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A Extensions

A.1 Price target

We have assumed so far that the central bank actions were not conditional on any
endogenous information, which does not correspond to how monetary policy is
implemented in practice. We assume here that instead of observing a noisy signal
of the real shock, the central bank observes the price level with noise, which is a
more realistic assumption. It is also a natural way to introduce central bank noise.
We then examine how optimal policy would translate into a standard Taylor-type
rule, where money supply reacts to its measure of the price level. We find that the
signalling policy described in Section 4 is still optimal. As in our baseline model,
the central bank targets a positive correlation between money supply and prices.

Denote by &, the monetary policy noise, so that the central bank observes p—¢,,
with &, ~ N(0,02 ).

The monetary policy rule is m = —f,(p — &,). A positive 3, would correspond

to a standard price-stabilization policy. Nominal demand then follows:

q==0pp+ Bp&p +v=—5pp+1p (27)

where v, = 8,6, + v is the total demand disturbance. Now denote z, = z + £, 1.
The precision of the signal is given by P,(8,) = [k,(8,)]* (05 + 802 ).
The analysis remains similar to our baseline. To see this, consider the endoge-
nous signal ¥:
g=q+(e—1p=(e—1=Bp+B& +v

As p respond to the real shock z, the central bank can make the endogenous
signal more sensitive to it by setting a large 3, in absolute value. However, as the

endogenous signal reacts positively to both prices and nominal demand, it is more



efficient to make nominal demand react in the same way as prices. This is achieved
by setting a negative 3,.
We show indeed (see Section B.12 for details), that in equilibrium,

_ A=
o l=fe(l—x) - 1]

where X is defined as in (21). As before, k,, the sensitivity of the endogenous

K

(28)

signal to z, depends on the policy-induced response of nominal demand and on the
natural response of prices. The natural response is the same as before (\), while
now the reaction of the nominal demand is a function of 3, but also of the natural
response of prices, because policy reacts to prices and not directly to the shocks.

Again, optimal policy maximizes the precision of the endogenous signal. We
show that this is achieved by setting 3, = 3}, where

x _ v 9

O (0—1)ag (29)
The optimal 3, still depends on the relative variance of v and §,. The only differ-
ence with the baseline case is that it does not depend on A but only on g — 1, the
elasticity of the endogenous signal to prices.

It is optimal to make nominal demand respond positively to the central bank’s
signal on prices. This gives more information on the real shock z to prise-setters,
through the following mechanism. Prices react negatively to z, because firms re-
ceive private signals on z. As a result, the central bank measures a decrease in
prices, and reacts by decreasing money supply. The endogenous signal then de-
creases through two channels. First, because of the price decrease, and second,
because of the policy-induced decrease in nominal demand. This decrease in en-
dogenous signal constitutes a positive signal on z, which leads firms to set even
lower prices, etc... This policy design thus enables firms to react more accurately
to the real shock z.

The optimal response of the money supply to the price level measure is therefore
positive to emphasize the response of the endogenous signal to the real shock. The
response of prices to a supply shock tends to be negative, so the optimal rule
makes the money supply respond negatively to a supply shock, which would make

monetary policy counter-cyclical, as in our baseline model.



A.2 Dynamic extension

Here we examine how our simple static framework can be extended to a dynamic
one. The purpose is not to provide a full-fledged dynamic extension, but to show
how such a dynamic model could be developed. We therefore present the simplest
dynamic extension possible, and show that it can be mapped into our simple static
framework, with some slight changes.

We keep the same structure as in our baseline model, and consider now that
time is infinite and discreet. We also now focus on a cashless economy, as defined
by Woodford (2003), where monetary policy is defined in terms of nominal interest
rate, and money is not introduced explicitly.

The household is infinitely lived and has the following lifetime utility:

Uy = Z B*u(Yirs, Nevs, Ziys) (30)

5=0
where u, Y, N and Z are defined as in (1). The household has the same budget
constraint (2) as before, except that she also holds nominal bonds B that yield the
nominal interest rate ¢. We also introduce transfers T" from the government. We

thus have
1 1
/ Py Cydi + By = / ydi + WiN, + (14 4,-1) By + T,
0 0

The budget constraint of the government being B;1 = (1+1;) By + T, the resource
constraint of the economy boils down to Equation (2).

The central bank sets the nominal policy rate i€, and the effective interest rate
faced by the household is then

iy = i — v, (31)

vy 1s a nominal interest rate shock that is not under the control of the central bank.
It plays the same role as the velocity shock in our baseline model. The monetary

policy rule is now defined as
i = =Bz (32)

The objective of the central bank is to maximize the household’s utility U, as
defined in Equation (30).
For simplicity, we assume that z = log(Z) and v are i.i.d. shocks and follow

the same distribution as before. Regarding information, all past shocks and past
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variables are known to all agents. The dynamic problem then reduces to a repeated
static problem, as in our baseline. The information about the current realization
of shocks follows the same structure as in our baseline model. The objective of
the central bank then boils down to minimizing the same loss function as in the
baseline model. All our key equations hold, especially the pricing equation (6).
The endogenous signal is still § = y + op. We define nominal spending as before
q=1y+p,sothat § =q+ (0 — 1)p.

