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Sumario Nao Técnico

Neste trabalho, consideramos um modelo em que o banco central possui uma
informagdo imprecisa de crescimento da demanda agregada nominal - uma varidvel
importante para avaliar o grau de aquecimento da economia. Com base nessa informacao,
ele define a taxa de juros. Como as empresas precisam inferir a demanda agregada
nominal para definir seus precos e ndo conhecem a informag¢do que o banco central possuli,
quando observam um aumento da taxa de juros, elas consideram dois movimentos
opostos: (i) o banco central espera que a demanda agregada nominal aumente e (ii) a
demanda nominal agregada retraird diante do aperto da politica monetaria. Chamamos o
primeiro efeito de poder informacional da taxa de juros, uma vez que revela a visdo da
autoridade monetdria. Para isolar esse efeito sobre os precos e, por conseqiiéncia, sobre a
inflacdo, construimos um contrafactual onde as empresas desconsideram o fato de que a
autoridade monetéria revela informacdo quando escolhe a taxa de juros. Também
obtemos os pardmetros 6timos da regra do de juros (em relacdo a trés diferentes critérios
de eficiéncia), considerando que o banco central sabe que as empresas retiram

informacdes de suas acoes.



Non-technical Summary

In this paper, we consider a model where the central bank has a noisy information
of aggregate demand growth — an important variable to evaluate how overheated the
economy is. Based on this information, it sets the interest rate. As firms needs to infer
aggregate demand to set their prices and they do not observe the information central bank
has, when they observe an interest rate rise, they consider two opposite movements: (i)
the central bank expects aggregate demand to rise and (ii) aggregate demand will depress
by the influence of the policy instrument. We name the first effect as the informational
power of interest rate as it reveals the views of the monetary authority. To isolate this
effect on prices, and by consequence, on inflation, we build a counterfactual considering
that firms disregard the fact that the monetary authority reveals information when it
chooses the policy instrument. We also obtain the optimal parameters of the policy
instrument rule (regarding three different efficiency criteria), considering that the central

bank knows that firms take information from its actions.
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Abstract

We use a sticky-dispersed information model to analyze how price setting changes
when the interest rate is understood as a public signal that informs the view of the
monetary authority on the current state of the economy. Firms use information to
infer one another’s prices, as they face strategic complemetarity on pricing decision.
We build a counterfactual to isolate the informational effect of the interest rate and
study its influence on inflation dynamics. We also obtain the optimal parameters of
the policy instrument (regarding three different efficiency criteria), considering that
the central bank knows that firms take information from its actions.
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1 Introduction

Any public policy may be understood as a public signal of the current state of the economy
as it informs the views of the governmental authority to all agents. This paper considers
the case where the interest rate is informative about aggregate nominal demand - the
fundamental of our economy - to enlighten two main issues: (i) how this informational
effect changes price setting and, by consequence, inflation dynamics and (ii) what would
be an optimal informational interest rate rule.

We consider a model where the central bank has a noisy signal of aggregate nominal
demand growth. Based on this information, it sets the interest rate, which affects the
dynamics of the fundamental. As firms needs to infer aggregate nominal demand to set
their prices and they do not observe the information central bank has, when they observe
an interest rate rise, they consider two opposite movements: (i) aggregate nominal demand
is expected to rise; and (ii) aggregate nominal demand will depress by the influence of the
policy instrument. We name the first effect as the informational power of the interest rate
as it reveals the views of the monetary authority.

To evaluate this effect on prices, and by consequence, on inflation, we study price setting
in a model where firms have heterogeneous information and face strategic complementarity
on their actions. In this environment, firms choose prices knowing that their payoffs depend
not only on their own actions, but also on the prices the other firms choose. Firms try to
predict one another’s actions using the information they have. We assume that information
is both sticky (as in Mankiw and Reis (2002), each period only a fraction of the firms
updates their information sets) and dispersed (as in Morris and Shin (2002), firms receive
private signals of the fundamental when they update). Furthermore, the policy instrument
becomes a public signal since it is observable to all firms, including those that have not
been selected to update the information set.

We isolate the informational power of the interest rate by studying how (equilibrium)
price setting changes when firms ignore the fact that the monetary authority reveals in-
formation when it chooses the policy instrument. This strategy allows us to measure the
influence of informational power of interest rate on welfare, evaluated by three different
measures - inflation variance, ex-ante total profit and cross-sectional dispersion. Besides,
it is possible to find an optimal informational interest rate rule, which is characterized by

the parameters of the policy instrument that maximizes welfare, considering that central



bank knows that firms will take information from its actions.!

The main consequence to inflation dynamics regards the persistence of monetary shocks.
Without the informational effect, firms would understand changes in the policy instrument
as isolated movements, instead of a response to changes in the fundamental. Under this
short sight, the interest rate affects inflation only instantaneously. In contrast, when the
interest rate is understood as a public signal of the fundamental, the whole realization of
the interest rate affects inflation, making the monetary shock persistent.

We also show that there is an optimal informational interest rule that simultaneously
maximizes all three welfare criteria. To implement this rule, central bank should avoid
adding any monetary shock to the policy instrument, while should use the level of infor-
mational response that minimizes inflation variance, one of our welfare measures.

We introduce our basic model in the next section. In Section 3 we give the basic steps
we use to compute the equilibrium, considering that its derivation is analogous to the
one described in our companion paper, Areosa et al. (2010). In Section 4, we define the
informational effect and build a counterfactual in order to isolate it. We also present some
analyses based on how price setting changes when the informational effect is considered.
The core of the paper is Section 5, where we use three different welfare criteria to measure
the informational effect and analyze its quantitative implications. We provide concluding

remarks in Section 6 and proofs omitted in the main text in the Appendix.

2 The Model

Pricing Decisions There is a continuum of firms indexed by z € [0, 1]. Every period
t € {1,2,...}, each firm z chooses a price p; (z). We can derive from a model of monopolistic
competition & la Blanchard and Kiyotaki (1987) that the (log-linear) price decision that

solves a firm’s profit maximization problem, pj, is given by

pp =rPi+(1-7)0 (1)

where P, = folpt (z) dz is the aggregate price level of the economy and ; € R is a relevant
fundamental. In our framework, we can interpret 6; as being the current state of aggregate

nominal demand of our economy.

