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Online Appendix A: A Baseline Model

This Appendix details the proofs of the Propositions in Section 3.

Proof of Proposition 1: I proceed in three steps. I first solve the representative household’s problem,
imposing market clearing, to derive a relationship between the real wage rate, output, and productivity
in the economy. Specifically, I show that if ¢¢ is set such that § = PE, [ M]\f-:l:| < 1, then the cash-in-

advance constraint always binds My = P,Cy, W;/L} = M} /4§, and the real wage rate follows a simple

condition.! I then use this condition to derive a forward-looking expression for firms’ optimal prices.

Finally, I solve for the forward-solution for this expression to arrive at Proposition 1.

Step 1: The Lagrangian of the household’s problem is
> 1
L = EO Zﬁt I:lOg Ct - mL%-‘rn — Mt (PtC’t - Mtd71 - Tth)
t=0

1
- At (PtCt + Mtd —/ I;idi — WLy — Mtdfl - Tth)] )
0

with associated sufficient first-order conditions

. 1 _p = = Al

Ci o — P+ ) =0, B.C, Ar % (A1)
Lt : *L? + AtWt = 0, L? = )\tWt (AQ)
M =X+ BBy Mgt + 1] =0, A = BBy Mgt + prer1] - (A3)

We check that the proposed solution M; = P,Cy and W, /L] = M$/§ with § = BE; {#ffl] <1
satisfies the relevant first-order conditions. The combination of (A1) and (A2) shows that

1LY
p— —_—— = _ 6
"=pe w0

>0,

where I have used that Ay = L] /W; = /M. This proves the first part of the first step.
To find §, combine (A3) with W;/L} = M} /§ to arrive at

] BEt|:6+1_5:|5Et|: 1 ]

Mts Mts-',-l Mts—',-l Mts-‘rl

This in turn shows that § = BE; [Aﬁﬁl} = Bexp (—(bo + %(ZSQV [Ecpt0:] + %qﬁgV [Ecbt&]) > 0, and thus
that all three first-order conditions are satisfied at the candidate solution.

We now use Wy/L] = M; /6 and the binding cash-in-advance constraint to find the labor market-

1 1
clearing real wage. Equating labor supply L; = § %Wt" (P,Y;)” " with labor demand L¢ = 01 %di =

—p ‘
fol (P “) Aﬁtdi = Xt since all firms set the same price in equilibrium, shows that?

Py Ay
1+n
Wi _ 51 <Yt ) . (A4)

AP, A,

IThe proof of the first step follows that of Lemma 1 in Hellwig (2005).
2T here set Cy equal to Y; (see the last section of this appendix). This is because the real resource cost of inflation is of
second-order, Y; = C¢ + O(2), and I subsequently linearize all resultant expressions.



A log-linear approximation of (A4) then completes the first step and shows that

we —pr —ar = (1+n) (ye — ar) - (A5)
Step 2: The demand for firm ¢ € [0, 1] goods is
}Di -pP
Yii=|—= Y;.
The representative firm’s problem is therefore
S o ( P
t S 3 - . _ 7 _ —
rr}gifo();ﬁ (PtC) (1+T7) PuYie = WiLie — (Pﬁ_1 1) P,Y,
S P\ (Wi \(Pu\"_ v (P
E Pla+T9) (= - — - = —-1)1.
o fogﬂ 1+ t)<Pt> Ap )\ P, 2 \ Py
where 1 + T} has mean —£+. The sufficient first-order condition to this problem is
P\ "1 Wi P\ "1
E 1+77)(1— — — — —| =
plasma-o(5) 5+ (am) (5) 7
(A6)

Py 1 P P
E -1 - -1 .
7t [1/) <Pit1 > Pit—q W( P; ) P;

Since firm prices are symmetric (P;; = P;), this first-order condition reduces to
1 Wi Y (P Py Y (P Pii1
B[ o+ (ag) — % (5 = 1) (5 ) + 0% (Bt - —0. (A7
ft{ M, APy p \Pi—1 P BP = = (A7)

Equation (A7) represents the New Keynesian Phillips Curve for our economy.

A straightforward log-linearization of (A7) then shows that

Pt = Y—1Pt—1 + Y0E s [we — pr — ar) + 1B g [per] + 2B (] (A8)

and W*° denotes the steady state of P‘th.

— _ _B _ _ _pW*
where V-1= ﬁa = 1+8 ° V2 = w(]_;;@)a Yo = (1+8) °
We can now use (A5) and that y; = m; — p; to re-write (A8) as
Pt = A_1pi—1 + AoE g [my — ar] + ME g4 [peg1] + XoE gy (1] (A9)
where Ay = [W*5(1 + )] " Ao and
Y
N () Aol »(1+5) (A10)
L1+ 8) + WS (1+7n) L+ 8214 8)+ Wes(1+7)’
L1+
M= » 1+ F) . (AL1)
L4 B 2(1 4 B) + Wes(1 4 1)
This completes the second step.
Step 3: We start with the conjecture that (A9) collapses to
(A12)

e = Vo1pe—1 + VoE g [my — ag] + i E gy (1] -



Inserting this conjecture into (A9) and matching terms shows that the conjecture is true iff.

)\,1 )\0 + )\1 )\2 + )\1
= Vn = 1% V1 =
1—)\11/_1’ 0 1—A1V_1 1—)\1V_1 0 ! 1—/\1V_1 1—A1V_1

Vy. (A].?))

vV

The fixed point equation for v_; equals from (A13)
g(—l) (1/71) = —)ql/zl +v_1— )\,1 =0.
Now, since g(_1) is globally concave, g(_1) (0) = —A_; <0, and g(_1) (1) = 1 =X —A_1 > 0, we conclude

that there exist two positive solutions for v_1, one of which is stable v_; € (0, 1).
Consider now the remaining two fixed point equations in (A13):

A A
go (1/0) = 17)\101171 + 17/\111171 VO = VO
A A
gl (I/l) = 17)\1211_1 + 17}\111)_1 l/l = I/l'
Because go(0) = 1_/{\10,/71 > 0,0 < go(1) < 11")\";;\; = 11_7/\)1‘,21 < 1 and g%g > 0, it follows that there

exists a unique vy € (0,1). A similar argument then shows that there exists a unique, positive solution
for vy. It also immediately follows from (A10) and (A13) that if ¢ =0,

va=0, vo=1, 1»=[W*1+n) "

Finally, notice that from (A10), (A11), and (A13) we have that

y SSs
y_q= L . vy = M’ (A14)
Wes(1+n) + £+ %5 (1 —vo1) (i—ﬁ)w
so that
P20 and o -5)v L o
) B T V2 oy
where the last inequality follows from v_; in (A14). Thus, dv_1/9v > 0 and vy /I < 0. O

Proof of Proposition 2: The steps are well-known (see, for instance, Gali 2008, or Nistico 2007 for

the case with Rotemberg 1982 quadratic nominal cost). Define

1
U, =logCy — ——L; 1.

147

A second-order approximation around the non-stochastic full information steady state then shows that

ss Zl Le® 1+7I
gt%QCC |:Ct+z/{jYSS (lt+2lt2):|a

where all derivates are evaluated at their steady state values (ss). Now, employing the resource constraint

in its log-linear form (see the final subsection in this Appendix) y; = ¢, the economy-wide production

function y: = a¢ + I, and using that at the first best allocation U /U; = —A®*, we arrive at
U 147 2 1+7 2 .
Wy = L~y - - I - = — - t.1.p,
t MCCSS Yt |:yt a; + 2 (yt at) 5 (yt at) +ti.p



where t.i.p denotes terms independent of policy. Since W = ﬁth [W4], this completes the proof. O

On the Constancy of E;_; [y: — at]2: An implication of Proposition 1 is that ¢ = | p; my ay e }
follows a VAR(1) in equilibrium. This is because ¢; = Mq;_1 + Nu; can be written as:*

Dt vo1 v —V Di—1 00 - vr1i 0 0 wvode vooe
my o 1 0 0 || m 00 0 0 ¢ ¢¢ 0 0
qt = = + Ut,
ag 0 0 1 0 ai—1 1 0 0 0O 0 O 0 0
s 0 0 0 1 Hi 01 0 0 0 0 0 0

where /
w=|6 & E[6, Ele Eo, EPe E[ESA, E[EPS |

and the matrices M and N are implicitly defined.
Consequently, the output gap y; — a; = my — p — a; can be written as

yt—atz[fl 1 -1 O}Mqt_1+[—1 1 -1 o]Nut.

