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Abstract

This paper studies optimal monetary policy under rational inattention: the policy
maker optimally chooses her information subject to a processing constraint. Our
analytical results emphasize how the policy maker’s information choices shape her
expectations and the dynamics of the macroeconomy. Paying attention to demand
shocks lowers output volatility and causes untracked supply shocks to drive inflation.
Because persistent supply shocks have a minor impact on interest rates under full
information in the New Keynesian model, the policy maker should bias her limited
attention towards demand shocks. Improvements in information can explain a declining

slope of the empirical Phillips curve.
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1 Introduction

Information is a key component of monetary policy decision-making. Policy makers must
choose what information to pay attention to and what to ignore. As emphasized by recent
chairmen of the Federal Reserve, limited information leads to considerable uncertainty about
the current state of the economy, the trajectory of the economy, and whether this trajectory
is predominantly driven by demand or supply-side forces. For example, Ben Bernanke said:
“Uncertainty about the current state of the economy is a chronic problem for policymakers.”*
Although important in practice, this informational choice is absent from existing analyses of
optimal monetary policy which assume policy makers have access to all available information
about the economy or an exogenously restricted subset. In this paper, we relax this assumption.
We study the determination of policy makers’ information choices, the optimal monetary
policy, and the implied equilibrium dynamics. Our main contribution uses closed-form
analytics to show how the policy maker’s information choices shape her expectations and
the equilibrium dynamics of the economy.

To accomplish our goal, we suppose that the policy maker is subject to rational inattention
(Sims, 2003). We add this constraint to the optimal monetary policy problem of a canonical
New Keynesian model driven by exogenous demand and supply shocks (e.g. Gali, 2015).
To cleanly assess its impact on optimal monetary policy, we do not incorporate information
frictions on households or firms. Under full information, the optimal monetary policy attains
the first best by tracking the efficient real interest rate. This policy minimizes the welfare
cost of price adjustment by discouraging firms from ever changing their nominal prices.
Rational inattention constrains the amount of information that the policy maker can obtain
about the efficient real rate and use in monetary policy design. Assuming that the policy
maker learns about supply and demand shocks independently, she is forced to trade-off
her attention between demand factors and supply factors: paying more attention to one
necessitates paying less attention to the other. To build intuition for the effects of this
trade-off and to derive analytical results, we first consider the case in which demand and
supply shocks are independent and identically distributed (i.i.d.). We obtain expressions for
the policy maker’s expectations of these shocks, the paths of nominal interest rates, output,

and inflation, and the optimal attention allocation over the shocks.?

!Similarly, Jerome Powell at the Jackson Hole Symposium (2018) discussed the of difficulty implementing
monetary policy because ‘star’ variables like the natural rate of unemployment (u*) or the neutral real rate
(r*) are unknown and moving. “Guiding policy by the stars... has been quite challenging of late because
our best assessments of the location of the stars have been changing significantly.” The quotation from Ben
Bernanke is from the Economic Policy Conference (2007).

2In reality, policy makers do not literally track such shocks. Instead, the shocks capture the unanticipated
variations in demand and supply conditions that the policy maker would like to pay attention. For example,



When information processing capacity is limited, the policy maker must divide her
attention between knowing about prevailing supply-side and demand-side conditions. This
trade-off affects expectation formation through two channels. First, limited information
about current shocks causes the policy maker to place positive weight on her prior beliefs.
In the i.i.d. case, this attenuates her posterior expectations of the shocks towards zero. The
informational trade-off implies that dampening the expectation attenuation of one shock
comes at the cost of strengthening the attenuation of the other shock. Second, the noisy
information acquired under rational inattention creates endogenous and stochastic variation
in the policy maker’s optimal expectations over time. This noise is subject to the same
informational trade-off: forming more precise expectations of one shock necessitates forming
noisier expectations of the other.

Output dynamics are determined by the informational focus of the policy maker as well
as the usual intertemporal substitution channel. In equilibrium, the policy maker adjusts
interest rates as a function of her expectations of demand and supply shocks: she lowers rates
to accommodate increases in supply, and hikes rates to offset inefficient increases in demand.
Optimality implies that monetary policy responds more strongly and more precisely to the
shock that the policy maker pays more attention to. As a result, output fluctuations are
larger when the policy maker focuses more on supply shocks because interest rate policy is
more accommodating of changes in supply, and does not fully offset changes in demand due
to a lack of information. Conversely, an increased focus on demand shocks dampens output
fluctuations as policy aggressively offsets changes in demand but does not accommodate
changes in supply as much.

Deviations in output from its efficient path create output gaps which cause inflation
responses that are absent in the complete information economy. Inflation responds positively
to demand shocks and negatively to supply shocks. The sizes of these responses depend on
the informational trade-off. In particular, inflation responds more to the shock that the policy
maker devotes less attention to. Intuitively, if the policy maker focuses mainly on supply
shocks, then output gaps and hence inflation are mainly driven by changes in demand that
are not offset by monetary policy. The informational focus of policy makers also determines
the sign and strength of the co-movement between inflation and real activity. A stronger
focus on supply shocks generates more volatile output and a strong positive co-movement
between inflation and output driven by demand shocks. In contrast, if the policy maker more

carefully tracks changes in demand, then output will be less volatile and will exhibit a weaker

the Federal Reserve’s Beigebooks and Minutes frequently discuss the results of consumer surveys, firm
surveys, and supply chain information, indicating the policy makers’ interests in the prevailing demand and
supply conditions.



and negative co-movement with inflation driven by supply shocks. Thus, the disappearance
of the empirical Phillips curve in recent data (Hall, 2013) may be partially attributable to
increased attention on demand factors by policy makers.?