The only difference with our static model is the way nominal demand ¢ is

determined. From the model’s Euler equation, we can show that

(Oy: + 1) = Ee(OYs1 + Dig1) — i

where Fy(.) represents the household’s expectations. Since all our shocks are i.i.d.,
Ei(yiy1) = Ei(pir1) = 0, which enables us to write, using ¢ = y + p, and the
monetary policy rule (32), along with the interest rate equation (31):

1—¢ 1 1—¢

q = %(5261’ +vt) — 5 = 5(52 + ) — 5

where v = B¢ + v as before. This equation is the counterpart of Equation (12).

2 (33>

Nominal demand is related to the policy rule through the elasticity of intertemporal
substitution 1/¢. Importantly, nominal demand does not depend on policy only.
The price now plays a role as well, as a higher price today means a higher expected
real interest rate, which has a negative impact on demand.

We can show that the optimal 3 is still the one that maximizes the precision

of the endogenous signal (see Section B.13). It is now defined as follows:

0.2

5 =3 (34

where \ is given by
_ (o —1)(A =Xx)76
1+ [po(1 —x) — 1y
Notice that now, the sign of A can be negative, depending on the sign of ¢po — 1.

(35)

This comes from the fact that the effect of aggregate prices on the endogenous
signal is now ambiguous. On the one hand, higher prices increase the demand for
the individual good, for a given level of nominal demand. This effect was present
in the static model and is governed by the elasticity of substitution p. However,

now higher prices decrease nominal demand, which decreases the demand for the
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individual good. This effect was absent in the static model and is governed by
the elasticity of intertemporal substitution 1/¢. When ¢o < 1, the latter effect
dominates, which is reflected in a negative .

In that case, it would be optimal to set a positive 5. Indeed, a positive supply
shock, by decreasing prices, will have a positive effect on the endogenous signal. An
increase in the endogenous signal is therefore good news about z for firms. When
the central bank itself gets a good news about z, it can reinforce the information
content of the endogenous signal by decreasing the nominal interest rate and hence
further stimulating nominal demand, which will reinforce the positive effect of z
on the endogenous signal.

Can ¢p be lower than 1 for realistic parameter values? The admissible values
for 1/¢ go from 0.1 to 2.8 The value for the elasticity of substitution between
goods o has been estimated in the range of 1.5-10, where lower values correspond
to estimations on aggregate data and higher values to estimations on sectoral
data.2 Whereas we cannot exclude this case completely, ¢o is lower than 1 only for
extremely low values of g, and extremely large values of 1/¢. Our main predictions

are therefore most likely to carry through in this simple dynamic framework.

Discussion How could the dynamic analysis be extended further and how would
that change our results? First, more persistence in shocks could be added. With
more persistent shocks, and under the assumption that past shocks are not known,
it would be relevant to make the policy rate depend on past signals as well, which
would give rise to some interest rate smoothing.

Second, the structure of the model could be enriched. In particular, what
appears to be crucial is the structure of the endogenous signal, and especially, how
that signal depends respectively on aggregate prices and on policy-related demand.
In our baseline model, aggregate prices affect positively the endogenous signal.
Since the real shock has a negative effect on prices, this led to a counter-cyclical
monetary policy. If aggregate prices affected the endogenous signal negatively, then
the signalling policy would be pro-cyclical. This result could be obtained if prices
had a sufficiently negative effect on aggregate demand — and hence on the individual
demand for good. The introduction of a Fisherian debt-deflation mechanism, for

instance, because it makes aggregate demand react more negatively to the price

1See for instance Hall (1988), Barro (2009), and, for a meta-analysis, Havranek et al. (2015).
2See Imbs and Méjean (2015).



level, could make a pro-cyclical policy a better way to reveal information to agents.

A.3 Signal on the nominal shock

In our baseline model, we have assumed that the central bank and firms received
information only on the real shock (z), but not on the nominal or velocity shock
(v). We relax this assumption here, by assuming that both the central bank and
firms receive noisy signals on v.

We show that, while the central bank effectively emphasizes the price response
to real shocks, it stabilizes prices as a response to nominal shocks. As the nominal
shock is inflationary, the central bank reduces money supply following a positive
signal on the nominal shock, in order to limit its impact on the endogenous signal,
which stabilizes the response of price to the nominal shock. The objective of the
central bank is still to make the endogenous signal the best signal possible of the
real shock. It has therefore to minimize the impact of nominal shocks on the
endogenous signal. This is an implication of the divine coincidence through which
a better information on the real shock implies a better information on nominal
demand.

We assume that the central bank gets a noisy signal on v: v = v + §,, where
& ~ N(0, ng). Each firm also receives a private signal on v: v; = v + €,;, where
€vi ~ N (0,02 ) is an idiosyncratic shock.

Figure (3) represents the optimal § and §, under different values of o¢,. The
optimal response to both real and nominal central bank signals is negative. As the
real shock is inflationary while the nominal shock is deflationary, this implies that
it is optimal to make money supply comove positively with prices in the case of
real shocks, as in the baseline model, and negatively in the case of nominal shocks,
whatever the level of o, and oy, .

Consider now the effect of o,,. When the central bank is perfectly informed
on v (¢, goes to 0), B goes to -1 and 3* goes to zero: it is enough to shut down
nominal shocks to make the endogenous variable reveal z to firms perfectly. As
the central bank becomes less informed on v, (o¢, increases), then it reacts less
and less to its signal on v (B} is less negative) and more and more to its signal on

z (B* is more negative).