Notice that the output gap depends only upon previous period terms ¢;_; and white noise shocks and
expectations u;. Conditional on full ¢ — 1 information, the expected squared value of the output gap

Ei 1 [y — at]z is therefore constant and equals

!

E iy —al’=| -1 1 —1 O}NV[ut]N’[A 1 -1 0

Real Resource Cost of Inflation: The aggregate resource constraint is in levels

n=@+%ﬁn (A15)

where 7; denotes the (non-log-linearized) level of inflation.

Log-linearizing (A15) around the full information steady state immediately shows that

3 .
Yo = ¢t + §¢ [77,52Yt] |ss (e +ut),

where [],.. denotes an expression evaluated at its steady state level. But since the steady state rate of

= 0), it follows that, to a first order,

|ss

inflation is zero ([f:]

Yt = Ct. (A16)

31 here ignore unimportant constant terms.



Online Appendix B: Inefficient Disturbances

This Appendix details the proofs of the results described in Section 4.*

Online Appendix B.1: Equilibrium Prices and Money Supply

I consider the general case in which 7, € Ry. I first solve for the equilibrium price level and money
supply. I then later (in the proof of Proposition 3) derive the optimal policy.

To start with, I conjecture that

my = my_1+ GcBept [&] (A17)
= my-1+qoz +q1p, (A18)
pr = voipe—1 + WEs [my] + 1 E g (1] (A19)

= vopi—1 Fvome—1 + vip—1 + vodeE s [Eepels] + 1 E e [&4]

= voapi—1 +vomu—1 + i1 + koxy + kiwe + kap,, (A20)

where the noisy signal of the economy-wide price level p; is equivalent to the observation of

P, = 3 Dt — V_1Pi—1 — VoMy—1 — V1ji—1 — kiwy — kzgt}
Ko
TR
= x —€ = € —€Ent.
t kO pt t xt ko pt

I note that p 3 by design is independent of the other signals in 2.5 and €2f¢ conditional on &;.
To verify the conjecture in (A18) and (A20), we need to derive expressions for firm and central bank
expectations, in addition to firm expectations of the central bank’s private information. Due to the

linear-normal information structure:

To (T + T2)

E = Wyl + Wewi, Wy = A21
e 6] t t (o 7 72) (76 +72) 1 707 ( )
TxTz
E = Wt z =
re [zt Uzt + Vi, Vo (Tw +72) (Te + 7o) + Tw T2
Ty (Tw + Tpk‘%)
E - z = I
bt [ft] Purt & ﬂpgt7 P (Tx + Tpk(%) (TE + Tz) + T:I:Tpkg
where w,,, v,, and B, are implicitly defined and follow the standard expressions.
Inserting these results into (A17) and (A19) then demonstrates that
me = mit + ¢ (Bon + By, ) (A22)
P = voipi—1 + vomu—1 + vipie—1 + vo (qoE g [2¢]) + qipe) + Egy [&] (A23)

1 1
= V_1Pt—1 T VoMi—1 + V1jit—1 + Vo (QO% + ywx) Ty + 1o <QO% + l/ww) wy + VleBt(AM)
0 0

4] below dispense with all superscripts to ease notation when it does not cause confusion. Therefore, the variable x,
for example, refers to mf in this appendix.



which verifies our conjecture iff. there exists a solution to the system of equations

qo = 9cB., @1 = Py (A25)

v v
ko = 1 (CIO% + lwa:> , k1= ((Jovw + lww> , ko = woqu, (A26)
140 Vo

where ¢, € R and k; € R, h={0, 1} and j = {0, 1, 2}.
Since all fixed point equations in (A25) and (A26) ultimately depend only on ko, all we need to show

is that the equation for kg has a solution. We can re-write this equation as

Qko) = (Te+Ta+T12) Tka’ -1 |:¢£TZUQE + ? (Te + Tw + 72) wz} ’Tpkg (A27)
0
+ T (TE + Tz) kO — Ty |:¢§Tzvz + % (7'5 + Tz) wr:| =0.
0

Because ¢¢ > 0, Descartes’ Rule of Signs establishes that there exists either one or three positive solutions
for ko to (A27), depending on parameter values. I deal with this multiplicity of equilibria by focusing on

the highest welfare equilibrium (see also my remarks on this point in Section 5). ]

Online Appendix B.2: The Cost of Disclosure

I show that complete opacity is optimal when ¢¢ = 0. The economy-wide output gap is

Yyt = My —pt

1%
GeBept [&] — VoE 4 [¢£Ecbtft + V(l)ft] +t.l.p,

where ¢.0.p denotes terms from last period irrelevant to current welfare. Thus, when ¢¢ =0

Yt = _VlEft [Et] + tlp,

and therefore
(1= AW =V [Epg]) =2~ - .
-t festl = e (Tw+7)(Te+72) 70T )]

where I have used the expression for E; [¢] from (A21). It follows that ZTVX > 0. O

Online Appendix B.3: The Benefit of Disclosure

Proof of Corollary 1: I consider the case in which 7, = 0. The economy-wide output gap is

Yo = My — Pt

SeE” [61] — vodeBIE (6] — B &) + Lp.t.

[PeB: — 1098z (Vo + v0) — V1 (Wa + W) & — [0 Bavs + V1w ] €4t + Lp.t.
(0B — V00e B2ty — VW] €20 — V00e B2 + 11Wy) €t + 1D E..

+



Thus, it follows from Proposition 2 that

- 2
p ) 1
A=W = 6B — voep. ToTs + T (Te + To + T2) _VIT;C(TZ+Tw)+Tw(T§+T1—|—TZ) 1
L (Tw + 72) (T + T2) + TwT2 (Tw + 72) (Te + T2) + T T2 Te
- 2
TaTs To (T2 + Tw) 1
_1/0(15562 (T + 72) (Te + 7o) + TwTs T (Tw + 72) (Te + 7)) + TwTZ] Ta
- 2
To (Te + 7o + 72) T (Te + o +72) 1
+ _¢£6z vodef- (Tw + 72) (Te + 7o) + TwTs Vi (T +72) (Te +70) + TwT2| T2
B —V(JSB To (Te + Ty + 72) o T (Te + o + 72) QL
| 0Per= (Tw +72) (Te + T2) + 7w T (Tw +72) (Te + T) + TwT2 | T
In turn, this shows after a few simple but tedious derivations that gTW = 0 off.
vo (vo — 2) [(7e + 7o + 72) deBa)” + 2017 (vo — 1) [(7e + 7o + 72) GeBe] + v772 2 0. (A28)

Equation (A28) is second-degree polynomial in (7¢ + 7, + 7,) ¢¢ 8, with a unique positive solution, which

follows from Descartes’ Rule of Signs. We can now use this solution to show that gTW Z 0 iff.

3 3
121 Ty + T -
de S = e
¢ 2—vo e 475+ 75 ¢

|

Proof of Proposition 3: I once more consider the general case in which 7, € R... The proof has three
steps: The first step uses the equilibrium price level (A20) and Proposition 2 to derive a convenient
expression for W as a function of kg, qo, and 7,,. The second step then uses that expression to find the
unique optimal values for these variables. Lastly, I use the expression for gy from (A25) to translate the
optimal gg coefficient back into the level of ¢¢ that it entails.

Step 1: Equilibrium welfare.

The economy-wide output gap is

Yt = My — Pt
1
= Joo+ A=) —ko—ki1]& + [(1 —0) 1 — ko) €zt + (1 — 10) qlkioept +t.lp
+ ((IO - kl) €zt — klﬁwt + tlp

Thus, after a few, simple derivations

2 2
T, +a T 1 o 1
1-/w = |:—l/1 +(1— 1) qo—= + Ek:o} — + {(1 —19) qo () — ko} — (A29)
T, To Te T, Ta
2 2
« 1 Te + Ty 1 1
+ 1-w)ie () ) + |:_V1 +(1—1)go + = ko} — +k—,
z pRQ T z w

Qo (Te+Ta+7) o E Tz

2
Tz Tpkg o
and ki = 1o, (To+72) (Te+ 7o)+ 70T

where oo =
Tm-‘erkg

Step 2: The unique optimal values of kg, 7, and qq.

Equations (A25) and (A26) show that there exists a one-to-one relationship between ¢ and gy = (1 —
v0)qo (%) = (1 —1)peBs (5) for given 7, and ky. Instead of optimally choosing ¢¢ > 0, I therefore

Tz

choose ¢ instead, implicitly defining the associated optimal gy and ¢¢. This simplifies the derivations.