Noisy expectations create a stochastic component of monetary policy that is orthogonal
to the exogenous demand and supply shocks. In equilibrium, these shocks cause a positive
co-movement between output and inflation, and so operate like traditional monetary policy
shocks (Christiano et al., 2005). However, rather than being exogenous, our monetary policy
shocks are an optimal and endogenous response to the policy maker’s information constraint,
and have a natural origin: limited information leads to noisy monetary policy.

We show that the optimal monetary policy can be implemented using a feedback rule
that depends on noisy observations of output and inflation. Unlike the existing literature, we
do not assume that these observations are available to the policy maker ex-ante (e.g. Aoki,
2003). Instead, the policy maker endogenously chooses to include these observations in her
information set to best inform her beliefs about the economy, thus providing a justification
for why policy makers should focus on the dynamics of output and inflation when designing
monetary policy. Furthermore, our implementation shows that a focus on demand shocks by
the policy maker is associated with the precise measurement and stabilization of output, while
a focus on supply shocks is implemented via the more precise measurement and stabilization
of inflation. Hence, the modern “price stabilization” goal of central banks around the world
can be interpreted as an implicit focus on tracking supply shocks more than demand shocks.*
Intuitively, stabilizing output reduces both inefficient demand-driven output volatility and
also efficient supply-driven volatility, which is optimal for a demand-focused policy maker.
In contrast, traditional inflation stabilization mostly offsets demand-driven output gaps,
and so is consistent with a policy maker focused on accommodating supply changes. Finally,
under such a rule, we show that a sufficiently limited information capacity causes equilibrium
indeterminacy because the the policy maker’s optimal responses to shocks become too weak
to rule out the existence of sunspot equilibria.

The optimal informational focus of the policy maker depends crucially on the persistence
of exogenous shocks. In the i.i.d. case, we show analytically that the information processing
capacity allocated to a shock is intuitively increasing in that’s shock’s variance. However,
when we calibrate the shock persistences to plausible values, the optimal information allocation
becomes biased towards demand shocks. This asymmetric allocation of processing capacity

reflects how each shock affects the efficient real interest rate that the policy maker would

3In contrast, McLeay and Tenreyro (2020) argue that the disappearance of the empirical Phillips curve
is attributable to optimal monetary policy responses to cost-push shocks under complete information.

4Relatedly, the “dual mandate” present in the Federal Reserve’s focus on both prices and employment
may be interpreted as balancing both demand and supply considerations.



like to imitate through monetary policy. Intuitively, very persistent supply shocks do not
have large effects on expected growth rates of output and consumption, which are the main
determinants of interest rates in equilibrium. Hence, monetary policy is best served by
focusing more on demand-side factors which have a stronger impact on efficient interest
rates that policy makers wish to replicate.

Finally, we explore how increasing the policy maker’s information capacity affects model
outcomes, and compare them to macroeconomic trends in post-WW2 data. As the capacity
increases, equilibrium dynamics converge to their efficient paths, volatility declines, and the
co-movement of inflation with output growth falls. These patterns are consistent with the
increasing accuracy of Federal Reserve beliefs as stated in Greenbooks (Tulip, 2009), the
decline in empirical macroeconomic volatility (the “Great Moderation”), and offers a new
interpretation of the disappearance of the Phillips curve linking inflation and real activity.
Through the lens of our model, higher information capacity leads to less price volatility and a
weaker correlation between inflation and output growth, even though the structural Phillips

curve is stable over time.

Related Literature To the best of our knowledge, we are the first to study optimal
monetary policy with endogenous information acquisition by the central bank. Aoki (2003)
studies optimal monetary policy when the policy maker has complete knowledge of the
economy’s past, but only observes exogenously noisy measures of current output and inflation.
We instead use rational inattention to fully endogenize the policy maker’s information set.
Our approach yields new insights that exogenous information settings obscure. First, we
can analyze the important interactions between the policy maker’s information choices, her
expectations, and the equilibrium dynamics. Second, we find that monetary policy shocks
arise endogenously and are an optimal response to limited information rather than a purely
exogenous disturbance. Third, we show how the optimal policy can be implemented using
noisy measures of output and inflation, where the coefficients on output and inflation, and
the noise in the observations themselves are endogenous functions of the optimal information
allocation. This dependence allows us to derive the conditions under which the policy
maker should track inflation more accurately than output, and when the policy maker
should respond more strongly to inflation than output. This analysis is impossible in an
exogenous information setting. The advantages of our approach also apply to Boehm and
House (2019) who study optimal monetary policy with exogenously restricted information
and the additional assumption that policy must be conducted using a Taylor rule.
Although our contribution is applied in nature, we also connect our findings to the

theoretical results of Svensson and Woodford (2003, 2004), who study linear-quadratic



optimal monetary policy problems when policy makers only observe exogenously noisy
indicators of economic variables. Like them, we find that that uncertainty does not affect
the conduct of optimal policy when it uses optimal estimates of the variables (“certainty
equivalence”), and that expectation formation cannot be separated from equilibrium dynamics
when policy makers have less information than the private sector. However, our inclusion of
endogenous information acquisition highlights the importance of equilibrium dynamics when
assessing the optimal information allocation. For example, the high persistence of supply
shocks implies that they have little impact on the efficient real interest rate so that policy
makers need not pay much attention to them. Hence, it is actually optimal for the policy
maker to receive very noisy indicators of supply shocks.