'Our terminology optimal informational interest rate rule should not be misunderstood. By this ex-
pression, we do not mean finding which variables the monetary authority should look to when it wants to
minimize a welfare criterion. For this approach, see Woodford (2003).



Fundamental Dynamics In this paper, we consider the case where the dynamics
of 6; are partially driven by a policy instrument, the interest rate i;, that responds to the

noisy information central bank has about changes in the state, y;. That is

0 = 01— 0t + &, (2)
it = oy + (3)
Yy = (0c—0i-1) + 1y, (4)

where the errors are independent of one another - &; L 7,4 L i,V (¢, k,m) - and
distributed according to e, ~ N (0, a‘l), e~ N (O,'y_l), and vy ~ N (0, ;fl). The noise
term ¢; may represent demand shock affecting the current state of the economy, while the
noise v; is a policy disturbance as, for example, a monetary policy shock. Finally, the shock
n; reflects that central banks’ information about the state is also imprecise. As a result,

we can interpret 1y as the expected value of aggregate nominal demand growth.

Information As in Mankiw and Reis (2002), information is sticky. Every period
only a fraction A € (0,1) of firms receives new information about the fundamental. The
probability of being selected to adjust information is the same across firms and independent
of history. However, as in Areosa et al. (2010, 2020), we depart from this standard sticky-
information structure, by allowing information to be also dispersed. As before, following
Morris and Shin (2002) and Angeletos and Pavan (2007), we assume that, when a firm
updates its information set, it receives not only information regarding the past states of

the economy,

Or = {0r—r}p2y (5)

but also a private signal about the current state,

e (2) =0 + & (2) - (6)

As before, we assume that &, (z) ~ N (0, [3_1) is independent of all other errors. Further-
more, for each firm z, £ (2) is a idiosyncratic shock, that is, & (21) L&y (22), V (¢, k, 21, 22).

We can combine equations (3) and (4) to show that the interest rate is a public signal
of the fundamental’s change, which is available to all firms, including those who have not
been selected to update their information sets.

As a result, the information set of a firm z that was selected to update its information



J periods ago is
St (2) = {15 (2),©1—j-1, It} ,

where I; = {it—k}z‘;o- The introduction of a public signal on a sticky-dispersed information
model has already been studied at Areosa et al. (2010). Nevertheless, now the public signal
is a policy instrument that also interferes on the dynamics of the fundamental. This fact

changes how firms compute the equilibrium.

3 Equilibrium

In equilibrium, a firm z that updated its information set at period ¢ — j chooses

pe(2) = Elpy [ Sej ()] (7)

From (1), it is clear that firm z will have to predict not only the current state 6;, but
also the aggregate price level P;. As P; encompasses the prices set by other firms, firm
z must also predict the behavior of the other firms in the economy by forecasting other
firms’ forecasts about the state, forecasting the forecasts of other firms’ forecasts about the
state, and so on and so forth. This explanation highlights the importance of computing
order beliefs to find the equilibrium. However, because of the linearity of the best-response
condition (1) and the Gaussian specification of the information structure, the equilibrium
prices are linear combinations of the observed signals. As a result, it is possible to obtain
the unique linear equilibrium of this game using the much simpler approach of matching

coefficient. In our companion papers, Areosa et al. (2010, 2020), we use both methods.

Reduced Form In order to derive the equilibrium exactly in the same way as we did

in Areosa et al. (2010), we rewrite this model as

0y = 011+, (8)
iy = @0y —0i_1) + ey, 9)
where 5
_ g — ode
e =n+¢ to, and wy = ﬁ. (10)



The term u; aggregates the policy shocks, while the noise e; encompasses all the shocks
affecting the state. As e; is independent of e;, we obtain that e, ~ N (O,wfl), and
u ~ N (O, go_l) where

2

wl =414 ((Z)2,u)_1 and ¢ != (1 —1—10¢> [oz_l + (0¢)? w_l} . (11)
Although rewriting our information structure as (8) and (9) makes our model similar to
the one studied at Areosa et al. (2010), there are important differences to consider. First,
we can analyze the impact of the policy parameter ¢, while in Areosa et al. (2010) we
fix ¢ = 1. However, the main difference between them lies on the fact that u; is not
independent of e;. Although this fact is not surprising, since it captures the endogeneity
of the variables, it affects the way firms compute their beliefs about the fundamental and,

consequently, alters the equilibrium.

Expectations It is important to understand how a firm z that updated its informa-
tion set at t — j computes its beliefs about a fundamental 0;_,,. Since at the moment it
adjusts its information set the firm observes all previous states, ©;_;_1, the firm will know
for sure the value of 6;_,, when m > j. Therefore, E [0;_p, | St—; (2)] = O¢—p,. For m < j,

0 is not in the information set of firm z. However, it knows that
Orm = Or—j1 + S0, .
Since 0¢—j_1 € S¢—j (2), it computes E [0, | S¢—; ()] as
E 0 | Simj (2)] = Ormjr + X0 Elui | S (2)].

As the process is Markovian, past values of # do not help to predict u;_;. Therefore, the

only signals of u;—; the firm can build from J;_; (2) are

¢ Viggp = w—p +er—p, and

we—j (2) = Or—j—1 = w—; + ft—j (2).

Wtk

ti—j (2)

10



But, u;—; is independent of w;_, Vk # i, and of t;_; (2), if i # j. Therefore,?