Figure 3: Optimal policy with information on the nominal shock
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Note: We set o =7, ¢ +n = 0.5, which yields § = 2 and x = 0.5. We set in the

baseline 0, = 0, = 0. = 0.1, 0, = 1 and o = 0.2.

A.4 Marginal cost signal

The firms’ information problem is to infer their marginal cost. In our simple
framework, this marginal cost corresponds to the wage, which is observed only at
the end of period. If the wage were known at the price-setting stage, then the
signal extraction problem of firms would become trivial, as it would be optimal to
simply set p; = w. As argued earlier, in our view, it is reasonable to assume that
firms do not observe their marginal cost directly. However, it is also reasonable
to assume that firms have some information on their marginal cost. We introduce
this idea by assuming that firms observe a signal on the wage w; = w + ¢;, where
e; ~ N(0,02) is an idiosyncratic noise. We then examine how this assumption
affects the equilibrium outcome and optimal policy.

This extension is solved numerically, with different levels of o.. The results are
shown in Figure 4. The optimal (3 is still negative in all cases, which means that
our signalling channel is still present. The accuracy of the marginal cost signal
decreases the magnitude of the optimal 8 though: it appears to get closer to zero
as the level of noise o, diminishes. A greater accuracy of the marginal cost signal
has the same effect as a greater accuracy of the private signal on z (a lower o,

i.e. a higher 7). A greater accuracy of private information in general makes the



Figure 4: Optimal policy with a marginal cost signal
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Note: We set o = 7, ¢ +n = 0.5, which yields 6 = 2 and y = 0.5. We set

0, =0, =0c=0.1and o¢ =0.2.

endogenous signal a better signal of the real shock, which renders central bank

intervention less necessary.

Figure 5: Optimal policy with noisy marginal cost and demand signals
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Note: We set o = 7, ¢ + 1 = 0.5, which yields 6 = 2 and y = 0.5. We set

o,=0,=0=0.1and o¢ =0.2.

Figure 4 considers the special case where the demand signal is perfectly ob-



served, so that the optimal policy is necessarily the signalling policy. We now
relax this assumption by considering varying levels of noise in the demand signal
0., along with varying levels of noise in the marginal cost signal o.. Figure 5 dis-
plays the sign of 5* for different values of o, and o.. We can then see what channel
prevails (signalling or surprise) depending on the relative levels of uncertainty in
demand and uncertainty in marginal cost. Note that a prior:, it is not clear how
uncertainty on the marginal cost should affect the dominant channel, for a given
uncertainty on demand. Intuitively, a better marginal cost signal helps firms set
prices more accurately (since at the optimum the price is equal to the marginal
cost). For a given quality of information on demand, better information on the
marginal cost thus renders costly monetary policy interventions less desirable, re-
gardless of the channel. The figure actually shows that the sign of £* depends
essentially on the precision of the demand signal o,. That is, the signalling chan-
nel vanishes when the demand signal is too noisy, which we have already shown
in Section 4. The precision of the marginal cost signal plays almost no role in
determining the threshold o, above which g* becomes positive. Only when the
marginal cost signal is particularly precise (when o, is below 0.2) does o, play a
role. In that case, the surprise channel starts prevailing for relatively lower values

of 0., that is, for relatively more precise demand signals.

A.5 “Inefficient” shocks

We introduce shocks to the elasticity of substitution between goods p, which is now
time-varying. Mark-ups are inversely related to o, so we denote p the opposite of
the log-deviation of p from its steady state, and interpret p as shocks to the mark-
up. By introducing mark-up shocks, we introduce shocks that drive inefficient
fluctuations. In that case, the central bank does not necessarily want to improve
the information of firms.

We assume that p ~ N(0, 0/2,). The optimal price-setting equation now becomes
pi = xEip+ (1 = x)[Eiq + 6,Eip], (36)

with 6, = 1/[(n + ¢)(0 — 1)]. The price responds to the firm’s expectation of the
mark-up shock. Notice that J, is positive, which means that a mark-up shock

tends to be inflationary, contrary to the supply shock, which is deflationary.
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Firms have the same information set as before, but they also receive an in-
dividual signal p; on p: p; = p + w;, where w; ~ N(0,02) is an idiosyncratic
shock.

The central bank observes a signal p® on the mark-up shock p: p® = p+ ¢,
where &, ~ N(0, agp). It then sets money supply as m = 8,p%, so that the nominal

demand becomes
q= Bpp + Vp,

with v, = v+ B,,.

All the analysis of Section 3 holds, except for the definition of the price gap
p — p* and for Proposition 1 which defined optimal policy. Indeed, since mark-up
shocks drive inefficient output fluctuations, the socially optimal price is p* = gq.

The spread between the realized and optimal price is then

pi — 1" = X[Ei(p) — p"] + (1 = x){[Ei(q) — ql +6,[Ei(p) — pl} + 0 (37)

As before, the expectation errors can be reduced by making the endogenous
signal as informative as possible. However, this would not be necessarily optimal
here because it would make agents respond better to mark-up shocks, which would
drive inefficient fluctuations. Indeed, the price gap would still be equal to d,p if
the firms made no expectation errors. It could then be optimal for the central
bank to make the endogenous signal less precise.