Our analysis also relates to the recent literature that merges the New Keynesian framework
with models of incomplete information. For instance, Woodford (2010) and Adam and
Woodford (2012) characterize robust, in the sense of Hansen and Sargent (2005), monetary
policy under uncertainty about private sector beliefs. Alternatively, Paciello and Wiederholt
(2014) and Angeletos and La’O (2020) study optimal monetary policy when firms have
limited information, while Mackowiak and Wiederholt (2009), and Afrouzi and Yang (2020)
study firm pricing behavior under rational inattention. Finally, Mac¢kowiak and Wiederholt
(2015) study business cycle dynamics when both firms and households face inattention
constraints. We instead focus on the effects of limited information for the policy maker,
and stress how her informational choices shape and are shaped by her expectations and the
equilibrium dynamics.

Finally, our results contribute to the discussion around the flattening of the empirical
Phillips curve. Closest to us, McLeay and Tenreyro (2020) show how optimal monetary
policy under full information can impart a negative correlation between inflation and output
in the presence of cost-push shocks. In contrast, we show how limited information can
affect the empirical correlation by affecting whether demand or supply shocks drive business
cycle fluctuations. At low information, demand shocks dominate and induce a positive
correlation between inflation and real activity. As information improves, supply shocks play
a larger role and weaken the correlation towards zero. Our approach complements others
who have emphasized the role of private sector inflation expectations in estimations of the
structural Phillips curve. Hazell et al. (2020) and Jorgensen and Lansing (2021) highlight
the importance of anchored inflation expectations over the past two decades, while Coibion
et al. (2018) demonstrate the stability of the Phillips curve when estimated using survey-
based inflation expectations of households.

The paper proceeds as follows. Section 2 describes the economic environment, information

frictions, and sets up the optimal monetary policy problem. We present our main analytical



results in Section 3, and the extension to persistent shocks in Section 4. We discuss the link
between information and macroeconomic trends in Section 5, and show that our insights

hold under various extensions in Section 6. Section 7 concludes.

2 Setup

We conduct our analysis in a standard sticky-price New Keynesian model augmented to
allow for endogenous information choices by the policy maker. Given its familiarity, we leave
a full description of the model to Appendix A. Here, we briefly describe the key equations
before introducing the policy maker’s information frictions. Throughout, “hatted” variables

denote log deviations from the deterministic steady state.

Aggregate Shocks The economy is driven by two exogenous stochastic processes that

drive the household discount rate p; and total factor productivity (TFP) a,

Pt = 0ppt—1 + 0p€pt, (1)

dt = 5a&t—1 + Oa€ats (2)

where 6,,0, € [0,1), e,; ~ N(0,1), and e,; ~ N (0,1).> We interpret and refer to these
shocks as sources of exogenous variation in demand and supply respectively. Intuitively,
a positive discount rate shock increases the marginal utility of current consumption and
hence raises contemporaneous aggregate demand, while a positive TF'P shock increases the

economy’s production capacity holding inputs fixed.

The Efficient Flexible Price Benchmark When prices are flexible and monetary policy
is neutral, outcomes are Pareto efficient and are described by “starred” variables for output

and the real interest rate that satisfy the log-linear equations

g: = 1}j_f4pdt7 (3)
Tf:p—i—ﬁt—ﬁ%(l—éa)&t, (4)

where v > 0 is the elasticity of intertemporal substitution, and 1/¢ > 0 is the Frisch elasticity
of labor supply.

®We assume aggregate shocks are independent to clearly deliver the main insights for optimal monetary
policy. Correlated shocks would result in the monetary authority’s limited information about one shock to
effect her beliefs about both shocks.

6 An alternative supply shock common in the New Keynesian literature is a shock to firms’ mark ups. We
show that our analysis naturally extends to these shocks in Appendix F.



Equilibrium Dynamics under Sticky Prices As is standard, we analyze outcomes
under sticky prices in terms of their deviations from the efficient benchmark. Outcomes are

described by two log-linear equations,

Et?jt—&-l — U= (bt - Etﬂtﬂ - 7’:) ) (5>
Etﬂt+1. (6)

= .Y +
Tt = Pyl 1+,

The Euler equation (5) describes the dynamics of the output gap 7, = 4; — ¢;, defined
as the log deviation of equilibrium output g; from its efficient level. «; — E;myy 1 is the
equilibrium real interest rate where ¢; is the nominal interest rate and m; is inflation. -y
governs how strongly output gaps respond to the gap between the equilibrium real interest
rate and its efficient counterpart r;. The New Keynesian Phillips Curve (6) describes the
dynamics of inflation. ¢, > 0 governs how strongly inflation responds to output gaps.
Note that the expectation operator [, is the standard full-information rational expectations
operator. We do not incorporate any information constraints on households or firms to
cleanly identify the effects of policy maker inattention on optimal monetary policy. See
Mackowiak and Wiederholt (2015) for a general equilibrium analysis in which households

and firms are rationally inattentive but the monetary authority is not.”

Benchmark Monetary Policies To contextualize our main analysis, we briefly discuss
two useful policy benchmarks. First, consider the optimal monetary policy under full
information: ¢; = r;. As shown by Gali (2015), substituting this policy into (5) and (6) yields
the solution y, = m = 0, so that ¢, = y; and the sticky price equilibrium coincides with
the efficient allocation.® By efficiently managing aggregate demand, this policy discourages
firms from ever changing their prices and so attains zero welfare loss from sticky prices.
Now consider the extreme opposite policy in which monetary policy does not respond to
economic fluctuations at all, so that (; = p, where p > 0 is the real interest rate in steady

state. As will become clear, this corresponds to an optimal policy without any information.