Consider the Lagrangian associated with the optimal policy problem®

L=WHAl|k 7>+ 5y (o 72) (A30)
= — VoTy
0 Mo (Tw + 72) (Te + 7o) + 0T
Thus,
oL 2 =
=0 YoT: 5 <2k1 et + )\TI) {qo (e + 70 +72) + Vsz} =0. (A31)
07 (T +72) (T£ + 72) + W] w Yo

This equation is satisfied for 7, — 00.%

We can now return to (A29) with 7, — oo. Minimizing (A29) with respect to go when ky =

Vi > 0 and ky = 0 because 7, — o0 yields

ow —-n- = (T4« T¢ Tto = 1 ~ 1
24 =0: [_V1+QO(T)+E1€O} TT&‘F((JO—]CO);'H]OW (A32)
+ [—Vl'f‘(jo%-ﬁ-m:%ko} 1 =0,

which is affine in gy. Thus, after a few simple steps:

*
_x «

=y— >0,
0 1T§+a*+7’z

2
TaTpky

where o* = =20
Tm—‘erk‘a’Q ’

* * T
T, — 00, and kf =11 P

Step 8: The optimal level of instrument policy, ¢2-

In turn, this optimal value of gy can uniquely be implemented with

* V1
o =2 >0, (A33)

where I have used the definition of g in addition to (A25). O

Online Appendix B.4: Extensions

Dispersed Information: Consider the mass 1 — « of flexible price firms. Log-linearizing equation (A6)
when ¢ = 0 shows that these firms’ optimal prices are characterized by

P = Bl [pd] + (1 + EL [y — ar) + B (1]
= (L+n)Ef, [md] — nE], [p] +E, [, (A34)

where the second equality uses that y; — ar = ms — p¢.

Turning to the mass a of fized price firms, their prices are instead simply

Pt = pie, (A35)

5The social welfare loss function in (A29) is strictly pseudo-convex. When combined with the expression for ko in (A26),
we thus have that an interior solution 4£ = 0, where z = {Go, Tw, ko}, is the unique global minimum.

dx
6Notice that go = —Z—;# is not an option in (A31) since that would imply that ¢¢ < 0, and neither is
kl AT Tw

= 2retr) since that would imply that k; < 0.

10



We can now combine (A34) and (A35) to show that

1 «
pe = / phdi +/ pheddi
a 0

= woEf [me] + nE] ] + v,E [pe] + apf, (A36)

where vp = (1—a)(1+7n),n =1—a, v, = (1 —a)n, and E/[] = ﬁf; E;t [[] di.

Iterating on (A36), we can now show that

DPr = ZVZJ; {V0¢E{’j+1 [Es¢] + nEfIH [ft]} +lpt.,
=0

where BT[] = Ef [E{] []}, so that the output gap that results from (A36) is that in (4.8).
An informative special case is once more that in which the central bank’s private signal is perfectly

accurate 7, — o0o. In this case, the output gap in (4.8) under full disclosure collapses to

14 — UV
Yo — ay = (¢ — 7?1)_ V 1) &+ Lpt.,

p

because Ef /1! [E¢¢,] = Ef/™" [¢,] = &. This shows that ¢* = —“—— minimizes W = =3B [y — al)’.

T 1l-vo—vp
An identical result is straightforward to derive for the 7, € R, case.

Learning from Prices and Signals of Central Bank Information: First, notice that Proposition
3 has been proved already in the case in which the central bank observes the noisy signal of the price
level in (2.12). Proposition 3 thus extends to the case in which the central bank observes the endogenous
signal Qtof firms’ private sector information x;. I therefore do not comment further on this case.
Second, notice that if the central bank were instead to observe a noisy exogenous signal of z; of the
form x; + €y, where e, ~ N (0,7,71), the only difference that this would make to the welfare expression
(A29) is that 7,k% would be replaced with 7,. Importantly, (A30) and (A31) would still hold, and hence
so too would the above argument showing the optimality of full disclosure. The presence of a direct,
exogenous signal of firms’ private sector information does not alter the optimality of full disclosure.
Finally, notice that full disclosure is optimal for all 7, > 0. Thus, even if the central bank could choose
the noise 7, Lin its direct signal of z; (behind a veil of ignorance), so long as attention costs ensure that
an interior optimum exists, full disclosure would still be optimal. This shows that the optimality of full

disclosure also extends to the case in which the central bank chooses the precision of its information.
Alternative Monetary Policy Rules: Consider the economy-wide output gap for any m,

Yt — Qg =My — Pt = My — VOE{ [me] — VlE{ (] + L.p-t. (A37)
(1 —vo)my — von;'? — VlE{ (&) + Lp-t., (A38)

where n,"? = m; — ]E{ [m¢] denotes firms’ prediction error about monetary policy.

Further, notice that we can write

El [&] = woms +wow:
- (ww + ww) Wt + Wy (th — €ut — ezt) = Wwyg + €t, (A39>
To (Twt+T:)+T0Ts

Tw+T2)(Te+Te) +Tw T2
I consider two alternative monetary policy rules in the case in which 7, — 0.

where w = T and e; = wy (€41 — €ut — €21)-

11



(i) Suppose monetary policy also responds to the central bank’s (potentially noisy) disclosure,
my = QszEfb [gt] + ¢owi +1pt. = ¢z + puws + Lp.t. (A4O)

Because w; = z; + €., this case is naturally equivalent to the central bank independently responding to
the noise in its disclosure €,;. Inserting (A40) and (A39) into (A38) now shows that

vy —ar = (1 —10) g2t + [(1 — ) P — v1w] wy — von™F — 164 (A41)

But now notice that ¢. =0, ¢, = 2
while also setting the variance of e; to its minimal value. This illustrates how Proposition 3 extends

— oo completely eliminate the first three components,

to the case in which monetary policy also responds to the central bank’s (potentially noisy) disclosure.

(Notice that wy — z¢ when 7,, — oo. Thus, responding to w; or z; becomes the same.)

(i1) Suppose now instead that monetary policy directly targets the variable that causes fluctuations

in the output gap, the price level,
my = ¢pE [py] + Lp.t., (A42)

and suppose moreover that the cash-in-advance constraint always binds.

Notice that the central bank can with (A42) still replicate the flex-price, first-best outcome when it
itself has full information about the mark-up shock (with ¢Z*;f ull =1 and 7% — 00).

Equilibrium prices from Proposition 1 can be combined with (A42) to show that

pe = v_1pe—1 + WE! [my] + nE] (] = nE] Z Vodp) (ECb]Ef) (€] +Lpt., (A43)
7=0

j—1 0
where (E{’Ef ) (&) s defined by the recursion (E{’Ef ) €] = ESE] {(Egbﬂz{ ) [gt}} with (B’ ) (&) =
&, and I abstract from irrelevant constant terms throughout.

The corresponding output gap in (A37), in this case, becomes

oo oo
yi—ar = GnEPELS () (ECb]Ef) &) — mEL S (n,)’ (ECbIEf> (6] + Lp.t.
j=0 7=0

= L 6EPELS (s, (ECbEf> €] —Ef S ()] (]ECbIEf) (€] ¢+ Lpt. (Add)
j=0

7=0

Equation (A44) shows that when the central bank sets monetary policy to its optimal full-information
value (¢, = 1) welfare losses once more only arise from a lack of common knowledge. When the central

bank now also sets 7, — 0o, the expression for the output gap collapses to

Y — Gy = My — Py = 710 (Egb]E{ €] — B [gt]) +ipt. (A45)

1—

Indeed, following a similar approach as in the proof of Proposition 3 (see also the previous working paper

version of this paper) shows that ¢, =1 and 77 — oo describe the combined optimal policy.
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Online Appendix C: Efficient Disturbances
This Appendix details the proofs of the Propositions and results in Sections 5.