In fact, the optimal monetary policy minimizes the precision. The optimal
policy is then given by 35 defined as follows (the proof is available in Section
B.14):

ﬁp = _/\p(ﬁp) = (S_f_g + )Q((l _f());gg

(38)

Now, the purpose of the central bank is to reduce the information content of the
endogenous signal by counteracting the effect of mark-up shocks on prices. Since
a mark-up shock is inflationary, monetary policy is restrictive following a mark-up
shock, so that the endogenous signal does not reveal anything about that shock to
the agents. This contributes to lower the responsiveness of output to the inefficient

mark-up shocks.?

30ur results are consistent with Angeletos and Pavan (2007) and Angeletos et al. (2016).
They find that when the business cycle is driven by non-distortionary forces (e.g., productivity
shocks), welfare always increases with information’s precision. When the business cycle is driven

by distortionary forces (e.g., mark-up shocks), welfare decreases with information.
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B Proofs

B.1 The Price-setting Equation

The profits of firm ¢ are II; = P;Y; — WN;. Using the individual good demand

equation, (3), the production technology, (5), we can write these profits as

I, = (P, — W)Y <%>_g

The optimality condition with respect to P;, resulting from the model specified

in section 2 is then

alv(B)}alimr ()l @

We log-linearize (39) around the non-stochastic steady-state characterized by Y =
Y,P=P,P,=P =P, W =W, and obtain

YEi{y—Q(pi—p)—?J}—QYEi{y—Q(p@-—p)—ﬂ—

| =

[y — o(pi— p) + 0 — ps— G — (’u_f—ﬁ)]},
which yields

OBy~ olpi )+ i~ 5~ (@~} = (o~ DEAy — olpi— 1) ~ 7}

Using —I?;i = Lgl in the non-stochastic steady state, we get

0e” PE; {lw —p; — (w0 —p)} = 0.

Using w — p = log[(0 — 1)/p|, we find that the log-linear version of equation (39)
1s:
pi = Ei(w) +log[l + 1/(0 — 1)].

In order to find w, we use the household’s optimality conditions and equation

(3)
W N7

P Zy—¢’

which yields in log-linear terms:
w=p+nn+ oy — z.

12



Using the log-linear approximations y = fol y;di, and n = fol n;di, we get n =y as

y; = n;, which implies that the individual price is set as follows:

pi = Ei(p) + (n+ o) Ei(y) — Ei(2),

where we discard constant terms.

Finally, replacing y with ¢ — p, we obtain the price-setting equation (6).

B.2 The Welfare Approximation

The efficient level of output is defined as the one that emerges under a social
planner in the symmetric equilibrium, where P, = P, W = P and Y; = Y for all 4.
In that case, the marginal rate of substitution between labour and consumption is

equal to the marginal product of labour. With N =Y, this gives

yotn — 7
that in logs becomes
1
y=—2. 40
par (40)
Efficient output is therefore y* = §z. Besides, (40) should be valid in the steady
state as well so §J = #nz

Using the full employment condition and the production function for each in-

dividual good i, we can rewrite the utility function as

1 L.
(1-¢)y o evidi
wWY,N,Z) =5 _ e_ZM. (41)
1—¢ 1+n

1+n

Note that y; = y + y; — y. The second-order approximation of the utility function

is then

uw(Y,N,Z) =~ (=0 (y + l%qﬁyQ)
et <y + 50+ fo (i = y)di+ [y (i —y)?di — zy — = [o (yi — y)dz>
+t.i.p.,,
(42)

and includes the

Y

where t.i.p. stands for “terms that are independent of policy’

terms that are completely exogenous, like productivity.
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Defining the cross sectional mean as E;(y;) = fol y;di, the cross sectional vari-
ance as Var;(y; —y) = fol (y; — y)?di, and taking into account that (1 — ¢)y =
(14 n)y — z, Equation (42) becomes

w(Y,N, Z) ~ 19 (—%ﬁyz — [Ei(yi) —y] = Vari(yi —y) + zy + 2Var;(y; — y)) +t.i.p.,,
(43)
Using the second-order approximation of the consumption bundle
_ -1
y = Ei(y:) + Var;(y; — y) (44)
we can rewrite the approximation in (43) as
; 1
w(Y,N,Z) ~ —el=9)0 (%bgf — 2y — 2—Vari(yi —y) — 2Var;(y; — y)) + t.i.p.,
1%
2
~ (-5 [ 1+ ¢ [ 1 ] 1 174 174 ;
~ —e — |y ———z| — —Vari(yi —y) —zVar(y;, — +t.0.p.
(2 YT % (v — ) (v — ) p

Given that § = 1/(¢ +n) and x = 1 — (n + ¢), this becomes

1—g)gll + o

uw(Y,N, Z) ~ —e! 5

2 1 .
y—0z|" — ——Var;(y; —y) — 20zVar;(y; —y) | +t.i.p.,
(1= 051 = S Vantn - ) (v~ )
(45)
Dropping the proportionality factor and substituting in the second term the full

information production y* = §z, gives:

~Bu(Y,N,Z) ~ Ely—y")’+ ;oo Variy —y) +tip.