"We acknowledge that in reality the private sector may also be imperfectly informed, and this may have
implications for optimal monetary policy. For instance, the monetary authority’s actions could have an
informational effect on the private sector (e.g., Nakamura and Steinsson (2018) and Kohlhas (2020)). The
question of how private sector and central bank information frictions interact is outside the scope of this
paper and left for future work.

8As is well known, to guarantee uniqueness it is sufficient to consider policies of the form ¢, = 7} + ¢,
with ¢, > 1. We abstract from such issues to streamline the discussion.



Solving (5) and (6) under this restriction yields

6
) (1= ) ) V1157 Pyla .
Yo = 5 Pt — 5 Qg,
(1—4,) (1 - Fpp) — 7y, (1 —da) <1 - 14?,)) — VPy0a
1+
) Voyitas (1 —6ba)
- TPy b — Y1+ Gip.

(1-19,) (1 - %p) — 7y (1 —da) (1 - 1‘1;) — ¥¢y0a

In this case, output and inflation co-move positively in response to both demand and supply
shocks. Intuitively, inert monetary policy does not offset demand shocks, which then increase
aggregate demand and cause firms to raise their prices. In addition, the policy does not
accommodate supply shocks, which instead cause firms to lower their prices today, creating
higher real interest rates going forward and a drop in aggregate demand.

Optimal monetary policy under limited information will strike a middle ground between
these two extremes. The policy maker will try to accommodate supply shocks while also

minimizing the impact of demand shocks on the economy.

2.1 Limited Information under Rational Inattention

To model endogenous information with limited processing capacity, we follow the literature
on rational inattention (Sims, 2003). We use the concept of mutual information to quantify
how much information the policy maker processes and ultimately uses to implement the path
of nominal interest rate rates {¢;}. Formally, mutual information uses entropy to measure
uncertainty and quantifies information flow as reduction in uncertainty.!® For example, if
random vectors Y = (Y3, Y, 1,...,Y,_r) and X = (X, X; 1, ..., X;_r) are jointly normal, their

mutual information is
1 1
I(X;Y) = 3 log,[(2me)T ! det Qx] — 5 log,[(2me)" ! det Qx v, (7)

where (x is the unconditional covariance matrix of X, and x|y is the covariance matrix

conditional on Y. The first term computes the entropy of X, while the second computes

9Rational inattention is used in settings where information is freely available, but the processing of
that information is constrained. We believe rational inattention is an appropriate modeling approach to
investigate the Federal Open Market Committee’s (FOMC) policy decisions. At their meetings, the FOMC
may pay attention and discuss any freely available information such as existing surveys, staff forecasts, or
current economic indicators; however, they are not producing costly new data.

10Although common in the literature, mutual information is not the only way of modeling rational
inattention. In Appendix G, we show that our analysis is robust to modeling rational inattention using
the information cost proposed by Hébert and Woodford (2020).



the entropy of X conditional on Y. Mutual information measures the information about X
contained in Y by computing the reduction in uncertainty about X attained by conditioning
onY. As T — oo, we can compute the average per-period mutual information between the
stochastic processes: Z({X}; {Y'}) = limy_~ 71(X;Y) (Mackowiak and Wiederholt, 2009).

In our setting, we will set X; = (ay, p¢)’, and we will derive the optimality condition
Y, = Ep Xy where Ej/, is the policy maker’s endogenous expectation operator. We then
adopt a mutual information constraint Z({X}; {Y'}) = ks, where ry; > 0 is the exogenous
per-period information capacity of the policy maker. Z measures the per-period mutual
information between the stochastic histories of X and the policy maker’s expectations of
them. When k;; = 0, the policy maker cannot process any information. Therefore Y; does
not contain any information about X;. In the limit as k), — oo, the policy maker can
process sufficient information to know X, with certainty, and can set Y; = X,.!!

Finally, to focus on how limited information impacts the conduct of optimal monetary
policy and the equilibrium dynamics of output and inflation, we assume that the policy
maker’s learning dynamics start in steady state. This can be achieved by the policy maker
receiving a long history Y., = (Y_1,Y_o,...) at the start of period ¢ = 0, that summarizes
the information collected by the policy maker’s predecessors. We show that allowing for

transitional learning dynamics does not affect our main insights in Section 4.2.

2.2 The Optimal Monetary Policy Problem

The optimal monetary policy problem can be solved in two stages. First, in period t = —1
the policy maker chooses her information structure, that is how much attention to allocate
to supply shocks and how much attention to allocate to demand shocks. This division
of attention characterizes how her expectations, E,;, are formed before any information is
received. Then in each period t > 0, the policy maker chooses ¢; given her information
set. We now discuss key features of the optimal policy problem with detailed derivations in
Appendix B. We provide a complete closed form characterization of the optimal monetary

policy when aggregate shocks are i.i.d. in Section 3.

Optimal Interest Rate Choice To determine the optimal choice of ¢;, we assume that
the policy maker wishes to minimize the deviations of the equilibrium from the efficient

benchmark. To second order, these deviations are summarized by the per-period household

1'We have stated the rational inattention constraint directly in terms of beliefs. An alternative would be
to state the problem in terms of optimal signals which would be of the form X; plus noise, and would inform
the expectations. As shown by Madkowiak and Wiederholt (2009), these approaches are equivalent.

10



utility loss (derived in Appendix B)

b= (4 i) ®)
where £ > 0 governs the size of the losses due to price adjustments.