Ebr-m | Sej(2)] = Oijor+EBluj | wejitej (2)]+ 3020 Elur—s | wi-i]
= (1= 8) g+ 800y + S+ R I i, (12)
where 5
. o+ w . 1 ({w—ao
5_<04+w—|—5> and K=¢ (Oz—{—w ) (13)

The first three components present in the expectation represent E [0;_; | 3;—; (2)] and can

be expressed as a convex combination of private and public information. That is,
Ht_j ‘ Tt—j (Z) s Tt—j, St—j ™~ N ((a + 5 + ")/)_1 [ﬁSUt_j (Z) + Wre—j + OéSt_j] s (Oé + 6 + w)_l) s

where ry_; = 04_j_1 —o0t4—j = 04_; —e4—j, and s5;_; = ¢*1it_j +0i1 = 0i_; +e4—j are
two signals of the fundamental §;_;. As the errors associated with each of these signals are
independent of one another, the weights represent the relative precision associated with
each of these signals. This standard result is present in the models of Morris and Shin
(2002) and Angeletos and Pavan (2007). The last term shows how to build expectations
for 04 ,,, when m < j. The weight k captures the importance of u;_, on the signal
Wi = Uk +€¢_k. It is worth noting that k is affected by the public and policy precisions,
a and w, as well as the policy and structural parameters, ¢ and 0. However, as z;—; (2)
is not informative about u;_;, when ¢ < j, k does not depend on the precision of private
information, 8. In summary, a firm z that last updated its information set j periods ago

has the following forecasts about the state 6;_,, of the economy

R N . =1
1= )ty (2)+ 8601 s 1+ ki + 7S iy cm<j
Bl | Sy (] = (7O B g ORI R eSS T gy

Oi—m tm > 7,
which are used to compute the linear equilibrium of the model.
Linear Equilibrium In Areosa et al. (2010), we use an expression analogous to (14)

to derive the unique linear equilibrium of the game. The expression for the equilibrium

price index is b =P (5 , /%) where

2See Appendix A for details.
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P (4,K) = Z;O:O cpbi_i + 220:0 dpt_p. (15)

and the coefficients (cy, di) are functions of (d, k) given by?

p(6) = 1-X(1-46), 16)
(55 =t — 1] if k=0
Ck (p (5)) = . . . (17)
(17) 1,7,[17;(17”1@] - 17T[1ip(117)\)k_1] if k>1,
_ p(1=NF ]
dk(p((s)al‘&) = K 1—r+rp(1_)\)k_' (18)

Equation (15) shows that the price index (and, by consequence, inflation) depends
not only on the realizations of 6, but also on the realization of 7. The presence of the
policy instruments on prices is a not exactly new result. For instance, Ravenna and Walsh
(2006) studied the cost channel. A cost channel is present when firms have to finance their
productions, making marginal cost depending directly on the nominal rate of interest.
Nevertheless, not only this result comes from a different source, the informational power of
the interest rate, but it also has a much more permanent effect, since the whole realization
of ¢ appears on (15). Form (18), when stickiness is very high (A is small), this persistence

becomes more relevant.

4 Informational Effect

In other to measure the informational effect, it is important to obtain the dynamics of P;

when firms observe the interest rate but they do not see it as a public signal.

4.1 Counterfactual

If firms ignored that the interest rate is informative about the current state of the econ-
omy, the dynamics of P; would change because firms would modify the way they compute

E0i—m | Si—j (2)]. For m < j, a firm z that updated its information set at period ¢ — j

3The terminology (¢j,d;) is a notational abuse, since it does not refer to a pair of generic coeflicients,

but to a pair of sequences ({c;}72,, {dj};‘;o). However, we use it throughout the text.

12



will obtain E [0¢_y, | Si—; (2)] from
Orm=0ij—0 Zf;; it—i + ZZ;L Et—i-
Firm z has two signals of ¢;_;: a private signal

T (2) =05 +&_; (2),

and a public signal composed by past information about the fundamental and the policy

instrument

G =0t j1—01j =0 j—¢c4j.

If firms did not consider #;_; informative about &; g, Vk < j,

Elfim | S ()] = Elfj| Sty (2)] — 0 S0y, e
= (1 - 5) g (2) +0q — 0 30 i

1= 8) ry (2) + 8001 + By + R I h sy (19)

where

6= ar g and K= —o. (20)
It is clear that expression (19) is the same of (12), when we have w = 0 in (13). This
result has an easy interpretation: ignoring the informational power of the interest rate is
equivalent to saying that the interest rate is not informative about the current state of
the economy (i.e., the variance associated with the interest rate is infinity). From (19), we

obtain the expression for (the equilibrium) price index,
B =P (ES, m) , (21)

where P; is the function specified in (15).

Two main facts come straightforward from the comparison of (§,%) with (8,%): (i)
6 > 6 and (ii) & is negative, while & can be negative. The first observation tells us that
the private signal becomes less important when agents consider that the interest rate is
informative about the current state. That is, the informational power of the interest rate

makes public information more valuable (relative to private information) to agents. This

13



result resembles the one obtained in Morris and Shin (2002).

Using (18), the second observation shows that the interest rate have a positive impact
on prices when & > 0 (or equivalently, w > ao¢). Therefore, if the interest rate is very
informative about the current state of the economy (i.e., the precision of i, w, is sufficiently
high), an interest rate upturn is understood as a rise on the aggregate nominal demand,
inducing firms to raise their prices. In this context, the informational power of the interest
rate is more important than its capability of reducing aggregate nominal demand. This is
clear the case when o is small, since the policy instrument will have a small impact on the
aggregate demand.

The analysis for ¢ is not so obvious. We can used (11) to rewrite the condition & > 0
as I (¢) <0, where

F (¢) = (aop) ¢* — (wy) ¢ + yao. (22)

Because F (¢) is convex, when there is no real root for F (¢) (condition py < (2a0)?),
for no value of ¢ the interest rate will have a positive impact over prices. However, when
F (¢) has two real roots (yu > (2a0)?), we have & > 0 when ¢ € (r1,rs), where 71,79
are the roots of F (¢). As both roots are positive, ¢ should be small enough (¢ € (0,71))
or high enough (¢ € (r2,00)), if the monetary authority does no wants the informational
power of the interest rate to be dominant over its capability of reducing aggregate nominal
demand. When ¢ is high, the policy instrument becomes strong enough to overcome the
difficulty imposed by the informational power of the interest rate. When ¢ is small, the
policy instrument is just not informative about movements on aggregate nominal demand
(at the limit case, ¢ = 0, the policy instrument becomes a white noise, iy = v;). As a

consequence, firms pay no attention on the public signal.