Online Appendix C.1: Equilibrium Prices and Money Supply

Proof of Proposition 4: I use the same steps as those used for the mark-up shock case. To solve for

the symmetric linear rational expectations equilibria, I conjecture that m; and p; equal

my = my_1 + doEept [04] (A46)
= M1+ oz + qip, (A47)
pr = v_o1pi—1 + B [my — a4
= voap—1 +vo (mi—1 — ar—1) + 1B ¢4 [0oEcre (0) — 04 (A48)
= voape—1 +vo (M1 — as—1) + koxe + kiwe + kop,, (A49)

where the noisy signal of the economy-wide price level is equivalent to the observation of

1
P = Pt —V_1Ps—1 — Vo (Mi—1 — az—1) — k1w — k'QBJ
0
1 1
= o+ ¢ = 0 + €zt +

kf()€p Foﬁpt.
We need to check the conjectures in (A47) and (A49). To do so, we first compute expressions for
firm and central bank expectations of the productivity shock, as well as firm expectations of the central

bank’s private information. Because of the linear-normal information structure:

Te (Tw + 72)

(Tw + 72) (T + 7o) + 70T
TxTz

(Tw +72) (T + 72) + T2
T, (Tw + Tpkg)
(7o + Tpk?) (1o + 7o) + TuTpkl’

Er[0:] = were +wowy, wg =

Efi[2e] = o2+ vowy, vp =

Ecve [0 Bzz + Bpﬂta B. =

where w,, v, and 8, are implicitly (re-)defined in accordance with the standard expressions.

Inserting these expressions into (A46) and (A48) shows that

me = miy+ o (B2 + Bop, ) (A50)
pr = voapi—1 +vo (my—1 — ai—1) + vo (@B s [z + qipe — Epe [24]) (A51)
= voapi-1 v (M-t — ar1) + vo (Qove — wa) T + 1o (o — wo) we + oqip,,  (A52)
which verifies the conjecture iff. there exists a solution to the system of equations
q0 = ¢oBz, @ = ¢abp (A53)
ko = vo (qove —wz), k1 =10 (govw —ww), k2 =10q1, (A54)
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in which ¢, € R and k; € R, h = {0, 1} and j = {0, 1, 2}.
Because all fixed point equations in (A53) and (A54) depend only on kg, all that however needs to
be shown is that the equation for kg has a solution. We can re-write the equation for kg as

Q (ko) = (To+Te+72) Tk +vo [(To + T + T2) Wa — PoT2v2] Tk (A55)
+ T (TG + TZ) ko + voTs [(7—0 + Tz) We — ¢07—z'01] =0.
Since ¢p € [0, 1] by assumption and v, < w,, Descartes’ Rule of Signs then establishes that there exists

either one or three negative solutions for kg to (A55), depending on parameter values. O

Online Appendix C.2: Disclosure and Prices

Proof of Proposition 5: The equation determining kg is

qoT: — (Tw +72) 7 (T2 + Tak3)

ko = voTe <0, = . A56
0 0 (T + 72) (70 + 72) + TwT> % = %o (T + Takd) (To + 72) + TuTakd ( )
The derivative of the right-hand side (RHS) of ko in (A56) with respect to 7,, equals
ORHS TuTs [ (70 + 7 + 72)]
=1 T — 4o (79 Tx T2)] -
07 (1w +72) (To + 7o) + TuT2)?
Thus, 8?515 > 0 and hence % >0 iff g < WTizH From (A56), the latter is equivalent to
T9 + 0o+ T, n
< 4/ = =
P < T——— b0,
where a = T::_Tfjgg denotes the precision of p,- Conversely, % < 0 when ¢g > qgg. O

Online Appendix C.3: Optimal Use of Information

Proof of Proposition 6: I use the same three step procedure as in the proof of Proposition 3.
Step 1: Equilibrium welfare.

The economy-wide output gap is

Yo —ay = My — Pt — g
1
= [oo+ (1 —w)a — ko — ki —1]0: + [(1 — o) 1 — ko] €zt + (1 — 1) Q1kfo€pt +tl.p
+ (g0 — k1) €zt — krew + t.Lp.

Thus, after a few, simple derivations

2 2
T, +a T 1 « 1
1= = { (1—=10) + (1 — o) qo + Gko} —+ {(1 —10) Qo <> - ko} — (A57)
z Tx 7o Tz Tx
2 2
1 Ty + T 1 1
e (2) L - SRRERTEY
+ (1—v9)"q; (Tz e + [vo+ (1 —wo)go + P 0 - + [y
TeTpk? To+Te+T2)—T2
where o = ui:flgg > 0 and k1 = g7, (TgﬂT:;ETeiTm))+Tsz.

Step 2: The unique optimal values of kg, 7, and qq.

14



Proposition 4 demonstrates that there is a one-to-one relationship between ¢y and ¢y for given 7, and
ko. Instead of optimally choosing ¢y € R, one can therefore choose gy € Ry, implicitly defining the
associated optimal ¢g-response. I adopt this approach below.

Consider the Lagrangian associated with our optimal policy problem”

£:W+)\|:]€0—1/07'x QOTz*(TwﬁLTz) :|

(T +72) (To + T2) + TwT
Thus,

(‘3£_O. T,

To + Ta
—_— = : IZ0) (le
2
e (7w + 72) (T + 7o) + TwT2] Tw

+ ATg;) [q0 (o + 7o + 72) — 7] = 0.

This equation is satisfied for 7,, — oo for given kg and qq.
We can now return to (A57). Minimizing (A57) with respect to go when kg = —1p——*7— < 0 and
k1 = 0 (because 7, — 00) delivers

W _
dqo

0: [— (1-—v9)+ (1 —w)qo (%) + :—zko} (%) + {(1 —19) Qo (%) - ko] (Tf‘Tz) (A58)

2
+(1—10) g (rg) et [V" + (1= 10)go + k"} = =0,

which is linear in ¢g. After a few simple derivations, (A58) then shows that

Tz Tz

5= > . A59
o To+ Tz + @ To + Ty + T ( )
Hence, 75 — 00, kj = =07, and ¢ is given by (A59).
Step 3: The optimal level of instrument policy, ¢j.
In turn, the optimal value of ¢y can uniquely be implemented by,
- To + T, + «
p=1>¢pg= —"—— A60
d)é’ ¢9 o+ T+ Ty ) ( )
where I have once more used Proposition 4. O

Online Appendix C.4: Extensions

Dispersed Information: Analogous steps to those that lead to (A34), (A35), and (A36) show that

the price level with productivity shocks in the dispersed information case equals
P = 1/0]E,fc [my — ar] + I/p]E{ [pe] + L.p.t.,

where once again Ef [] = 12 f; E/, [ di.
Identical steps to those used to derive Proposition 4 then show that

Dt voipe—1 + vo (me—1 — ar—1) + kob + kiwe + kap, (A61)

me = M1+ oz +qip,, (A62)

"The social welfare loss function in (A57) is strictly pseudo-convex. When combined with Proposition 4, we thus have

that an interior solution % = 0, where z = {qo, 7w, ko}, is the unique global minimum.
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where the key coefficients ky and gy now solve

qoVz — Wy
01
— UpWy

ko =1 G0 = PoB:, (A63)
and the signal extraction weights v,, w,, and 8, are identical to before. Notice the two key differences
relative to Proposition 4: (¢) that 6; appears in place of x; in (A61), because the noise in firms’ private
signals cancels on averages; and (ii) that ko in (A63) is scaled by (1 — vpw,) ™1, because of the strategic
complementarity v, in (A61). That said, these differences have only minor consequences for our results.

First, increases in central bank disclosure 7, still decrease both v, and w, in (A63). Moreover, since
the decrease in v, is still weighted by ¢y, there once more exists a critical value (Z)g € (0,1), such that
for all ¢g > ngSg disclosure increases the informativeness of the price level. That is, a result akin to
Proposition 5 still extends to the case with dispersed information.

Second, because Steps 1 to 8 in the Proof of Proposition 6 carry over to the case when 7, — co and
ko is instead given by (A63), full disclosure 7, — 0o combined with ¢y = 1 still minimizes the variance of
the output gap with dispersed information. Importantly, disclosure can once more be shown to increase

the informativeness of the price level ¢y =1 > (;Aﬁg in this case, precisely as in Proposition 6.

Alternative Monetary Policy Rule: Suppose that the central bank instead directly targets what
causes changes to the output gap, the price level and labor productivity,

my = my_1+ o + PoEcrt [ar] + OpEcre [pe]
DBt [0t] + dpEent [pe] + L.p-t. (A64)

Similar steps to those used to derive Proposition 4 now show that

pe = voipi—1 +vo (me—1 — a—1) + kozy + kiwe + kap, (A65)
my = Mu—1+ oz + qip, + gawr, (AG6)

where the key coefficients ky and gy now solve
ko = 10 (qove —wz), o = ¢efB= + dpkofy, (A6T7)

where 87 denotes the signal extraction coefficient on z; in the central bank’s expectation of x;.