We solve for the optimal monetary policy under discretion. This means that the policy
maker chooses the path of nominal interest rates sequentially. In addition to its tractability,
we believe that this approach is reasonable given the informational frictions faced by the
policy maker that would make policy commitments difficult to enforce. It also makes our
results easily comparable to the case of exogenous information in Aoki (2003).

In each period ¢ > 0, the policy maker solves

1 §
inEar |= (32 ’ 9
e 3 (#+ 75557)| 2
subject to (5) and (6). This minimization problem has an intuitive solution.

Proposition 1. The optimal discretionary monetary policy satisfies v, = Epry [1}], so that

using (4), we obtain

1+
L+9¢

w=p+Eum:[p] - B[] - (10)

Proposition 1 echoes the certainty equivalence result in Aoki (2003). The linear-quadratic
structure of the policy problem implies that the optimal monetary policy is simply the
subjective expectation of the optimal policy under complete information, where we recall
that ¢, = r; attains zero welfare loss from sticky prices by discouraging price changes by
firms through efficient aggregate demand management (Gali, 2015). The policy equation
(10) also shows that the policy maker’s expectations of demand and supply shocks play a
key role in the conduct of optimal monetary policy, and justifies setting X; = (a, p;)" and
Y, = Ep X, in our application of rational inattention theory.

Our formulation of the information constraint Z({X }; {Y'}) = ras implies that the policy
maker must first collect information about demand and supply conditions, and then use
that information to form a belief about the efficient real interest rate. We believe this
approach is most consistent with how policy makers gather and use information in reality
when setting monetary policy. For instance, the Beigebooks frequently discuss the results
of consumer surveys, firm surveys, and supply chain information, further supporting policy

makers’ interests in learning about the prevailing demand and supply conditions.

11



Furthermore, the Federal Open Market Committee (FOMC) Minutes often separately
discuss how demand and supply factors are affecting the economy. For example, at the onset
of the Covid-19 pandemic the FOMC Minutes stated, “Weaker demand and significantly
lower oil prices were holding down consumer price inflation” (April 28-29, 2020). As the
economy recovered and inflation began to rise, the Minutes said, “Participants remarked that
inflation had increased generally more than expected this year and attributed this increase
to supply constraints in product and labor markets and a surge in consumer demand as
the economy reopened” (July 27-28, 2021). Similar considerations were discussed during
the Great Recession, “|M|easures of business and consumer confidence fell to new lows, and
private spending continued to contract. Employment and production indicators weakened
further as businesses responded very rapidly to the fall-off in demand” (December 15-16,
2008). Even outside of recessions, FOMC Minutes commonly discuss demand and supply
factors, “Spending was also supported by the recent stock market gains, and by greater
consumer confidence as reflected in the Michigan Survey Research Center’s index of consumer
sentiment and the Conference Board’s index of consumer confidence... evidence pointing to
the possibility of an uptick in inflation was still quite limited, but some members noted that
in addition to sizable advances in the prices of many commodities including oil, reports from
business contacts indicated that a few firms had been able to raise their selling prices and
maintain them at higher levels in an effort to pass on increases in costs” (January 2-28,
2004). These quotations anecdotally highlight the Federal Reserve considering how demand
and supply factors are separately impacting the economy.

Appendix H supports this assessment through a quantitative analysis of the text of the
FOMC Minutes. We find that 3% of words in the Minutes are associated with demand factors,
and 2% of words are associated with supply factors.!? This suggests that policymakers are
carefully paying attention to demand and supply considerations. Ultimately, discussions
about the underlying supply and demand factors affect the FOMC’s choice of interest rate.
We do not allow the policy maker to learn about r; directly since it seems unrealistic, is
inconsistent with FOMC discussions, and would abstract from the key informational trade-off

in which we are interested.!?

12The shares are calculated after removing 179 stop words. Examples of stop words are ‘and’, ‘what, ‘this’,
‘that’, ‘the’, and ‘we’. The words associated with demand and supply are listed in Appendix H. Examples
include ‘consumer’, ‘spending’, and ‘confidence’ for demand and ‘energy’, ‘production’, and ‘shipments’ for
supply.

13Tf we were to take this alternative approach, the monetary authority would form an optimal expectation
of the efficient real rate directly, rather than of the primitive shocks. However, as argued in Mac¢kowiak and
Wiederholt (2009), this approach is unappealing in contexts when the decision maker cannot realistically
attend to the optimal action directly.

12



Optimal Information Structure Choice To write down the first subproblem, we first
simplify the information constraint Z ({(pe, a¢)'}; {(Eare [0e] , Enre [64])'}) < kar. Following
Mackowiak and Wiederholt (2009), we can exploit the independence of the exogenous shocks

and write the constraint as

T (kB o)) + T (G (Ears [a]}) < (11)

=Kp =Ka

where k, > 0 and K, > 0 denote the mutual information concerning demand shocks and
supply shocks respectively. (11) states that the information processing capacity devoted to
each shock cannot exceed the total capacity available: k, + x, < K.

Given this simplification, we show in Appendix B that the stochastic processes for the
policy maker’s expectations, ¢, @, and 7 are all functions of s, and x,. Therefore, let
L(ky, kq) = Ep—1) oy B denote the discounted expected welfare loss, conditional on
the optimal policy (10). The first subproblem is stated as min,, ., L(k,, ka) subject to

Kp+ Ko < Kpt

3 A Closed Form Solution

To solve the optimal policy problem in closed form, we temporarily assume that aggregate

shocks are i.i.d. over time.!®

Assumption 1. ¢, =4, = 0.