4.2 Inflation Dynamics

In order to analyze the impact of the informational power of the interest rate on inflation,
we use the expressions for P, and P; to derive inflation dynamics and study how its response

to shocks is sensitive to the parameters of the model.
Inflation As P, and P, differ only by the coefficients (cg, di), we can express inflation

as Ty = my ((5 , /2;) and 7; = my ((5, /%), where 7; is written as a combination of independent

shocks given by

14



m(6,5) = P—P1=3720¢ (0 — 0i—j—1) + 3720 dj (i—j — ir—j-1)

= Do Cit—j+ 03 T dj (u—j +er—j — u—j—1 — €—j-1)

= <1 +1U¢) [Z}?io (¢j + dlj)er—j + ¢ 3272 (I; — o)) etfj] (23)

and the coefficients (cy, dj) are given by (17) and (18), while

l (5 ) do :H(l—CO) ,ifk:O
7l‘§/ -
F dp —dp_1 = —kKci , if k> 1.

Using this expression, we can analyze how inflation dynamics changes by the informa-

tional power of the interest rate.

Calibration The model’s structural parameters are r, A, a, 8, v, u, ¢, and o. Fol-
lowing Mankiw and Reis (2002), we use A = 0.25 and r = 0.9 as our baseline values (see
Table 1). The value A = 0.25 implies that firms adjust their private information once a
year, which is compatible with the most recent microeconomic evidence on price-setting.?
For the remaining parameters, we set « = f§ =y = p = 1 as our benchmark value to keep
the baseline calibration as neutral as possible regarding the relative importance of each
type of information.

To highlight how the informational power of the interest rate changes inflation dynam-
ics, we vary four parameters of the model. More specifically, we chose the parameters
associated with the precision w (i.e., 7, u, and ¢) and the primitive parameter o. The im-
portance of w to the informational effect is clear, since the parameters (#,0) and (&,0) differ
solely by whether w = 0 or not. Besides, precision w encompasses all policy dimensions,
including the precision of policy information -y, policy instrument shocks u, and the degree
to which policy responds systematically to information ¢. The importance of the primitive
parameter o comes from the fact that it represents the endogeneity of the variables. When
o = 0, the interest rate does not interfere on the dynamics of the fundamental, although

it continues to be a public signal of the fundamental growth.

*See, for example, Klenow and Malin (2009).
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Table 1: Baseline calibration

Parameter Description Range Benchmark

Value
T Degree of strategic complementarity [0, 1] 0.90
A Degree of informational stickiness [0, 1] 0.25
o Precision of the shock &4 Ry 1.00
I5] Precision of the private information Ry 1.00
v Precision of of the information available to central bank Ry 1.00
I Precision of monetary shock R4 1.00
¢ Central bank’s informational response coefficient R 1.00
o Elasticity of the fundamental with respect to the interest rate R 0.67

Impulse response We study inflation’s impulse responses to two types of shocks - &4
and e;. From (2), &; is a shock that has a direct impact on the aggregate nominal demand,
while, from (9), e; is a composite policy shock that affects the fundamental through i;.

Figure (1) shows how inflation’s responses to a demand shock e; changes with the
parameters of the model - ¢, o, v, and pu.

Some patterns appear in the four graphs. For all parameters, when firms consider that
the interest rate is informative about the state of the economy, the response is attenuated.
This result suggests that, when firms are better informed, price setting becomes more
sensible, as firms estimate better the magnitude of the shock. Furthermore, all four graphs
show the same pattern for the counterfactual: inflation drops hugely at ¢ = 0 and becomes
positive afterwards. The rationale behind this observation is simple: if firms do not consider
the interest rate informative about the current state, they infer that the interest rate rise
they observe will make inflation drop. This behavior is stronger at ¢ = 0, when no firm
has information about the state 6;, but gradually vanishes over time as firms get informed
about the state and correctly identify the occurrence of a positive shock on aggregate
demand. When firms consider the interest rate informative about the current state, we
do not observe a strong drop at ¢ = 0, since the informational power of the interest rate
makes firms correctly predict that the rise they observe at the interest rate can come from
a positive shock on aggregate nominal demand. For some set of parameters, inflation can
be even positive at t = 0.

It is also important to analyze the influence of each parameter separately. Considering

16
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Figure 1: Inflation’s impulse responses to a (unit) shock ;.

that firms take information from the interest rate, inflation increases less when: (i) central
bank responds more aggressively to the fundamental growth (higher values of ¢), (ii) the
precision of the information central bank has () is higher or (iii) the monetary shock has
smaller variance. However, changes in the elasticity of the fundamental with respect to
the interest rate (o) modify inflation’s impulse response only at ¢ = 0. We can derive this
result analytically: using the definition of [; and the constant & in equation (23), we see
that both ¢; + ¢l; and [; — oc; do not depend on o, Vj > 1.

When we analyze the counterfactual, we see that it does not move with any of these
parameters when ¢ > 1. Although not plotted in Figure (1), inflation drops more intensively
at point ¢ = 0 when ¢ and ¢ increases, while it remains unchanged for variations of v and p.
As firms ignore the informational power of the interest rate, parameters strictly associated
with the precision of the interest rate, w, do not move inflation on the counterfactual case.
As parameters ¢ and o are associated with the transmission of the policy instrument to
inflation, they move inflation when no firm has information about the shock. Afterwards,

however, firms do not consider that the interest rate will continue to rise, since firms do

17



(7Y SR

n,nz\ rrrrrrr
0

002 8- [ . feenes deeemeeeees

lt)
lt)

—&— o =05 (n=08)
& =05 (counterfactual) [|
[
{

enseeeeas . -0.04
—&— ¢ =1{n=05)

& =1 (counterfactual) || -n,nbl:"

—EB—¢=2(0=08) H -0.08

@ =2 (counterfactual) |
20 25 30 0 5 10 15 20 25 30

—HB—0c=07(0=08) 4

""" g =0.7 (counterfactual)
T T

i)
i)

—6— u=1(0=08)
=1 (counterfactual) ||

—8— =10 {0 =0.97561) |

""" w =10 {counterfactual)
T T

-0.04

=1 (0 =08)
1 0.06%-

(counterfactual) ||

5(w=1.0%09) | 0.08 -

v =1.5 {counterfactual)
T

L 01
20 25 30 0 5 10 15 20 25 30

Figure 2: Inflation’s impulse responses to a (unit) shock e;.

not see the interest rate as a response to the information central bank has about the
fundamental growth.