We can now continue to derive the optimal policy. The economy-wide output gap equals

ye = my—pe— ar = 9Byt (0] — O + dpEepe [p] — pe + t.lp.
_ Ecpi0; O | ,
B [ o ¢p } Ecpepe ] a [ L } [ Dt ] = e [7915] ~ et tlp,

where 0, = { 0, p } and ¢ = [ b0 by } . Thus,
Y =1 (Eepe [94] — 9¢) + (¢ — 1) Ecpy [U4] + t.1p.

It follows that
W= {VMSEL 91+ (60— 1)V [Ean [9]] (6 - 1)} (AGS)
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Hence, the sufficient first order conditions are:®

91 MSE. [0, 1

L OG-V Ew ) (0-1) _

v 960 D6 =0
) OVMSE 91  0(d—1)V [Eepe []] (¢ — 1’)/ B

d)p - a¢p + a¢p - O

L MSEL0L | 00— 1) VEL6-1)

w 0T, o, o

(A69)
(A70)

(AT1)

Now, notice that since ko in (A67) is independent of ¢, and 7, when 7, — oo (and v, — 0), it follows

91 MSE[9,]1 91 MSEq[9:]1
that 50 — 0, 96, — 0,

’
and 2 MgECb[ﬁt]l
Tw

— 0 when 7, = co. This is because only

the informativeness of p, in the central bank’s information set, controlled by kg, is modified by different
policy actions. We therefore have that (A69) to (A71) are satisfied for ¢y = ¢, = 1 when 7, — cc.

8Sufficiency once more follows from the the strict pseudo-convexity of the social welfare loss function in (A68).
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Online Appendix D: A Quantitative Extension

This Appendix describes the derivation and solution of the equilibrium conditions in Section 6. I also

provide detail on the calibration as well as the optimal policy in the central bank full information limit.

Linearized Equilibrium Conditions: The are three main log-linear equilibrium conditions: the Fuler
equation in (6.5), the Taylor Rule in (6.7), and the New Keynesian Phillip’s Curve in (6.6). First, the
maximization of (6.1) subject to (6.2) leads to

. P,
Cy =1 +i1)Ep; |:Ct+1 ;rl] .
t

A simple log-linearization around the full information steady-state then immediately yields the Fuler

equation in (6.5), after imposing market clearing,
Yt = Ent [Ye41] — (ir — Epg [me41]) - (AT2)
Second, direct log-linearization of (6.3) provides us with the Taylor Rule in (6.7)
it = PBept [Yr — at] + €me- (AT73)
Lastly, to arrive at the New Keynesian Phillip’s Curve in (6.6), start with (A7)
e () S (2 () ()] - o

Log-linearizing this equation yields

1
= PRy [mea] + ngSE;‘t [we — pr — a¢] — FEJ% [1e]

where W3 and M*®® denote the steady state values of P‘jﬁit and My, respectively. Using that w;—p;—a; =
(14 n)(ys — ay) from Online Appendix A, redefining the mark-up shock, and normalizing the steady state

price level to equal the steady state wage rate then results in (6.6):

m = BE g [me1] + AEge [y — ar] + Epe [11e] - (A75)

Solution Method: I extend the solution method proposed in Nimark (2017) to the two-sided learning
case, to solve the three-equation model described by (6.5), (6.6), (6.7), and the information sets in (6.8)
and (6.10) under the baseline calibration in which 7#,7¢ — oo. There are two steps to the solution
procedure: First, I start by conjecturing a solution to the model, and then use this conjecture to derive
an expression for the endogenous triplet ¢, = [m 3¢ 4] as a function of the state, taking as given the
equation of motion for the state. I then solve agents’ signal extraction problem to find the equation of
motion for the state, taking as given the function mapping the endogenous triplet into the state. I iterate

on these two steps until convergence.

(1) Conjecture and Endogenous Variables as a Function of the State: 1 conjecture (and later verify) that
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¢: can be written as a linear function of the expectational state vector X, and the vector of shocks u;,"

gt = g Xy + oy,

(A76)
and that the expectational state vector itself follows a VAR(1)
Xt = MXt—l + N’U,t. (A??)
Solving the model implies finding expressions for the matrices g, oy, M, and N.
Using (A76) and that Qg = Qp,, we can stack (6.5), (6.6), (6.7) to arrive at
Aoqe = A1Ege [qea] + ALXe + Ayuy,  j = {a, p} (AT8)
where
1 1 0 0 0
AO = . 5 A1 = 0 5 0 5 Au = Q )
0 01 0 0 O

Vs

in which s; denotes the 1 x 6 selector vector with an entry equal to one in the Ith colum and A7 is either

0 0
Af = —Aéb or AL = e ;
QS (a(%: - ell) ch ¢504(1):ch

depending on which of the structural shocks j = {a, u} drive the economy. The vector €] is the 1 x 2k+1
selector vector with an entry equal to one in the Ith column and the matrix H., is defined so that

IEcbt [Xt] = chXt~

That is, H., selects the central bank’s expectations in X; and moves the hierarchy of expectations “one
step up”. Equation (A78) implies that

gt = FiE s [ge41] + FJZXt + Fyug,

(A79)
where
Fy=A'Ay, FI=Aj'Al, F,=A;'A,.
Inserting the conjecture in (A76) and (A77) into (A79) then shows that
qt FrogMEj [Xy] +F£Xt+FuUt
= (FlaoMHy + F}) X, + Fuy, (A80)

where H; is defined analogously to H, so that

]Eft [Xt] = Hth

9To ease notation, I refer to Xt(():k) simply as X when it does not cause confusion
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Equating coefficients in (A80) with those from the conjecture now shows that
(XOZFlOéoMHf—FFQZ, aq ZFu (A81)

The solution to (A81) provides, for given M, the coeflicients that determine the triplet ¢, = [m; y; it]' as
a function of the state. This completes the first step of the solution procedure.

(2) State Evolution as a Function of the Endogenous Variables: We still need to determine the equation
of motion for the state X;. To do so, I proceed in two steps. First, I solve the private sector’s and
the central bank’s respective signal extraction problems under the baseline calibration, taking as given
(A76). T then stack these expressions and match to the conjecture in (A77).

I start with the private sector. Its measurement equation equals

-1

Xt e} V Tz " 85
/—11 -1
Wi 6’1 Tz " S3+ V7Tw Sy

th — B = 2 Xt —+ 5. 1, Uy = LXt —+ Qut. (A82)
Tt Qg Qi+ 4/ Tp "S5
it af as

By the properties of linear projection, the private sector’s expectation of X; can be written as
Epe [Xe] = MEg1 [Xoa] + K (Zge — Epe1 [Z14]) (A83)
where the matrix of Kalman Gains is determined by
K = (PL'+ NQ')(LPL' + QQ' + LNQ' + QN'L) ",
and the one-step ahead mean squared error P solves the Ricatti equation
P=M [P ~ K (PL'+ NQ"| M + NN

We can then rewrite (A83) as, using (A82),

Eft [Xt] = (I — KL) MEft—l [Xt—l] + KLMXt_l + K (LN + Q) Ut. (A84)

Moving on analogously to the central bank, its measurement equation is

-1/

2t e} VT 83
/_—1_1 —1_
Wi 6/1 Tz S3+ Tw Sy

Zat=| _ | = o | Xt t . 1, up = Lep Xt + Qepur. (A85)
Tt &) Qi +14/Tp Sy
it af oy
such that the central bank’s expectation equals
Ecbt [Xt] = MEcbtfl [thl] + ch (Zcbt - Ecbtfl [Zcth 5 (A86)

where

Koy = (PayLiy, + NQup) (Lep Pev Ly, + Qv Qepy + Ly NQry, + QN/L::b)il )
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and P, solves
Py =M [Pcb — Ko (PyLl, + NQ.)' | M+ NN,

Combining (A86) with (A85) then shows that

Ecbt [Xt] = (I - chch) M]Ecbtfl [thl] + chchMthl + ch (chN + ch) Ug. (A87)

Equations (A84) and (A87) describe the evolution of private sector and central bank expectations, taking
as given the mapping between the endogenous variables and the state in (A76).

We are now ready to stack these expressions and match them to the conjecture in (A77). To do so,
first notice that

Xt(O:I_g—ﬁ-l) _

— 7 - /
where H reorders the elements in { Ep X t(O:k)’ Eqp: X t(O:k)’ ] . The final steps to arrive at the conjectured
form (A77) are to stack (A84) and (A87) and append the underlying fundamental.