To build intuition for the solution to the Ramsey problem, we proceed in stages. We first
characterize the policy maker’s optimal expectations. We then derive the equilibrium paths
for macroeconomic variables and show how to implement the optimal policy using a feedback
rule that specifies the nominal interest rate as a function of observables. Throughout,
we stress the effects of informational choices. Finally, we discuss the optimal information

allocation that underlies the optimal expectation formation and equilibrium dynamics.

3.1 Optimal Expectations

Recall that optimal monetary policy satisfies t; = p + Epry [p1] — &_VZEMvt [a;]. In the i.i.d.

case, the expectations take on a simple form.

14 An alternative is to specify a marginal cost of information Ay; > 0 and to solve ming , L(kp, Ka) +
A (kp + Kq). We obtain similar results in this case, as shown in Appendix D.

15We provide a partial analytical characterization of the persistent shock case in Section 4, which also
includes a numerical analysis.

13



Proposition 2. Under Assumption 1, the policy maker’s expectations satisfy

Epr[a:] = (1 —1/2%)a; + (V/22ra — 1/2%) g1, (12)
Eare (o] = (1 — 1/2%%) py 4 (V2250 — 1/2%%) 0 uy, (13)

where v; and u; are i.i.d. standard normal random variables.

To understand Proposition 2, we first consider the equations separately, and then discuss
their joint relationship. In isolation, it is sufficient to discuss (12); the interpretation of (13)
is analogous. The expression for Eys,[a;] is composed of two pieces. The first shows that
the policy maker attenuates her expectation of the supply shock towards zero. Intuitively,
when the policy maker updates her posterior mean using her limited information, she places
positive weight on her prior mean, which is zero under Assumption 1. Furthermore, the
extent of attenuation is decreasing in the endogenously chosen information capacity variable
Kq. As the policy maker devotes more attention to supply shocks so that x, increases, she
lowers the weight on her prior when forming her expectation of the current shock.

The second piece is driven by the random variable v;, and adds pure noise to the policy
maker’s expectation. This noise reflects the uncertainty that the policy maker faces about
the true supply shock, and causes her expectation to stochastically deviate from her mean
posterior expectation over time. We stress that this noise is an endogenous outcome, and is
generated by the information constraint. Furthermore, the variance of the noise also depends
on the information capacity choice, but now in a non-monotonic manner. When £, is low,
the policy maker pays little attention to tracking supply shocks and so does not introduce
much noise into her expectation, which is closely tied to the long run mean of zero. As k,
increases, more attention initially introduces more noise to the expectation, until eventually
the policy maker obtains sufficient information to know the shock with certainty, reducing
the noise component to zero.

In equilibrium, these expectations are jointly determined, and the information capacity
choices must satisfy the binding constraint x, + x, = k. Therefore, if the policy maker
wishes to obtain more accurate expectations of one shock (less attenuation and noise), she
must accept less accurate expectations of the other shock. The existence of this informational
trade-off contrasts sharply with the previous literature that takes information as given (Aoki,
2003; Svensson and Woodford, 2004), and highlights how endogenous information choices
determine the optimal expectations. As we show below, these choices also feed into the
equilibrium dynamics of output and inflation, which in turn feedback into the policy maker’s

optimal choices of k, and £,.*

Tn contrast, were the policy maker to form expectations of r; directly, she would set ¢, = p +
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Having evaluated the expectations, we can now write the optimal path of nominal (equal

to real) rates in explicit form,

lw=p-+ (1 - 1/22%)@ + (V2% — 1/22%)‘7,07%

i, 4 (Vo). &

- 1+730 ((

Comparing (14) to the efficient path of real interest rates (4) shows that the expectation
attenuation channel mutes the equilibrium real rate responses to exogenous demand and
supply shocks. In addition, the noise channel introduces endogenous and stochastic shocks
to optimal monetary policy that a policy maker with full information could avoid. We also
note the effect of the informational trade-off: monetary policy responds more strongly and

more precisely to the shock that the policy maker pays more attention to.

3.2 Equilibrium Dynamics

Combining (14) with the Euler equation (5) and the New Keynesian Phillips curve (6) yields

a three equation system, that we solve for the full equilibrium dynamics of the economy.

Proposition 3. Under Assumption 1, the optimal paths for output and inflation are

=7(pe/ 2% — (V220 — 1/27 )0 ue)

A (1)
+ (1= 1/22%)d, + (V2R = 1/2%%)o,u),
T = @yV(ﬁt/z%p — (V22 — 1/22HP)‘7put> (16)

X gpy11+¢ ( &t/22fia + (m/22ﬁa)0'avt).

/rt+e

Consider first the path of output, which is determined by the textbook intertemporal
substitution channel (Gali, 2015). Comparing (15) to the efficient path (3), y; = 1/%@

shows that the output response to supply shocks is muted, while the response to demand

at7

shocks is amplified. These differences stem from the muted responses of the optimal real
interest rate to exogenous shocks. When the real interest rate response to supply shocks
is muted, households do not substitute consumption across periods as much. Hence the
output response to supply shocks is also muted. In contrast, the muted real rate response to

demand shocks creates larger deviations between interest rates and the household’s discount

2
(1—1/22580) (r; — p) + (V2231 — 1/2263) 5,2, where 02 = o2 + (11:7‘2) 02 and z is a i.i.d. standard

normal random variable. In this case, there is no trade-off between demand and supply shocks because we
have assumed that the policy maker can directly attend to the efficient real rate itself rather than its drivers.
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rate, which result in more intertemporal substitution of consumption and larger output
responses to demand shocks than in the efficient economy.