Figure (2) shows how inflation’s responses to a demand shock e; changes with the
parameters of the model - ¢, o, 7, and pu.

The first important observation we take from Figure (2) is that shock e; is not per-
sistent when firms ignore the fact that the interestrate is informative about the state of
the economy. This observation is easy to understand analytically: defining ZNJ =1 <(~5 , Ea)
and ¢; = [ (5,/%), we have l~j —o0¢j =0, Vj > 1 in equation (23). As the interestrate is
not persistent by itself, persistence on the interestrate comes from the fact that central
bank is reacting to changes in the fundamental, which evolves according to a Markovian
process. If firms did not see the interest rate as a public signal about the fundamental, they
would never incorporate this inertial behavior in their forecasts. This short-sight behavior
generates the same pattern in all four graphs when we analyze the counterfactual cases:

inflation hugely drops at t = 0, and becomes null afterwards. It is important to stress
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that what creates persistence on inflation is not how central bank is reacting, but rather
how firms change price setting when they understand that changes in the interestrate are
persistent.

When we analyze the influence of each parameter separately, we observe that inflation
becomes less negative for smaller values of ¢. The impulse response does not move with o,
when we have t > 1.

We define the informational effect over a variable as the difference that occurs on this
variable when we replace (15) with (21). We are going to analyze three different criteria to
measure the informational effect: (i) inflation variance; (ii) cross-sectional price dispersion,

and (iii) ex ante aggregate profit of the firms.

5 Efficiency Criteria

The first criterion we analyze is inflation variance. Woodford (2003) derives a welfare based
loss function as the second order approximation of the utility function of a representative
household. On a standard sticky prices model a la Calvo (1983), this loss function is
a weighted average of squared output gap and inflation. This means that any central
bank that wants to minimize the expected value of this welfare based loss function should
care about inflation variance. Although output gap is also present in this loss function,
Woodford (2003) shows that, under standart parameters values, its weight is very small
compared to inflation’s. As a result, the variance of inflation is as a proxy of welfare for a
vast literature of monetary models.

Nevertheless, as we do not consider the existence of price rigidity in our model, it would
not be optimal to pursue the minimization of inflation variance as the policy objective.
Ball et al. (2005) show that the welfare based policy objective when there is informational
rigidity is to minimize a cross-sectional dispersion. Therefore we consider this our second
efficiency criterion.

Finally, following the efficiency benchmark for dispersed information models proposed
by Angeletos and Pavan (2007), we consider ex-ante aggregate profits as our third optimal
criterion. Under this criterion, welfare is evaluated from the perspective of firms.

To highlight the informational effect, we show how these three criteria evolve with
the four parameters ¢, o, v, and u. We have already discussed the importance of these
parameters for the model.

We also obtain the parameters of the interest rule that minimizes those criteria. We
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assume that central bank cannot change ~y, the precision of the policy information ;.
Nevertheless, we consider that the central bank can choose not only ¢, the central bank’s
informational response coefficient, but also u, the precision of the monetary shock.

5.1 Inflation Variance

Considering expression (23), the variance of inflation can be written as

1
1+00¢

2
var(miend) = (150g) [E5ole+ ol E ()40 S5 - 00 £ ]

1 2
= (1 + 0.¢) |:O‘71 Z]Oio (Cj + ¢lj)2 + ¢2w71 Z;i[) (lj — O’Cj)z] ,

where (cj,d;) is either (¢j,d;) or (éj,d;). This expression shows that inflation variance
depends on w, even when firms ignore the fact that the interest rate is informative about the
current state of the economy. The rationale behind this observation is: firms may discard
part of the information they have, but this behavior does not change the way central bank
reacts to information on aggregate nominal demand growth. Therefore, we continue to
have iy = ¢us + ¢es. As the interest rate interferes on the dynamics of the fundamental,
and by extension on prices, the variance of e continue to influence the variance of inflation.

Under this framework, we define the informational effect over the inflation variance as

Ay =var () — var (7).

Figure (3) shows how the informational effect over variance evolves when we modify
the policy parameters ¢, v, and p and the primitive parameter o regarding two situations:
(i) firms consider the policy instrument informative, var (7), and (ii) they do not, var (7).

Equation (9) decomposes the interestrate in two parts: the response to the fundamental
(¢ (0 —60,—1)) and a noise (¢e;). As the variance of the noisy part diminishes (v or p
grows), the interestrate becomes more systematic. As these parameters are exclusively
associated with the quality of public information, the informational effect over the inflation
variance grows with them. Whether A, becomes positive when « or p grows, it depends
on the calibration. For small values of o, we can obtain var () > var (%), if v and p

are sufficiently high. When o is small, the policy instrument does not interfere much on
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Figure 3: Evolution of A, for different parameters.

the fundamental dynamics, being just a public signal. As we have seen in Areosa et al.
(2010), the precision of the public signal increases inflation variance. The explanation is
identical to the one presented in Angeletos and Pavan (2007): as the public signal increases
coordination in price setting, the variance of inflation increases. However, for higher values
of o, as shown in Figure (3), inflation variance diminishes when « or 1 grows, even when we
consider that firms take information from the interestrate. Therefore, in order to decrease
inflation variance, central bank should pursue a continuous improvement on quality of the
information used to take policy decisions, as well as not adding any monetary shock.
When we analyze the influence of o, we have to consider two effects: (i) the influence
of the policy instrument on the fundamental dynamics increases and (ii) the shocks in-
corporated in the policy instrument are amplified. The first effect helps to lower inflation
variance, as firms will change the way they compute expectations when they perceive the
policy instrument as an effective mean of driving the fundamental (i.e., central bank will
need smaller variations on the policy instrument to move the fundamental). The second

effect increases inflation variance as the fundamental becomes more volatile. Firms do not
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compute the first effect when they disregard the fact that the policy instrument is a re-
sponse to changes in the fundamental. Therefore, we observe increasing inflation volatility
when we analyze the counterfactual case. When firms take information from the interest
rate, both effects are considered. For small values of o, the first effect is dominant, while
the second effect pushes inflation variance up when o increases. The net effect, measured
by Ay, is a decreasing function of ¢ that is positive for small values of o.