Stacking provides us with

| ExX™ 1 | G-KLM Epi-1 X)) 2| KLM | Lo
Ectht(O:k) (I - chch) M Ecbt—lxt(ng) Koy LeyM =t
_ K (LN [ By xOR) PN
+ H ( * Q) Uy = MO fi=1 t(Bllg) + MlXt(gf) + Nutv
ch (chN + ch) ]Ecbtlet;l

where My, M;, and N are implicitly defined. Appending the AR(1) process for the fundamental Xt(o) =
{as, pt} verifies the conjectured VAR(1) form

B X(O)
; e 0 x
X(O:k+1) _ B, x 0:F) pi Y t—1
t H ft< ¢ B 0 0 X(l:k+1)
ECtht(O:k) = = t—1
B 0 0 —
Lo oo X o X RECEES
|0 Mo || x{TY My | [ x5 N ’

where j = {a, p}. Finally, equating coefficients with those in the conjecture in (A77) gives the solution

for the coefficient matrices in the law of motion for the state

_ |0 0 0 0
kel e
N = lvrj;ls&]’ (A89)

where the last two rows/columns have been cropped to make the matrices conformable; i.e. implementing

the approximation that for all orders of expectation where k > k, Xt(k) =0.

Fized Point Problem: Equations (A81), (A88), and (A89) present a mapping from {M, N} — {ag, aq} —

{M, N}, the fixed point of which provides the approximate rational expectations equilibrium to the ex-
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tended business cycle model. To find the coefficient matrices, I iterate on the described two steps until
convergence. To initialize the algorithm, I use the solution to the model with only exogenous private

information; that is where Qy, = {xt_j}iz(ioo and Qg = {zt_j}iz(im.

Calibration: The match between moments and model outcomes is listed for the productivity shock

case in Table 1. The online replication kit contains the analogous results for the mark-up shock case.

Table 1: Model Calibration

Data  Model Outcome Source
Root MSE Output Private Sector  1.96 1.98 El-Shagi et al (2014)
Root MSE Output Central Bank 1.80 1.89 El-Shagi et al (2014
Runkle Statistic 1.97 2.08 Lorenzoni (2009a)

The first two rows of the table use one-period ahead real output growth forecasts for both the private sector
and the central bank. Private sector forecasts utilize data from the SPF Survey, while central bank forecasts
use the Greenbook data set. One-period ahead forecast are referred to as "now-casts" in El-Shagi et al (2014,
Table I). The final row of the table uses the estimated Runkle statistic in Lorenzoni (2009a).

Optimal Policy Limits: Suppose the central bank has full information about y; and a;. In this case,

we can re-write the Euler equation in (A72) as

Y = Ent[yer1]) + Ene [meg1] — 4

= Ent [Ys11] + Ent [me41] — & (ye — ar),

such that

= g B ] + B o)) + s (A90)

It follows that

lim y; = ay,
el Yt t

and hence that ¢* — oo obtains the first best outcome under full information.

Now, suppose instead that the central bank has imperfect information about y; and a;, and define

its forecast error of the output gap as

gc;l:—at = (yt - at) — Ecpt [yt - at] .

Then,
Y = Ent[yer1] + B [mera] — i
= Ent [Ye41] + Ent [Te41] — OBent [y — a4
= B [yerr] + Ene [mea] — 6 (ye — ar) — 9650,
and hence
¢li_)n;o Y = a; + ¢1Ln;o &, (A91)

This shows that when ¢ — oo social welfare losses only arise from the presence of central bank imperfect

information. This is precisely as in the baseline model from Section 2.
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Online Appendix E: Robustness Checks

Online Appendix E.1: Dispersed Information

A substantial debate has arisen about the social value of public information in models with incomplete
common knowledge among private sector agents. Because of strategic complementarities, public signals
may namely in such models receive either too little or too much weight (e.g. Angeletos and Pavan, 2007).
This depends in part on how monetary policy is set (Angeletos et al, 2016).

To explore how the welfare effects of central disclosure differ with dispersed private sector information,
I in this appendix solve the extended model with dispersed private sector information. In particular,
consistent with the benchmark calibration, I set the private information parameters in (6.9) to jointly
match the observed pre-February 1994 dispersion in one-quarter ahead GNP /GDP forecasts in the Survey
of Professional Forecasters (equal to 0.33 percentage points) and the one-quarter ahead accuracy of the
average forecast from the same survey, in addition to the one-quarter ahead accuracy from the Greenbook.
I find that to match these targets o¥ = 0.50, O'z,f =0.11, o3 = 0.60, 03 ; = 0.20.'° T then re-compute
the optimal policy for both the mark-up and productivity shock case. Table 2 and 3 show that the main
insights from my analysis extend to the case with dispersed private sector information.

The introduction of dispersed private sector information further complicates the solution of the model.
Because of dispersed information, the Law of Iterated Expectations does not hold for private sector
expectations: Average private sector expectations of average private sector expectations, and so on,
do not simply equal average private sector expectations. One consequence of this failure of the Law
of Iterated Expectations is that the number of higher-order expectations in each order of expectations
k in (6.12) follows the Fibonacci sequence rather than simply increases by two, as under the baseline
calibration where 057 § =055 =0. Already, with k& = 15 we therefore have to keep a track of 4,179
different expectations. I solve the model for k¥ = 15 and re-compute the optimal policies.

Table 2 shows the breakdown of the quantitative results when only mark-up shocks drive the economy.
As in Section 7, I find that the combined optimal policy is to set 7/f — 0o and ¢ — co. Consistent with
my previous results, Table 2 shows that disclosure improves welfare — both at the calibrated pre-February
1994 benchmark and at the optimal monetary policy. The benefit from the central bank being able to
better predict (and counter) private sector actions once more dominates the increase in private sector
responses to the mark-up shock. Moreover, compared to the results in Section 7, the benefit from central
bank disclosure is somewhat larger at both the optimal monetary policy (c. -50 percent now vs -27
percent previously) and at the calibrated benchmark (c. -130 percent now vs -115 percent before). This
shows how the dispersion of private sector information modifies our previous estimates.

Table 3 shows the corresponding breakdown when productivity instead drive the economy. As in
Section 7, I find that the optimal monetary policy is again to set 7% — oo and ¢ — co. The results in
Table 3 are remarkably close to those in Table I1I. Going from complete opacity to full disclosure decreases
welfare losses by around 31 percent at the optimal monetary policy. Around 28 percentage points of this
decrease is alone due to the increase in central bank information about productivity (compared to 29
percentage points before). The benefit from the central bank being able to back out more information
once more dominates the learning externality. In turn, this makes disclosure more beneficial and the
overall effect similar to those reported in Table III.

In sum, the main insights from Section 7 are robust to the introduction of realistic amounts of

dispersed private sector information and the associated absence of common knowledge.

10Recall that the relationship between the precision T and the standard deviation ¢ is 7 = o~ 2.

23



Table 2: Dispersed Information (with Mark-up Shocks)

Parameters %AW

Calibrated benchmark =181 7 —=0

Breakdown of Benefits from Disclosure

A. Benchmark with full disclosure =181 71h =00 —68.90
B. Benchmark with constant h.o. unc.f =181 7H = o0 01.41
A-B. Cost from decrease in h.o. unc. —120.32

Breakdown of Benefits from Optimal Policy

A. Optimal policy ¢ —o00 TH—=00 —99.47
B. Benefit from optimal mon. policy ¢ —00 TH—=0 —56.12
A-B. Benefit from central bank disclosure —43.35

(i) W denotes the life-time consumption equivalent of W.
(ii) %AW¢ denotes the %change in W relative to the calibrated benchmark.
(

1) Private sector and central bank higher-order uncertainty fixed at benchmark values.