Crucially, the strength of these effects depends on the information allocation chosen by
the policy maker. For example, when the policy maker shifts her attention towards supply
shocks so that &, rises but r, falls, output becomes more sensitive to both supply and demand
shocks as interest rate policy provides more accommodation of changes in supply, but does
not offset changes in demand as strongly. In contrast, shifting attention towards demand
shocks reduces the sensitivity of output to both shocks as interest rates offset changes in
demand more aggressively but do not accommodate changes in supply as much. In short,
output volatility is a function of the information that the policy maker chooses to attend to.

Substituting the dynamics for output into the New Keynesian Phillips Curve (6) yields
the dynamics of inflation. Proposition 3 shows that inflation responds to both demand and
supply shocks, in sharp contrast with its stability under the full information policy. Inflation
responds positively to demand shocks, but negatively to supply shocks. In line with the
textbook intuition, a positive demand shock raises demand holding long run productive
capacity fixed, and so causes firms to increase their prices in the short run. On the other
hand, a positive supply shock lowers firms’ marginal cost of production and results in higher
output at lower prices.

The strengths of the inflation responses to each shock also depend on the information
allocation. Expression (16) shows that inflation responds more to the shock that the policy
maker devotes less attention to. For example, if the policy maker devotes more attention to
supply shocks so that x, rises but «, falls, inflation will respond more to demand shocks.
This follows from the implied dynamics of the output gap. When the policy maker focuses
more on supply shocks, deviations in output from its efficient level are due mainly to demand
shocks that the policy maker does not track as much. Since inflation depends on the path
of output gaps, its dynamics become mainly driven by demand shocks.

Finally, combining (15) and (16) shows how the information allocation determines both
the sign and the size of the equilibrium co-movement between output and inflation. If the
policy maker shifts her attention to supply shocks, then output is more volatile, and inflation
is mainly driven by demand shocks. As a result, output and inflation exhibit a strong positive
co-movement. In contrast, if the policy maker shifts her attention towards demand shocks,
then output volatility declines, and inflation becomes mainly driven by supply shocks. In
this case, output and inflation will exhibit a weaker and negative co-movement. This finding
offers a tentative link between the strength of the empirical Phillips curve (the co-movement
between inflation and real activity) and the informational focus of monetary policy, and

suggests that the Phillips curve is strongest when policy is focused on supply side factors.
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Endogenous Monetary Policy Shocks In addition to exogenous demand and supply
shocks, Proposition 3 also shows how the macroeconomy is driven by the endogenous shocks,
v, and u, that arise due to the policy maker’s limited information. Therefore, the economy is
subject to endogenous and stochastic fluctuations under the optimal monetary policy. These
fluctuations are caused by the information constraint, which creates stochastic deviations
between the nominal interest rate and the efficient real interest rate. In equilibrium, these
deviations affect the paths for output and inflation.

The endogenous shocks v; and wu; cause a positive co-movement of output and inflation,
but a negative co-movement of output and the nominal interest rate. Therefore, v; and
u; have the characteristics of monetary policy shocks, as defined in the vast literature on
monetary policy transmission (e.g. Christiano et al., 2005). The information constraint offers
an explanation for the origin of such shocks. In equilibrium, there are unanticipated shocks
to the nominal interest rate that stem from the limited information that the policy maker has
about the efficient path of the economy she would like to target. In contrast to the literature
with exogenous information, the variances of these shocks are determined endogenously as
part of the optimal policy, and reflect both the total information processing capacity of
the policy maker, and her optimal division of this capacity between competing information

sources.

3.3 Implementation

Having characterized the equilibrium dynamics, we now derive a feedback rule that specifies
the optimal nominal interest rate as a function of noisy measures of output and inflation.
Crucially, the noise respects the informational constraint, so that the measures of output and

inflation can be interpreted as noisy observational data that the policy maker could collect.

Proposition 4. Under Assumption 1, the optimal monetary policy can be implemented using

the rule

_ 220a —1 2270 o | 22Fp—22%a 1 ~o
= p+ 5o, oy Ty + o, Yt (17)
where 0 = 7, + my and §? = G + m] are noisy observations of output and inflation with

measurement errors (mJ,my) that satisfy

22;@1 _ 1 225,3 _ 221'@1 22,%(1 1
—my + ————m = V22 —lous — 7y —:‘QO Ve = 1oqu. (18)

Spy 22/@7 22HP 1 Y
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While this implementation bears some similarities to existing work with exogenously
restricted information (e.g. Aoki, 2003), there are two key differences. First, the policy
maker’s information set is endogenously determined in our setting, and does not necessarily
have to contain yy and 7. Therefore, our model shows that it is indeed optimal for a
policy maker to use noisy indicators of output and inflation to set monetary policy, rather
than exogenously assuming that she does. Second, both the coefficients in the rule and the
measurement errors that contaminate the policy maker’s observations of output and inflation
are endogenously determined and linked to the optimal information allocation over demand
and supply shocks. This sheds light on how the informational trade-off affects monetary
policy implementation.