The most complex analysis is related to the central bank’s informational response
coefficient, ¢. Depending on the calibration, it can either produce the smooth behav-
ior shown in Figure (3) or it can produce an overshooting on var (%), and by consequence
on A, for small values of ¢. This overshooting shows that there is a region where inflation
variance increases with ¢ when firms consider the policy instrument informative about
the state. Although not proven analytically, we believe that this overshooting is produced
when we have two positive real roots in (22), in which case there is a region where the
interestrate increases prices. Besides the existence of an overshooting, we observe the same
two effects we studied for the case of 0. As before the first effect is dominant for small
values of ¢, while the second effect makes inflation variance increases. Again, A, is a
decreasing function of ¢, when this parameter is sufficiently high. It is not a coincidence
that ¢ and ¢ have similar influence on the inflation variance, once the factor c¢ measures
how intensively central bank’s information hits the fundamental dynamics.

Considering our baseline calibration, minimization of inflation variance recommends
that the central bank should not add any noise to its policy rule (u — o), making the
interest rate as much informative about the fundamental as possible. Besides, the central

bank should positively react to the information received (¢ ~ 1.5).

5.2 FEx ante Total Profit

As in Areosa et al. (2010), we use a modified version of the efficiency criterion proposed

by Angeletos and Pavan (2007) that represents ex-ante total profits.

EIl = —)\/( : [Z;io (1 —A)j/ n(x1—j, Orj1,1t)* dF (z—; | O, It) | dF (O, I)
o

—J

+/ n(@t,ft)h(@t,[t) dF (@t,ft) s
(O¢,1t)
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where
n(xi—j, Or—j—1,1t) = pr (24—, O1—j—1, It) — [(1 — 1) 0y + 7P, (O, I)]

is the objective function that guarantees profit maximization and 7 (O, I;) is the Lagrange

multiplier associated with the constraint

h (@t, It) = Pt (@t, It) — )\Z;}io (1 — )\)] / Dt (:L'tfj, @tfjfl,lt) dF (."L‘t,j | @t,It) .

Tt—j

Using (15), the generic expression for the equilibrium aggregate price index, we can write

n(x¢—j,©¢—j—1,1) as a function of the parameters (x,0) and of the independent shocks

(w0 ) = { <f’1—0;> by +(1—8)6, (=) + (W) 5et_j}
(D) S e+ (0 ) Sl e,
where
Q; (p) = Skl - (24)

1—r[1—p(1—/\)j]

Using this expression, we obtain ex ante total profit as a function of (x,0) and of the
variances of the shocks. However, we can come with a much simpler expression when we

use (13) to write EII as a function of w,

wy=— (L) o2, (-0
ETI () ( ) (1-X2)7Q (25)

o+ w

For the case where firms ignore the informational power of the interestrate (the counterfac-
tual), we have to evaluate this expression considering w = 0. It is important to highlight
that €2 is also a function of w, since it depends on p. Under this framework, we define the

informational effect over ex ante total profit as
Agn = Ell (w) — EIL(0).

Figure (4) shows how Apgr changes with some parameters of the model. For all cases, we

have that Apgy is positive, meaning that welfare is higher when firms use the interestrate
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Figure 4: Evolution of Agy for different parameters

to take information about the state. We have shown that ETI is a function of the precision
of the interestrate, w. Therefore, the counterfactual does not change with any parameter,
since we consider w = 0 when firms do not take information from the interestrate. As
the elasticity of the fundamental with respect to the interestrate, o, does not affect w,
ETI, and by extension Agp, does not vary with o. Furthermore, the first derivative of
FETI with respect to w is always positive, meaning that E1I is an increasing function of the
parameters ¢, v, and p.The first derivative of FII with respect to w is always positive.
Therefore, if the central bank is interested in this criterion, it should increase w as much
as possible. One way of attaining this objective is to increase the precision of the policy
instrument, u — oo. This result tells us again that policy shocks, like monetary shocks,
should be avoided.
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5.3 Cross-Sectional Dispersion

Following similar steps to Woodford (2002), Ball et al. (2005) showed that the second
order approximation of agents’ utility function in a model with sticky information is a
weighted average of output gap variance and cross-sectional dispersion plus terms that are
independent of policy. As we focus on the cross-sectional dispersion, our criterion is a

proxy of the criterion proposed in Ball et al. (2005),

EV = —E[Var; (p: (2) — P)],

where Var, is given by

Var. ()~ P) = [ ()= PP = | [ () - Py a3 B

Writing this criterion in a manner similar to Angeletos and Pavan (2007) we obtain®

EV =EIll+E [(p;; - Pt)ﬂ .

This expression shows that the expected cross-section dispersion is related to the ex-ante

total profit. As before we write (pj — P;) as a function of independent shocks,

1 1— - N
(1 - J(b) [ ﬁnqs Y o AkEt—m — QZ)(U’:_F&) DO dket—m] .

Taking the expected value of this expression, we obtain a function of w,

BV: () = B (5} — )] = (a L w)2 Sz (- N¥ 0, (26)

where € is defined in (24). As in the former criterion, we have to consider w = 0 to
analyze the counterfactual. With the expression for EV;, we can write the informational

effect over cross-sectional dispersion as

Apy = Ell (w) + EV1 (w) — EIL(0) — EV1 (0).