~ Var(y —y*) + ﬁvari(yi —y) +tip.,

(46)

Finally, note that, by defining p* = ¢ — dz and by using the aggregate demand
equation (7), we get y —y* = —(p — p*). Besides, the individual demand equation
(9) yields y; —y = —o(pi — p), so (46) rewrites as
Y
(1—x)
Then simply define & = p/(1 — x) to obtain the central bank loss function (11).

—Eu(Y,N,Z) =~ Var(p—p*) +

Var;(p; —p) + t.i.p.

B.3 Proof of Lemma 1

We first solve for the equilibrium pricing equation, given our guess of the endoge-
nous signal: Z = z + k~'v, then characterize x, and finally study existence and

unicity of the solution.
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Solving the pricing equation Replacing the monetary policy rule (12) in the
price-setting equation (6), we obtain
pi = XxEi(p)+ (1 —x)E[(B—0)z+ V]
= xEilp) + (L = x)Ei[(B — 6 — k)2 + k7]
We make the following guess: p; = az; + @z. This yields p = az + az. Taking

(47)

expectations of p and z and replacing in (47), we get

pi = Xy F(1=x)(B—0—r)y 2
+ X[o@—l—d] —|—(1—X)[(ﬁ—§—/<o)7—l—ﬁ] z
After identifying the coefficients and re-arranging we find

1=x)(B—-0—K)y

I —xv I —xv

(48)

Characterization Firms observe the adjusted demand § =y + op = ¢ + (0 —
p=pz4+v+(0o—1)p=rZ+(8—kK)z+ (0 — 1)p. Using our guess-and-verify
solution for p;, we infer that p = az + @z and then replace in g, so we can write
g=[k+(e—1)alz+[f— K+ (0—1)a]z.

y depends linearly on z and v. For our guess to be true, we need that y = fz

for some constant f. Identifying the coefficients, we get
f—rk+(o—1a=0

replacing « using (48) and rearranging, we get (20).

Existence and unicity Equation (20) can be rewritten as X (k) = § with
(0= DA —x)o?
0.2+ K202 + o1 = x)o?

X is continuous on R with values between —oo and 400, so a solution () to (20)

X(k)=kr+

(49)

exists.
Suppose § < 0. According to (56), k < X (k) as 0 > 0, so necessarily a solution
k(B) < < 0. For the solution to be unique, it is then sufficient that X is strictly

increasing for all kK < 0. X is continuously differentiable with

/ _ 2/{(971)(17900';20';26
X (/i) - 1 - [U;2+K/20;2+Q(17X)0';2]2

This is positive if kK < 0, as § > 0. So X is strictly increasing in k for k € R—.
Therefore, for f < 0, the solution x(8) of X (k) = [ is unique.
When 5 > 0, there could be multiple solutions.
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B.4 Proof of Equations (24)
Note that we can write p* = (8 — )z +v = (f — § — k)z + kZ. Then combining
with p = az + &2, where « and & are defined by (48), we obtain
p—p = (1 =7 = A)z = KV
Using the above expression for p;, we can also write

i p— (1—X1)(5—5—’i)7€i
— X

Finally, note that
Ez— 2 = —(1—v—9)z+3s"v
Ez—FEz = YE;

and that § — 6 — k = A — §, which yields (24).

B.5 Proof of Lemma 2
We first write more explicitly the loss function:

[ 520+ P(B) + (1 - x)*0c*

5 (50)
(0724 P(B) + o(1 — x)o 2]

where P(8) = r(8)*[3%0¢ + 02]~". This expression is obtained by replacing the
output gap and the individual deviations using (24), then replacing x using (20),
and finally by replacing v, ¥ and x by their expressions.
We then replace ® = p/(1 — x) and obtain
52

L T PE el =0 o

L depends on  only through the precision P(f3). L decreases monotonously with
the precision P(f). Therefore, the level of § that maximizes the precision also

minimizes L.

B.6 Proof of Proposition 1

Take the log of P(f) to obtain log(P(5)) = 2log(k(f)) — log(8%07 4 7). The

precision has a component due to the sensitivity of the signal (first part) and a
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component due to the policy-induced noise (second part). The optimal § is then
defined by:

dlog(P) 2 BE(B) B*a? 0
9B P(5) k() B2of + o}
Elasticity of & to 8 Share of policy-induced noise in demand disturbance
(52)

The equilibrium S therefore equalizes the elasticity of x to 8 to the share of policy-
induced noise in the endogenous signal’s noise.

We can show that at the optimum, the elasticity is equal to the share of policy
in the signal sensitivity §/k. To establish this result on the elasticity, suppose
there exists 5* such that 0log(P)(5*)/08 = 0. This implies that x'(5*) = 1, since,
according to (20) and (21),

(0 — 1)1 —x)d(02)"'P(B)0log(P)/0p
0724+ P(B)+ o(1 — X)UE—?]Z

Therefore, Sr'(5)/k(S) = /K at the optimum.
Replacing in dlog(P)/J and rearranging, we find that 5* must satisfy

A (B)*0¢

A7) T (B Pt + ot
which characterizes 8* uniquely. This equation can be rewritten using k = § + A
to obtain Equation (25).

K(B) =1+

B.7 The simple model as a limit case

In this paragraph we prove that the simple model with endogenous information
and rational firms presented in section 3.1 of the paper can be interpreted as a
limit case of the full model where y =0, o = 1, 0¢ — 0 and o, — 0. To do so, we
consider the general solution of the full model, and apply x =0, 0 — 1, 0¢ — 0,
o, — 0 and g8 # 0.