Table 3: Dispersed Information (with Productivity Shocks)

Parameters %AW

Calibrated benchmark =181 712 —=0

Breakdown of Benefits from Disclosure

A. Benchmark with disclosure =181 715 —=00 +1.02
B. Private sector benefit of disclosure =181 15 —=00 —9.06
A-B. Central bank cost of disclosure +10.08

Breakdown of Benefits from Optimal Policy

A. Optimal policy ¢ —00 T2 =00 —31.02
B. Benefit from optimal mon. policy p—>00 120 —0.76
C. Private sector benefit of disclosure’ o —>00 TI—=00 244
A-B-C. Central bank benefit of disclosure —27.83

(i) W denotes the life-time consumption equivalent of W.
(i1) %AW denotes the %change in W relative to the calibrated benchmark.
(1) Central bank higher-order uncertainty fixed at calibrated benchmark value.
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Online Appendix E.2: The Signaling Channel of Monetary Policy

In the model described in Section 6, under complete opacity or partial disclosure, changes to the interest
rate provide firms with a noisy signal of the central bank’s private information. By contrast, full disclosure
separates the interest rate from the signaling channel of monetary policy. A concern could therefore be
that the bulk of the quantitative benefits of disclosure reported in Table IT and III arise from the resulting
freedom of monetary policy rather than from the mechanisms described in the paper.

Table 4 and 5 show that this is not the case.

Table 4 and 5 show the equivalent results to those reported in Table IT and III of the main text when
one excludes the central bank interest rate from firms’ information set; that is, when i; ¢ Qlft, which
eliminates any signaling effects of monetary policy. For both the mark-up and productivity shock case,
the differences in results relative to Table II and III are minor. The welfare effects of disclosure increase
by between a couple of tenths of a percentage point to somewhat close to one percentage point. On
balance, both at the calibrated benchmark and at the optimal value of monetary policy, the signaling
channel of monetary policy has a relatively minor influence on the benefits of central bank disclosure.
This is because in both cases the interest rate provides a rather dim indicator of the central bank’s private
information. This is consistent with the substantial impact of central bank disclosure on financial markets
and on private sector uncertainty about future interest rates documented in, for example, Blinder et al
(2008). In sum, the signaling channel of monetary policy comprises a relatively minor component of the

welfare benefits of central bank disclosure documented in Table II and III of the main text.

25



Table 4: Signaling Channel of Monetary Policy (with Mark-up Shocks)

Parameters %AW

Calibrated benchmark ¢=181 71,—=0
Breakdown of Benefits from Disclosure
A. Benchmark with full disclosure ¢=181 71, =00 —b58.95
B. Benchmark with constant h.o. unc.f ¢=181 71, —00 +55.65
A-B. Benefit from decrease in h.o. unc. —114.60
Breakdown of Benefits from Optimal Policy

A. Optimal policy o —>o0 T, —00 —96.53
B. Benefit from optimal mon. policy o —o0 T1,—0 —69.80
A-B. Benefit from central bank disclosure —26.73

i) W¢ denotes the life-time consumption certainty equivalent of W.

(
(ii) %AW denotes the %change in W, relative to the calibrated benchmark.
(

1) Private sector and central bank higher-order uncertainty fixed at benchmark values.

Table 5: Signaling Channel of Monetary Policy (with Productivity Shocks)

Parameters DAW

Calibrated benchmark =181 71,—0
Breakdown of Benefits from Disclosure
A. Benchmark with disclosure =181 71,—>00 —2.93
B. Private sector benefit of disclosure’ ¢=181 71, —>00 —14.40
A-B. Central bank cost of disclosure +11.47
Breakdown of Benefits from Optimal Policy

A. Optimal policy ¢ —>00 T, 00 —32.72
B. Benefit from optimal mon. policy ¢ —>00 T1,—0 +8.94
C. Private sector benefit of disclosure’ ¢ —>0 T,—>00 —12.38
A-B-C. Central bank cost of disclosure —29.28

(i) W denotes the life-time consumption certainty equivalent of W.

(ii) %AW denotes the %change in W, relative to the calibrated benchmark.
() Central bank higher-order uncertainty fixed at calibrated benchmark value.
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Online Appendix E.3: Household Full Information

Unlike the baseline model, the extended model in Section 6 features both household and firm imperfect
information. A concern could thus be that the quantitative results in Table II and III are driven primarily
by the assumption of household imperfect information. However, as Table 6 and 7 show this is not the
case. Although the overall effects are somewhat smaller when the representative household has full
information, the overall direction and magnitude are similar to those reported in Table IT and III.

To compute the results in Table 6 and 7, I solve the extended model under the additional assumption
that the representative household’s information set includes (i) the driving forces of the economy a;
and py; (ii) the central bank signal vector z;; and lastly (iii) firms’ signal vector z;. Combined, the
representative household thus has full information — both about the driving forces of the economy as
well as firm and central bank (higher-order) expectations about them.

Table 6 reports the breakdown of the result in the mark-up shock case. Because of the decreased
importance of higher-order expectations (see the main text and Online Appendix E.4), the benefits of
disclosure that I have stressed are somewhat smaller. Under the optimal monetary policy, which I once
more find to be ¢ — oo, disclosure decreases welfare losses by 12 percentage points (relative to 27
percentage points in Table IT). Consistent with the decreased benefit of disclosure, the benefits from the
optimal use of monetary policy are also relatively larger.

Turning to the productivity shock case, Table 7 reports the breakdown of the results with household
full information. I once more find the optimal monetary policy to be ¢ — co. As with the mark-
up shock case, the benefit of disclosure is somewhat smaller here than in Table IIT (10 percentage
points versus 29 percentage points before). This is once more due to the decreased importance of
higher-order expectations. As I also remarked on in the main text, interestingly full disclosure is now
also detrimental for welfare at the calibrated benchmark, even when keeping central bank uncertainty
constant. This demonstrates the importance of the interaction between monetary and disclosure policy
(see also Angeletos et al, 2016). Lastly, the optimal use of monetary policy now also becomes more
important than disclosure policy. This once more stresses how the relative benefits of monetary and
disclosure policy depend crucially on the nature and extent of information frictions.

Finally, Table 8 and 9 report the results of an additional exercise in the spirit of Chahrour and
Ulbricht (2019). Not only do I assume that the representative household has full information but also
that firms know aggregate output g;. The main impact on my results is again, on balance, a slight
decrease in the benefit of central bank disclosure.

In sum, assuming household full information (instead of imperfect information) decreases the benefits
of disclosure somewhat. That said, both overall direction and magnitude of the effects are similar to
those reported in Table IT and III.

27



Table 6: Household Full Information (with Mark-up Shocks)

Parameters %AW

Calibrated benchmark p=181 7 —=0

Breakdown of Benefits from Disclosure

A. Benchmark with full disclosure =181 71 =00 294
B. Benchmark with constant h.o. unc.f =181 71¢ =00 +10.33
A-B. Benefit from decrease in h.o. unc. —13.27

Breakdown of Benefits from Optimal Policy

A. Optimal policy ¢ —o00 TH—00 —81.93
B. Benefit from optimal mon. policy ¢ —00 TH—=0 —70.22
A-B. Benefit from central bank disclosure —11.71

(i) W¢ denotes the life-time consumption equivalent of W.
(ii) %AW denotes the %change in W relative to the calibrated benchmark.

(1) Private sector and central bank higher-order uncertainty fixed at benchmark values.

Table 7: Household Full Information (with Productivity Shocks)

Parameters %AW

Calibrated benchmark =181 712—=0
Breakdown of Benefits from Disclosure

A. Benchmark with disclosure =181 718 —=00 +3.75
B. Private sector benefit of disclosure’ =181 72 —=>0o0 +3.53
A-B. Central bank cost of disclosure +0.22

w

Breakdown of Benefits from Optimal Policy

A. Optimal policy ¢ —>00 TI—00 —88.64
B. Benefit from optimal mon. policy ¢ —00 TE2—=0 7794
C. Private sector benefit of disclosure p—>00 T2—=00 —0.31
A-B-C. Central bank benefit of disclosure —10.40

(i) W denotes the life-time consumption equivalent of W.
(ii) %AW denotes the %change in W relative to the calibrated benchmark.
() Central bank higher-order uncertainty fixed at calibrated benchmark value.
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Table 8: Household Full Information (with Mark-up Shocks and Output)

Parameters %AW

Calibrated benchmark p=181 7 —=0

Breakdown of Benefits from Disclosure

A. Benchmark with full disclosure =181 71 =00 —2.29
B. Benchmark with constant h.o. unc.f =181 71 =00 +7.29
A-B. Benefit from decrease in h.o. unc. —9.58

Breakdown of Benefits from Optimal Policy

A. Optimal policy ¢ —o00 TH—00 —81.28
B. Benefit from optimal mon. policy ¢ —00 TH—=0 —65.73
A-B. Benefit from central bank disclosure —15.55

(i) W¢ denotes the life-time consumption equivalent of W.
(ii) %AW denotes the %change in W relative to the calibrated benchmark.