’See Appendix G for details.
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Figure 5: Evolution of Agy for different parameters

As in the former criterion, we have that: (i) for all parameters, Apy is always positive,
(ii) EV is a growing function of w, (iii) the counterfactual does not vary with ¢, o, 7, and
w, (iv) EV does not change with o. Observations (ii) and (iii) leads to the result: Apgy is
a increasing function of ¢, v, and u. Therefore, we conclude that welfare, evaluated either
from firms’ point of view or as the second order approximation of agents’ utility function,

presents the same characteristics.

6 Conclusions

We use a sticky-dispersed information model to show how the informational power of the
interestrate, defined as the information firms take from the policy instrument, changes price
setting, and by consequence, inflation dynamics. Pricing decisions modify due to the fact
that firms alter the way they compute expectation on the current state of the economy.
The main consequence on inflation dynamics regards persistence of the monetary shock.

As the interestrate is not inertial, persistence on the interestrate comes from central bank’s
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reaction to information on changes in the fundamental, which evolves according to a
Markovian process. If firms did not see the interestrate as central bank’s reaction function,
any change in the policy instrument will be understood as an isolated movement that af-
fects inflation only instantaneously. In contrast, when the interestrate is understood as a
public signal of the fundamental, the whole realization of the interestrate affects inflation.
It is important to stress that what creates persistence on inflation is not how central bank
is reacting, but rather how firms change price setting when they understand that changes
in the interestrate are persistent.

We also analyze how the informational power of the interestrate affects three different
welfare criteria: (i) inflation variance, (ii) cross-sectional dispersion, and (iii) ex-ante total
profit. We showed that the last two criteria depend exclusively on the precision of the policy
instrument, w. Therefore, to implement the optimal informational interest rule central bank
should either increase as much as possible the informational response coefficient, ¢, or the
precision of the monetary shock, u. When we focus on the inflation variance, we observe
that, as before, the precision of the monetary shock should increase as much as possible.
However, ¢ should assume a finite and positive value depending on the baseline calibration
of the model. Following this recommendation, central bank maximizes all three criteria at
the same time. The lessons we take from this optimal informational interest rule are: (i)
central bank should avoid adding monetary shocks to the interest rate, and (ii) there is

always an optimal informational response coefficient, ¢.
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Appendix

7.1 A - Expectation

In this section, we derive equation (12). In order to compute E [0, | S¢—; (2)] when

m < j, we need to obtain E [u;—; | wy—;] and E [uz—; | wi—j,t—; (2)]. First, we are going to
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obtain the distribution of e;—; | us—;. From the Bayes theorem, we know that

f (et—iaut—i) / (ut—i \ et—i) f (et—i)

f(et—i ’ Ut—z’) - f(ut—i) - ff(et,i,utfi)detfi .

But, using (10), we have that

f(et—i7ut—i)
= flu—i | ei—) f (e1—s)

od 2
(oot (o)’

((1+ 00y 0<>_1 <
. exp_% { ((1 t o) ) 2+ ( o 2(1 + o) acg t—i%ﬁ—i)}

Y

= Kk exp —3

2 P 1
where
\/((1 +0¢)? a) w
o= 27
2 1
= 5 [0 oopa - 00070 ]ug_i
v = a(og)’
Therefore,
Gy Slemiu) o (+od)aced
Flermi ) = ety (U000, )

With this result, it is easy to see that

flw—i | w—s) = w—i + f(e—i | w—i) = N (W _ngbut »YT )
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We use this result to compute F [u;—; | wi—;]. Since

f (wt—ia ut—i)

= flwi—i | w—s) f (wi—s)
1 5 (w— aa¢)2 9
= kexp 5 Ywp_; —2(w—aod)wiusi + | ————— + | ui;

Y
2 2 2

1 ) w” + (aog)” + aw (1 + (09) ) )
= kexp D) Ywp_; — 2 (w— aop) wi_ju—; + ” Ui

1 _
= kexp —5 {ww?_i + (@ +w) <u?_l -2 (m) wtiutZ-) }

2

o e T [ [ ()
- p 2 t—1 a+w t—1 p 9 (O[‘FW)il ?

using Bayes theorem we obtain

, N flwegueg) w— aod ‘ 1
flue—s i) = [ f (wi—iy up—;) dug—; =N << o+ w )wt“ (ot w) > '

This means that

Elu— | wi—) = <w—aa¢> Wi—j.

o+ w

Alternatively, we can obtain this result from

cov (Ug—_g, Wi_;
Elus | wry] = |:(tt):| -

var (wy—;)

since

cov (Ut—i, W—i) = cov (Ui, Ut—i + €t—;)

1 2
= (1 n 0¢) cov (e4—i — O0Pes_i, er—i + €—;)

- (; +10¢>2 fvar (i) — oguar (er—s)]

— ( 1 >2[—1_ ¢—1}fw
= i700 a oPpw = (1 09)
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and

var (wi—;) = wvar (u—; + er—;)
2
1
= <1 n U¢> var (g4—i + €1—;)
al+w  a+tw

(1+ aq§)2 C aw (1+ aqb)z‘

Nevertheless, computing f (w¢—; | us—;) is useful to assess E [uz—; | wi—j,t—; (2)]. As be-

fore, we use Bayes Theorem to compute f (u¢—j | wi—;,ti—;). That is,

flu—jywi—j tij) — f (o wi—j | w—j) f (u—)

fue—j | we—j, te—j) =

Flwijitey) [ f (weg, wimg, te—j) dug—j
Since
tij(2) = @y —brj1=uj+& ;(w),
wj = ¢ Vi =+ e,

and e;; is independent of §;_; (z), we have

_ Sy fwey) flwey [uey) flu—g)
Jf (temj [ we—g) f (i [ ) f (wej) due—;

[ (u—j | we—j, te—y)

As f(t—j | ue—s) = N (w—j, 87Y), f(wi—j) = N (w—j,w™), and f (u—y) = N (0,¢71),
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we have that

f g [ we—j) fwemj | ue—j) f(ue—j)
1/2 2 (w _ w-agd, 4>2
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fuwep V2 1 2 2
2
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where the last equality holds because

aw (1 + o)?
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¥

From this expression we finally obtain

Btt—j + (w - Oé0'¢)) Wt—j
B+ w+a
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and consequently,
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7.2 B - Ez-ante total profit