First, consider the solution for A as expressed in Equation (21). For x = 0, we

~ (o—=1)vo
A= 1+ (o— 1)y

have
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Since 0 <~ <1 and p > 1, A is bounded:

which implies that A — 0 as ¢ — 1. As a result, according to Equation (20),
Kk — B.

Now, consider the endogenous demand signal defined in Equation (10) as g =
q + (0 — 1)p. Using the guess made in Appendix B.3, p = az + &2, we substitute
our new parameter values, y = 0 and p — 1, in the solutions of o and &, as shown
in Equation (48). As a result, « — —dy and & —  — 7. Using Equation (22),
we can show that, if 3 # 0, Z — 87 'q. Consequently, p — —dvz + (1 — 7167)q
and y — ¢, which is exactly the value of the demand signal in our simple model.

Consider the normalized demand signal zZ, which, as we have shown, con-
verges to S~ 'q. Note that aggregate nominal demand can be written as ¢ =
Bz + Boe(§)oe) + ou(v/0oy), with (§/o¢) ~ N(0,1) and (v/o,) ~ N(0,1). As a
consequence, ¢ — 3z when o — 0 and o, — 0, so that Z — z.

Now, consider the limits of the conditional expectations on z. Using Equation
(19), Fi(z) = E(als) = Elals, 2) = vz + 35, with 4 = 0-2/[02% + 072 + P),
Y= P/lo*4+0?4+P], and P = w*(0; +3%07)"". As o = 1, P — B*(07+ (%0F) .
When, additionally, c¢ — 0 and o, — 0, P — 400, provided  # 0. As a result,
v— 0,5 — 1, and E;(z) — Z, so that E;(z) — z.

According to Equation (23), the conditional expectation of ¢ is E;(q) = E(q|2i,7) =
q + NE(2|2,2) — z]. Since both A and E(z|z;, Z) — z converge to 0, we get that
Ei(q) = q.

Finally, as x = 0, Equation (13) holds, so that p; — p*, as E;(z) — z and
Ei(q) — q. The solution of the full model therefore converges to the one of the
simple model when y =0, 0 =+ 1, ¢ = 0, 0, = 0 and 8 # 0. The simple model

can thus be interpreted as a limit case of the full model.

B.8 Solution for A,

Lemma 1 For a given policy parameter 3, . is characterized in equilibrium by

_ (=1 =Xx)ed
L+ [o(1 = x) = v’

(53)

C

with v, = 0.2 /(0% + 0% + P.), where P, is the combined precision of 2 and z.
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As for Lemma 1, we first solve for the equilibrium pricing equation, given our
guess of the endogenous signal: z = z — A7'v, then characterize )., and finally

study existence and unicity of the solution.

Solving the pricing equation The price-setting equation (47) can be re-written
as

pi = XxEi(p) + (1= x)Ei[(Ae = 0)z + B2 — 2] (54)
We make the following guess: p; = az;+az+a®z?. This yields p = az+az+a®z®

Taking expectations of p and z and replacing in (54), we get

pi = xary +(1=x)(Ae = 0)y %
+ {x[ov+a]  +a-0[e-07-A] 2
+ x|+ ad’} +H1 = x)|(Ae = O + B} 2%

where v, ¥ and v are the Bayesian weights associated to z;, Z and 2 respectively,
so that E;(2) = vyz; + 72 +v%z. After identifying the coefficients and re-arranging
we find
1—x)(Ae—0 Ae —0)7
o= L= )Y P Ut )l L e—an?
L=xv L—=xv L=xv

Characterization Firms observe the demand index: § = ¢+ (0 — 1)p = 82 +

byt § can be a

v+ (0—1)(az+ az +a®z?®), where we have used p = az + ay+ «
function of 2 and z only. Therefore, the term v + (9 — 1)az must be proportional
toz=2—\"lu.

Identifying the coefficients, we get
A=—(o— o

using the solution for « given by (55), this yields (53).

Existence and unicity Equation (53) can be rewritten as z(A.) = A, with
—1)(1 - ~25
)= ==
224+ X202+ (1 — x)o 2
x is strictly positive so A, cannot be negative. On R+, z is continuously decreasing
with bounded values in (0,A], A = (¢ — 1)(1 — x)o=25/[07% + o(1 — x)o?], s0 a

unique solution A, to (53) exists.

(56)
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B.9 Proof of Equations (26)

Since we can write p* = (8 — )z + v = 2% + (A, — 0)z — A.Z, we have

. Ae — 0 _ c - ¢
p—p = (1 N1 5= e = )2 = 30— ]
— XYe
Using the above expression for p;, we can also write
000
7 1 . X’yc Cc*-1
Finally, note that
EZ—Z == (1 —’Yc—%—ng)Z—%)\ZlU—ngf

Epz—Ez = e
which yields (26).