(1) Private sector and central bank higher-order uncertainty fixed at benchmark values.

Table 9: Household Full Information (with Productivity Shocks and Output)

Parameters %AW

Calibrated benchmark =181 712—=0

Breakdown of Benefits from Disclosure

A. Benchmark with disclosure =181 7% =00 +7.71
B. Private sector benefit of disclosure’ =181 12 —=00 +9.38
A-B. Central bank cost of disclosure —1.67
Breakdown of Benefits from Optimal Policy
A. Optimal policy o —>00 TS —=00 —90.81
B. Benefit from optimal mon. policy ¢ —>o00 T2—=0 7475
C. Private sector benefit of disclosure p—>00 TE—=00 —6.43
A-B-C. Central bank benefit of disclosure —9.64

(i) W denotes the life-time consumption equivalent of W.
(ii) %AW denotes the %change in W relative to the calibrated benchmark.
() Central bank higher-order uncertainty fixed at calibrated benchmark value.
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Online Appendix E.4: Limited Number of Higher-Order Expectations

A substantial literature in experimental economics has demonstrated people’s limited capacity to form
higher-order expectations (see, for instance, Nagel, 1995). One advantage of the computational approach
taken in Section 6 and 7 is that it directly allows one to study the consequences of such behavioral limits
for the benefits of central bank disclosure. I demonstrate below how the main quantitative insights
extend to cases in which firms and the central bank compute only a few higher-order expectations. I for
brevity consider the case where k = 3, consistent with the upper-bound in Nagel (1995).

Table 10 shows the breakdown of the welfare benefits of disclosure when only mark-up shocks drive
the economy. The table corresponds to Table II in the main text. Compared to the case reported in
the main text in which firms compute k& = 50 higher-order expectations, we see that the benefit of
disclosure at the calibrated benchmark is somewhat reduced. This is consistent with fewer higher-order
expectations contributing to the equilibrium dynamics of the model. That said, the first £ = 3 higher-
order expectations still account for the lion-share of the welfare benefit that follows from disclosure in
Table II. Indeed, the welfare benefit with & = 3 are quite similar to those with k& = 50.

Table 11 shows the corresponding breakdown of the welfare benefits of disclosure when productivity
shocks instead drive the economy. This table corresponds to Table III in the main text. Compared to
Table III, the welfare benefit of disclosure under the optimal monetary policy is smaller, although the
decrease in central bank uncertainty is still clearly present: It contributes four percentage points to the
overall decrease in welfare losses. Furthermore, with & = 3 the decrease in higher-order uncertainty
already dominates the standard learning externality at the calibrated value of monetary policy. As
a result, increases in central bank disclosure from this calibrated value would decrease central bank
uncertainty, leading to better monetary policy.

In sum, the main quantitative insights from Section 7 are robust to decreases in the number of higher-
order expectations that firms and the central bank compute. Although plausible limits to the amount
of higher-order expectations somewhat dampen the magnitude of the quantitative results, in all cases

central bank disclosure is unequivocally beneficial.
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Table 10: Limited Higher-Order Expectations (with Mark-up Shocks)

Parameters %AW

Calibrated benchmark ¢0=181 71,—=0
Breakdown of Benefits from Disclosure
A. Benchmark with full disclosure =181 71,—=>00 —41.06
B. Benchmark with constant h.o. unc.t 0=181 71, —>00 +b5H4.59
A-B. Benefit from decrease in h.o. unc. —95.65
Breakdown of Benefits from Optimal Policy

A. Optimal policy ¢ —00 T, 00 —T74.39
B. Benefit from optimal mon. policy ¢ —>00 T1,—0 —36.26
A-B. Benefit from central bank disclosure —38.12

(i) W denotes the life-time consumption certainty equivalent of W.

(ii) %AW denotes the %change in W, relative to the calibrated benchmark.

(1) Private sector and central bank higher-order uncertainty fixed at benchmark values.

Table 11: Limited Higher-Order Expectations (with Productivity Shocks)

Parameters DAW

Calibrated benchmark ¢0=181 71,—0
Breakdown of Benefits from Disclosure
A. Benchmark with disclosure =181 71,—>00 —32.01
B. Private sector benefit of disclosure’ ¢ =1.81 7, - o0 —13.22
A-B. Central bank cost of disclosure —18.88
Breakdown of Benefits from Optimal Policy

A. Optimal policy ¢ —>00 T, 00 —48.09
B. Benefit from optimal mon. policy ¢p—00 T,—0 —17.29
C. Private sector benefit of disclosure’ ¢ —00 T, =00 —27.07
A-B-C. Central bank cost of disclosure —-3.73

(i) W denotes the life-time consumption certainty equivalent of W.

(i1) %AW denotes the %change in W, relative to the calibrated benchmark.
() Central bank higher-order uncertainty fixed at calibrated benchmark value.
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Online Appendix E.5: Strategic Interactions and Higher-Order Expectations

An important driver of the costs and benefits of central bank disclosure is the extent to which households
and firms are forward-looking. The less forward-looking households and firms are, the less their expec-
tations about the future actions of others matter for equilibrium outcomes. Since the degree of such
dynamic strategic complementarity is tied intimately to the importance of higher-order expectations,
changes to the extent to which households and firms are forward-looking could matter for the costs and
benefits of central bank disclosure.

To understand the consequences of a decrease in the discount factor, for example, consider to start
the New Keynesian Phillips Curve in (6.6) from the main text,

= BB [mera] + AB [y — i) + B (] =B > B {\ yews — aa] + s} - (A92)
l

Inserting the forward-solution for output from the Euler equation into (A92) then shows that

meo= ALY B Mg — e | — Bl o] + ———E] ] (A93)
=0 =0 1- 5/)11 1- /Bpu

Thus, the smaller S is the less inflation at time ¢ depends upon firms’ expectations of future inflation and
interest rates via the output equation. As a result, the less inflation depends upon firms’ higher-order
expectations of future firm and central bank actions. This, in turn, decreases both the costs and benefits
of central bank disclosure. The costs decrease because of the decrease in amplification that arises from
firms discounting future firms’ responses to, for instance, the inefficient mark-up shock relatively more.
By contrast, the benefits decrease because of the reduction in the importance of firms’ expectations of
central bank beliefs through the decrease in the importance of future interest rates. Table 12 and 13
show the reduction in the quantitive costs and benefits of disclosure when we decrease  from 0.99 to
0.75. Crucially, in both cases the benefits of disclosure still outweigh the costs at the optimal value of
monetary policy, and by a comparable amount to that reported in Table II and III of the main text.
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Table 12: Strategic Interactions and Higher-Order Expectations (with Mark-up Shocks)

Parameters DAW
Calibrated benchmark =181 71,—0

Breakdown of Benefits from Disclosure

A. Benchmark with full disclosure ¢=181 71, =00 —62.95
B. Benchmark with constant h.o. unc.f ¢=181 71, >0 +47.88
A-B. Benefit from decrease in h.o. unc. —110.83

Breakdown of Benefits from Optimal Policy

A. Optimal policy o —o0 T, —00 —95.99
B. Benefit from optimal mon. policy ¢o—>o0 T1,—0 —63.62
A-B. Benefit from central bank disclosure —32.37

(i) W denotes the life-time consumption certainty equivalent of W.
(ii) %AW denotes the %change in W, relative to the calibrated benchmark.
(

1) Private sector and central bank higher-order uncertainty fixed at benchmark values.

Table 13: Strategic Interactions and Higher-Order Expectations (with Productivity Shocks)

Parameters BAW
Calibrated benchmark =181 71,—0

Breakdown of Benefits from Disclosure

A. Benchmark with disclosure =181 71,—>00 —1847
B. Private sector benefit of disclosure’ ¢=181 71, —>00 —26.64
A-B. Central bank cost of disclosure +8.17

Breakdown of Benefits from Optimal Policy

A. Optimal policy ¢ —>00 T, 00 —32.34
B. Benefit from optimal mon. policy ¢ —>00 T1,—0 +8.44
C. Private sector benefit of disclosure’ ¢ —>0 1,00 —15.30
A-B-C. Central bank cost of disclosure —25.48

(i) W denotes the life-time consumption certainty equivalent of W.
(ii) %AW denotes the %change in W, relative to the calibrated benchmark.
() Central bank higher-order uncertainty fixed at calibrated benchmark value.
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