In this setion we derive (25). First we are going to compute the equilibrium price of each
firm z, p; (z). Substituting (1) in (7) and using the fact that in equilibrium the price index
is given by (15), we get

pe (2) = pt (Te—j, Or—j1, It)
= El(1-7r)0+71P |3 (2)]
D) Bl Sy ()] 7 g B i | Sty (2)] 7 Y i
= (1= 1) [(1 = )@ () + s + Fiey + 1 g v
+r Z%:o Cm [(1 —0)xp—j (2) + 00— j_1 4+ 0Kip—j + K Zi;in it,k}
+r Z;’,f:jﬂ Cmbt—m + 1> 0o Amit—m
= (1-7) [(1 —8) @ (2) + 00, j 1 + Ok + k3] ZH}
+[r(1—=08)z—j (2) +160s—j—1 + roris—;] Cj + rk Z{;E Chrit—k
+r Z;’;:jﬂ Cmbt—m + 1000 Amit—m
= [L=r+rC{(1 = 8)@ij (2) + 60r—j1 + Srir—j} + £ 4o [L =7 + rCrl i,
+7 2t Cmb—m + 17 20 At —m

where
Cj = ZZn:O Cm-
This expression shows that the price set by each firm z is a function of the signals present
on the information set 3y_; (2), i.e. pr(2) = pr (x4—j (2),04—j—1,1) . As a result,
pi(2) = [(1 —7) 6 + rPB]
= [1 —Tr+ ’I”Cj] {(1 — 5) Tt—j (Z) + 59157]'71 + 5/‘%'157]'}
a4 (L= 1+ rChir—k — (1= 1) 0y — 7320 g Cmbimm.
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is a function of (z4—j;, O, I;). To simplify this expression, it is important to obtain Cj and

compute — (1 —7r) 0y —r anzo cmBi—m. We calculate C}, as

Cj > t=0Cm = €0+ Y h—1 Cm

(I—=r)(1—-0p) <1—7"> 1 3 1
1—r(1-p) r l—r[l—p(l—)\)j] 1—r(l-0p)

- (1;T> [1—r+r1p(1—A)j_1]' 27

Although this derivation assumes j > 0, it also holds for j = 0. Furthermore,

—(I=7r)0s—r Zin:o cmbi—m
= [ —r+re)b—730 _ embim
= —Qob; — Z%:l (Qn — Q1) O
= = Or e — Or 1) — 0
= = Qe — Q5 (B 1+ up )
= = Yt — 6

where
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Thus,

pe(2) = [(1—7r) 6+ rP]

[1_7""7”0]{( —0)xt—j (2) + 00151 + drir—j}
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0 { (20 b0 o+ (%T;;)) ders |

(550 e (5 e

— Q01

Using this expression we write the criterion FII as a function of the parameters (k,0).

That is,
) - b — 1 y 4 9 .1 ¢ (0 + k) 2
El (k,8) = _)\jzo(l— A Q <1+J¢> 6Ca +(1-06)°8 +< 1+U¢>
= ¢f€ 710201 ¢(‘7+”)>2 S

_ [(én—l ¢a+fe>)(Acﬁ(lig(p—);))M(lﬂ—é)Lgo(l—A)'
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From this expression, we compute ETI (/%, 3) and FETI (Fa, 5) using respectively (13) and

(19). We obtain

B (4,5) = - [(ﬁ+:+a) + 812))] > (1008

<

and

EH(R,S) =— [(aiﬁ) + (1;”] S22 (1= A Q2.

where Qj = Qj (ﬁ) and Qj = Qj (Ib)

7.3 C - Cross-sectional dispersion

In this section, we derive (26) to show that the cross-sectional dispersion can be writen as

function of EII. due to

BV i
= A [ SR [ [0 - R dF s 001
(©¢,11) | Ti—j
= [ s [ [ -+ 0 - PP dF g |01
(©,1t) | Ty
— - S0 (=AY [ (i(e) i) aF (g | O, 1)
(©1t) | Ty

—/ 2 (pf — P)
(©¢,1t)

—/ (5 — P)2dF (0, 1)
(©4¢,1t)

Tt—j

::EH—{[ ﬁﬁ—BHB—ﬁwF@nm—/ (v — P)2dF (04, 1)
O, It

(©¢,1¢)
= EIl+2E [(p: - Pt)ﬂ —E [(pi‘ - Ptﬂ

— BI+E | - R

= EN+(1-r)>E [(et - Pt)Q]
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dF (O, 1)

dF (O, I1)

AZ?ML%V/ P (2)dF (20 | O 1) — pi

dF (O, 1)

dF (O, 1)



Considering the equilibrium expression for P;, equation (15),and the fact that, according
to (27), Coo = lim C =Y ¢ = 1, we have
j—00

0r =P = 0= 0 _oCmbt—m — Do dmYt—m
= 2m—0Cmbt = 2o Cmbt—m — 2o dmYt—m
= Dm0 Cm (0t = Or—m) = - g dm¥t—m
= Z;O:o Cm Zi;%) Up—f — P szzo dm (Ut—m + €t—m)
= Do Ui—k (Do €m) = O dm (Ut + €1-m)
= % > b0 Artit g — O 0o dm (Wi + €1—m) -

The last equality holds because ¢, is given by (17) for m > 0. Using the expression for

us—k, equation (10),we obtain 6y — P; as a function of independent shocks.

1 1—KP o P (0+K) oo
et_Pt = <1+0_¢> |: K Zk:O dkstfm_ TZk:O dketfm

Therefore, denoting EV; (k,6) = (1 —7)* E {(Ht - Pt)ﬂ , we have

EVl (K,, (5)

2
. p
N <1+U¢>

where (i is defined as in (24). Therefore, using the expressions for (&, 5) and (&, 5), we get

(1-ke)*  [¢(c+m)

- e POPYCEPVEY

2
A 2 . P 00 - 27 H2
En (“’5) - <a+w> 2k (1= )7 %

EV (f% 5) = (2)2 Do (1= N}

This expression shows that £V is in fact a function of w.
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