B.10 Proof of Proposition 2

Here we prove that the precision under communication is strictly larger than in
the absence of communication, except when § = %, in which case they are equal.
Suppose P(f*) = P.. This would imply:
K(B)* (o) + (B7)0) ™" = Mo, * + o (57)
Besides, according to (21) and (53), it would imply that:
Ae = A(BY)
Using the characterization of f* given by Equations (B.6) and (25), we know that
* _ *0-12)+(/8*)2U§
R<6*) - ﬁﬁ*ogﬂ*)zog
)‘(ﬁ ) = (5*)21:%

Replacing A, and « in (57), then replacing A, we get

Gl N ] N 0 T B
(CRE — % T %
[Ug+(5*)202] [a%+(,3*)202]7 . 0'30'1,_2 + (6*)205
(5°)707 — B T ()%l
[r2+(87)%02] _ [Rred]
(B)20f - (8%)%0¢

which is always true.
Therefore, P(8*) = P.. Since P(5*) > P(p) for all g # g*, then P(S) < P. for

all B £ 3%,
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B.11 Weight of 2z in the pricing equation

We consider the case when § = *. Note that in that case k. = Kk, A\c = A, 7. =7
and Z. = Z. We therefore discard in what follows the subscript c.

byt where «,

Consider now the optimal pricing equation p; = az; + @z + «
a,a®, are defined in (55). We now show that az + a®z?® = &z, where a is given

by (48).
We begin by writing

~3 cb b __ (A=8)(F+")
az+a®z® = K+ 17—177} 2
_ A=0)7| y—1
A+ [ ] AT
_ A=8)7
= B+ 820
From Equation (21) in Proposition 1, we have at the optimum
-\ B '_Y
5 ,-ycb
Hence
g —A g
Replacing § and —\ using these expressions and rearranging, we obtain:
az +a®z? = [Ii + —(’\7?7(?;7&) [z + r (v + BE)]
= az

This means that, once we use the endogenous signal Z, the weight of 2 in the

optimal pricing equation is zero.

B.12 Solving the model with a price target

Here we sketch the proofs, as they follow the same steps as for the baseline case. We
first solve for the equilibrium pricing equation, given our guess of the endogenous
signal: 2, =z + kK, Yy, with v, = 8,§, + v, then characterize k,. Finally, we solve

for the optimal f,.

Solving the pricing equation The price-setting equation (47) can be re-written
as
pi = xEi(p) + (1 = X)Eilkpz, — Byp — Kpz — 62] (58)
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We make the following guess: p; = az; + &,%,. This yields p = az + &,,Z,. Taking
expectations of p and z and replacing in (58), then after some calculations, we can

identify the coefficients and obtain after rearranging:

—(1 = x)(xp + )y ~ Kp (K5p +0)7

T A+ B) I — v+ (1 — )5, (%:1+BJYPH%D—XV+&§XW@]

Characterization of x, Firms observe the demand index: § =¢+ (0 —1)p =
(=Bp+0—1)p+ kpk, 'v,. Using our guess-and-verify solution for p;, we obtain p
and then replace in y, which yields:

g=(—Bp+o—1)(az+a,z,) + /ip/fglyp

y depends linearly on z, v and Z,. For our guess to be true, we need that g —

(=Bp+ 0 —1)a,z, = fz for some constant f. Identifying the coefficients, we get
(=Bp+o0—1)a=r,

Replacing « and rearranging, we obtain

o = —1=x)e—1-Fo
T T4ae(l - x) -1

which yields (28).

Optimal 3, Our proof follows the lines of the proof of lemma 2 and Proposition
1. The steps are very similar because the optimal 3, maximizes the precision of
Zp, Py(By) = K2|BroZ + 077", which is of the same form as P.
We first determine the price gaps. Since we can write p = az + &,Z, and
P* = KpZp — Bpp — (Kp +0)z = (Kp — Bpty) 2y — (Kp + Bpa + 0)z, we get
. Kp 40
Cl-xy+ (1 =x)8
Using the above expression for p;, we can also write
—(1 =)k, +9)
T+ (1 —x8
We can then write more explicitly the loss function:
_ 520+ B(B) + (1 — x)*0c”
(022 + Py(5,) + o(1 = x)o %)
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This expression is obtained by replacing the above price gap and the individual
deviations in the loss function, then replacing r, using (28), and finally by replacing
~ and ¥ and by their expressions.

The expression for the loss function is exactly identical to (50), suggesting that,

as in the baseline, the optimal 3, maximizes the precision of the endogenous signal

P,
As P, has the same expression as P, the optimal 3,, denoted 3}, must satisfy
the same optimality condition (52). However, now the expression for «,, (28), is

different from (20), yielding
(1=,
L+ 7[e(1 =x) —1]

where we use the fact that dlog(P,)(5,)/05, = 0 for 8, = By
Replacing in dlog(P)/0f and rearranging, we find that 3F must satisfy Equa-

By)

tion (29), which characterizes 3 uniquely.

B.13 Solving the dynamic model

Combining the expression for nominal demand (33) along with the endogenous
signal § = g+ (0 — 1)p, we determine that the endogenous signal can be written

as follows

U = %(ﬂzt + 1) + (Q— %) Dt

rescaling y, we get
U = Bz + v + (do — 1)py

oy, is exactly of the same form as g in the static case, except that ¢ has been

replaced with ¢o. The solutions and optimal policy are then adjusted accordingly.

