s

2

(
It
It−1

− 1

)2

.
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B.4.2 Labor union

We model sticky nominal wages following Smets and Wouters (2007). There is a unit
measure of labor unions, each of which is indexed by l ∈ [0, 1]. A union l collects the
homogeneous labor supplied from households and transforms it into a differentiated
labor good indexed by l using a linear technology. It faces a downward-sloping de-
mand curve for its labor good and chooses the nominal wage subject to the Calvo-style
probability. Firms combine differentiated labor goods into a single, composite labor

using a CES aggregator ht = [
∫ 1

0
ht(l)

ϵh−1

ϵh dl]
ϵh

ϵh−1 . The nominal wage of this composite
labor good is denoted by Wt.

When the union l is given an opportunity to change its wage in period t, it solves

max
W ∗

t

Et

∞∑
s=t

θs−t
h mt,s

[
Ws (l)−

W̃s

1 + τhs

]
hs (l) ,

subject to

hs (l) =

[
Ws (l)

Ws

]−εh

hs, ∀s ≥ t,

Wt+i (l) = Wt(l)
i∏

n=1

Πγh
t+n−1,∀i ≥ 1,

Wt (l) = W ∗
t .

Here, mt,s denotes the stochastic discount factor for nominal payoffs, τht the subsidy
to the union, and Πt = Pt/Pt−1 the gross consumer price inflation rates, respectively.
θh, εh andγh are the Calvo parameter for staggered nominal wages, elasticity of sub-
stitution among differentiated labor, and the degree of nominal wage indexation on
past inflation rates.
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B.4.3 Intermediate goods producer

The sticky price friction is modeled in a standard fashion. When the intermediate-
goods producer f is given an opportunity to change its price in period t, it solves:

max
P ∗
t

Et

∞∑
s=t

θs−tmt,s [(1 + τs)Ps(f)− PsMCs]Yt (f) ,

subject to

Ys (f) =

[
Ps (f)

Ps

]−ε

Ys,

Pt+i (f) = Pt (f)
i∏

n=1

Πγ
t+n−1,∀i ≥ 1,

Pt(f) = P ∗
t .

The sales subsidy is denoted by τt. γ is the degree of price indexation on past inflation
rates. Real marginal cost MCt is the Lagrange multiplier in the cost minimization
problem:

min
ht,Kt

Wt

Pt

ht + rKt Kt,

subject to the production technology:

Yt = Kα
t [exp (zt)ht]

1−α ,

where zt denotes the aggregate technology shock.

B.4.4 Final good producer

A final good producer minimizes the total cost
∫ 1

0
Pt (f)Yt (f)df subject to the aggre-

gating technology:

Yt =

[∫ 1

0

Yt (f)
ϵ−1
ϵ df

] ϵ
ϵ−1

.
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B.4.5 Monetary policy

The central bank set nominal interest rates following the Taylor type rule:

Rt − 1 = ρ(Rt−1 − 1) + (1− ρ)

[
ϕπ (Πt − 1) + ϕy

(
Yt

Yt−1

− 1

)]
+ ηt,

where ρ denotes the degree of policy inertia.

B.4.6 System of equations

We have 19 equations for 19 endogenous variables: Yt, λt, Πt, wt, qt, rKt , It, MCt, Kt,
F̄t, K̄t, Ct, ∆t, ΠW,t, F̄ h

t , K̄h
t , ∆h

t , and Rt.

Kt+1 = (1− δ)Kt +

{
1− s

2

(
It
It−1

− 1

)2
}
It,

Yt = Ct + It,

λt = (Ct − bCt−1)
−σ ,

λt = βEt
Rt

Πt+1

λt+1,

qt = βEt
λt+1

λt

[
rKt+1 + qt+1(1− δ)

]
,

1 = qt

{
1− s

2

(
It
It−1

− 1

)2

− s

(
It
It−1

− 1

)
It
It−1

}
+ βEt

λt+1

λt

qt+1s

(
It+1

It
− 1

)(
It+1

It

)2

,

wt = (1− α) exp (zt)
1−α MCtK

α
t h

−α
t ,

rKt = α exp (zt)
1−αMCtK

α−1
t h1−α

t ,

F̄t = 1 + θβEt
λt+1Yt+1

λtYt

πε
t+1π

γ
t F̄t+1,

K̄t = exp (ut)MCt + θβEt
λt+1Yt+1

λtYt

π1+ε
t+1 K̄t+1,

K̄t =

1− θ
(

πγ
t−1

πt

)1−ε

1− θ


1

1−ε

F̄t,
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∆t = (1− θ)

1− θ
(

πγ
t−1

πt

)1−ε

1− θ


ε

ε−1

+ θ

(
πt

πγ
t−1

)ε

∆t−1,

∆tYt = Kα
t [exp (zt)ht]

1−α ,

Πw
t = Πtwt/wt−1,

F̄ h
t = λtwtht + βθhEt

[
F̄ h
t+1(Π

W
t+1)

ϵh−1
]
Π

(1−ϵh)γh
t ,

K̄h
t = exp (µt)h

1+η
t (∆h

t )
η + βθhEt

[
K̄h

t+1(Π
W
t+1)

ϵh
]
Π−ϵhγh

t ,

K̄h
t =

1− θh

(
π
γh
t−1

πW,t

)1−εh

1− θh


1

1−εh

F̄ h
t ,

∆h
t = (1− θh)

1− θh

(
π
γh
t−1

πW,t

)1−εh

1− θh


εh

εh−1

+ θh

(
πW,t

πγh
t−1

)εh

∆h
t−1,

Rt − 1 = ρ(Rt−1 − 1) + (1− ρ)

[
ϕπ (πt − 1) + ϕy

(
Yt

Yt−1

− 1

)]
+ ηt.

Here ∆t and ∆h
t denote relative price dispersion terms for prices and wages, defined

as

∆t :=

∫ 1

0

[
Pt (f)

Pt

]−ε

df,

∆h
t :=

∫ 1

0

[
Wt (l)

Wt

]−εh

dl.

F̄t, K̄t, F̄ h
t , and K̄h

t are auxiliary variables. Price and wage markup shocks are defined
as

exp (ut) :=
ε

(1 + τt) (ε− 1)
,

exp (µt) :=
εh(

1 + τht
)
(εh − 1)

.
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All shocks are assumed to follow AR(1) processes:

zt = ρzzt−1 + ωz,t,

ut = ρuut−1 + ωu,t,

µt = ρµµt−1 + ωµ,t,

ηt = ρηηt−1 + ωη,t,

where

ωz,t ∼ N
(
0, σ2

z

)
,

ωu,t ∼ N
(
0, σ2

u

)
,

ωµ,t ∼ N
(
0, σ2

µ

)
,

ωη,t ∼ N
(
0, σ2

η

)
.

B.4.7 Welfare cost

Let {(Cn
t , L

n
t )} be the equilibrium consumption and labor in an economy where the

agents observe n-period ahead shocks. Ex ante welfare of the household is

V n = E

[
∞∑
t=0

βt{u(Cn
t − bCn

t−1)− v(Ln
t )}

]
.

For each n, we measure welfare gain/loss in consumption unit defined as

E

[
∞∑
t=0

βt{u((1 + λn)C
0
t − b(1 + λn)C

0
t−1)− v(L0

t )}

]
= V n.
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