B.14 Solving the model with mark-up shocks

We proceed as in the baseline case to derive the average price gap and the individual

deviations from the mean:

p-p* = —(A\,—5,) (1 +7X0) [ B (p) — P] + 0pp
pi—p = —(N—0,) [1—(1—7)X, [Ez(p) - E(,Oﬂ
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where X, = x/(1 — x7,), 7, and 7, are defined as in (?7), E;(p) follows (19) and
E(p) = [ Ei(p)di. A, is

—(o—1)(1 —x)o
1+ [o(1 = x) = v
and k, = B, + A,.
To determine optimal policy, we proceed as for the proof of Lemma 2 and write

more explicitly the loss function:

[Po(B,) + 0(1 — )05 °10% + Py(B,) + ®(1 — x)%0,;2
(052 + P,(8,) + p(1 — x)o5?]”

2
L=, (63)
where P,(8,) = £,(8,)*(c7 + B30 )~"'. This expression is obtained by replacing
the output gap and the individual deviations using (61), then replacing A, using
(62) and finally by replacing v,, 7, and X, by their expressions.

Replacing ¢ = o/(1 — x), we obtain

L = 52 [Pp(ﬁp)+Q(1—X)0;2]20g+Pp(Bﬂ)+Q(1—X)U;2
g (0724 Po(Bp)+o(1-x)052]

—2 —2
_ 62 2P 1 — —21 _0p +Pp(Bp)+o(1-x)0w 64
LB B) + ol — o T, ()

= 5202 __Po(Bp)te(i=x)oy”

PTP o, +Pp(Bp)+o(1—X)0n”

L depends on f, only through the precision P,(,). L increases monotonously
with the precision P,(83,). Therefore, the level of 3, that minimizes the precision
also minimizes L. That level is such that x, = 0, which implies 8, = —\,. This

yields expression (38)

C Additional results

C.1 More on the role of parameters

In this exercise we investigate further the range of parameters where the signalling
channel dominates, with a focus on the endogenous signal’s precision. Figure 6
shows the parameter spaces where £* is positive (dominant surprise channel) and
negative (dominant signalling channel).

As stressed in the paper, it appears that the optimal (5 is typically positive for

large values of o, and typically negative for small values, for given o¢, o,, o or
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Figure 6: The role of parameters for the sign of 5*
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Note: As default values, we set o =7, ¢ +n = 0.5, which yields 6 = 2 and y = 0.5.
We set 0, = 0, = 0. = 0.1 and 0¢ = 0.2

p. The threshold o, above which §* turns positive goes to zero only in limit case
(when p or o, go to zero). By looking at this threshold, we can determine how the
parameters affect the relative strength of the signalling and surprise channels.

The threshold o,, above which 8* turns positive, is increasing in o¢, as shown
in panel a). As o¢ gets larger, 5* can turn from positive (dominant surprise
channel) to negative (dominant signalling channel) for a given o,. Because firms
have private information on z and can put in perspective their demand signal with
their information on z, a relatively less well informed central bank will tend to
rely more on the signalling channel, rather than use the surprise channel. The
signalling channel dominates for larger values of o, when the central bank has
relatively poor information (o is large).

As shown in panel b), threshold o,, above which $* turns positive, is inde-
pendent of o,. Monetary shocks do not affect the relative strength of the two
channels.

Panel c¢) d) show respectively the role of o, and p. Both a higher p and a

lower o, (a larger v) make the demand signal a better “natural” signal of z (see
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Lemma 1 in the paper), limiting the need for both a signalling policy and a price-
stabilizing policy. So it is not clear how changing these parameters should affect
the relative importance of the signalling and the surprise channels. The simulations
show that the signalling channel dominates for larger values of o, when o, is at an

intermediate level, and when p is large.

C.2 The role of endogenous attention

Rational inattention models consider contexts where o, is endogenous, because
attention is costly. It is likely that, with endogenous attention, a price-stabilizing
policy would reduce the benefits of attention, thus bringing o, to infinity, while a
signalling policy would increase the benefits of attention, thus bringing o, to zero
as it relies on volatile prices. It is then legitimate to ask whether price stabilization
would not maximize welfare by limiting the need for firms to acquire information
and hence minimizing the attention costs. This would potentially rehabilitate the
surprise channel. This question is beyond the scope of the paper, but Figure 7 can
help us get a sense of how this assumption could modify our results. It shows the
loss function with the optimal policy (8 = £*), as a function of o, for different
values of o¢. As shown earlier, low o, correspond to a negative 5* and volatile
prices, while high o, correspond to a negative * and stable prices.

Note that the loss function is larger for intermediate o,, where neither the
signalling channel nor the surprise channel is really effective. But the loss function
is minimized when o, goes to zero, that is, when the signalling channel is at its best.
As 0, goes to infinity, the loss function declines as compared to intermediate values,
but remains above its minimum. When the surprise channel is at its best, it does
not dominate the signalling channel at its best. This is because the central bank has
imperfect information, so it cannot achieve the first-best with the surprise policy.
In this context, the optimum is reached when firms have a better information
and the central bank exploits their attention to demand by transmitting its own
information.

However, Figure 7 does not take into account the costs of attention. If attention
to demand is very costly, then a higher welfare would be reached with a price-
stabilizing policy. But if attention is not too costly, then the signalling policy

would still be optimal.
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Figure 7: Attention to demand, central bank information and the loss function
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Note: We set o = 7, ¢ +n = 0.5, which yields 6 = 2 and y = 0.5. We set

o, =0, =0.=0.1.
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