Proposition 4 shows that focusing more attention on demand shocks is associated with
the precise measurement and stabilization of output, while focusing more on supply shocks is
best implemented using the precise measurement and stabilization of inflation. As the policy
maker shifts her attention towards demand shocks, &, rises and &, falls, and the coefficient

on m}

in (18) decreases while the coefficient of m] increases. If the measurement errors
are independent, then the variance of m{ decreases while the variance of m] increases. At
the same time, the coefficient on output in (17) increases while the coefficient on inflation
changes ambiguously.!” Hence, an increased focus on demand shocks is associated with more
precise measurements of output relative to inflation, and a relatively stronger response of
interest rates to changes in output. Intuitively, we know from Proposition 3 that when the
policy maker pays more attention to demand shocks, she sacrifices some efficient supply-
driven output volatility to further reduce inefficient demand-driven volatility. These output
dynamics can be implemented by measuring output more precisely, and by raising interest
rates more aggressively in response to increases in output. In contrast, paying more attention
to supply shocks is associated with more precise measurements of inflation relative to output,
and a weaker (possibly even negative) response of interest rates to output. In this case, the
policy maker allows for more inefficient demand-driven output volatility to accommodate
more efficient supply-driven volatility. These dynamics can be implemented by increasing
interest rates in response to increases in more precisely measured inflation, which allows
the policy maker to offset demand shocks to some extent. This result offers a tentative
interpretation of the “price stability” objective of central banks around the world as an
implicit focus on supply factors over demand factors. Relatedly, the “dual mandate” present
in the Federal Reserve’s focus on both prices and employment may be interpreted as balancing
both demand and supply considerations.

Finally, we note that in the knife-edge case in which the policy maker devotes equal

1"The coefficient on inflation falls for a large enough increase (decrease) in x, (kq).
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attention to demand shocks and supply shocks, k, = k,, and the policy maker needs only to

respond to inflation in order to implement the optimal policy. In this special case, (16) shows

that inflation depends linearly on the path of efficient real rate deviations p; — az, and

=
so is a sufficient statistic for the necessary adjustment in monetary policy. Therefore, linear
dependence of the nominal rate on inflation is sufficient to implement the optimal path of
nominal interest rates. This result also offers an information-based interpretation of the well
known result that a Taylor rule with an infinitely large coefficient on inflation can implement
the efficient equilibrium with arbitrary accuracy. If we let k); — 0o so that k4, Kk, — 00
also, then r,/k, — 1 and the logic above applies: the coefficient on output tends to zero,
while the coefficient on inflation goes to infinity.'® In this sense, our implementation result

converges to the standard model as k), — o0.

3.4 Optimal Information Allocation

Having characterized the optimal monetary policy and the equilibrium dynamics, we can
now solve for the optimal information allocation (the first subproblem). To do this, it is

useful to note that the ex-ante expected utility loss is given by

1 02 1+ 2 o2
L(k,, kq) = 5 (22% + (1 —i—”w) S2ns | (19)

Minimizing (19) subject to k, + k, < ks yields the following solution.

Proposition 5. Under Assumption 1, the optimal information allocation satisfies

0 if 10g2( Ua/ap) < —K,
Kaq = -HM +1 10g2(1:w0a/0p) if 10g2(1+w0“/0p) (—=Fnr, o) (20)
KM if log, (175 HSD 50a/0p) 2 Kar,

and Kk, = Ky — K.

2
p

limited-information variances of demand and supply shocks, while ((1 + ¢)/(1 + v¢))?

2
and o

To interpret Proposition 5, it is useful to note that o are the policy maker’s
measures the welfare impact of an increase in the variance of supply shocks variance relative
to demand shocks. Therefore, the policy maker chooses her information allocation to balance
the gains from reducing demand shock variance against the gains from reducing supply shock

variance. Naturally, k, is increasing in the relative gain from reducing the variance of supply

18That kg, K, — oo when rp; — oo follows from Proposition 5.
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shocks. When this gain is large or small enough, we obtain a corner solution, x, = kp; or

ke = 0.

Equilibrium Determinacy Combining the optimal policy rule (17) with the Euler equation
(5) and New Keynesian Phillips curve (6) yields a three equation system. The following result
uses the determinacy of the system together with the optimal information allocation (20) to

establish when the optimal policy equilibrium is locally unique.

Proposition 6. Under Assumption 1, the optimal equilibrium uniquely implementable when

1 1+vpo0, p 14+ ¢ o,
ky > lo _——+ | —+ — . 21

Similar to the textbook New Keynesian model, determinacy holds when the coefficients
in the policy rule are large enough, thus ruling out self-fulfilling sunspot equilibria. In our
setting, this condition holds when the policy maker’s information processing capacity is large
enough to guarantee that the policy maker can track changes in inflation and output with
sufficient accuracy. This ensures that the nominal rate responds enough to rule out sunspot
equilibria. For example, a large enough kj,; guarantees that the real interest rate increases
in response to inflation, which rules out equilibria in which an increase in inflation driven by

a sunspot is supported by a fall in the real interest rate and an increase in output.'”

4 The Case of Persistent Shocks

We now relax Assumption 1 and return to the case of persistent shocks. We highlight the
key analytical differences when aggregate shocks are persistent, and also discuss the impact

of transitional learning dynamics.

4.1 Equilibrium Dynamics and Existence

When aggregate shocks are persistent, equilibrium dynamics can change qualitatively from

thei.i.d. case. Furthermore, the equilibrium may cease to exist. To shed light on these issues,

19This stands in contrast to the generic indeterminacy result in Lubik et al. (2019). In their setting,
the imperfectly informed central bank obtains noisy signals about inflation, and there is a complementarity
between the Taylor rule’s response to inflation and the central bank’s Kalman gain. Intuitively, if the
central bank stabilizes inflation successfully through a strong response to perceived inflation, the smaller the
signal-to-noise ratio, and the central bank’s inflation beliefs respond less to signals.
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we show in Appendix B that the equilibrium dynamics of the output gap and inflation under

the optimal monetary policy satisfy y; = ¢, 0t + Coyr and m = ¢, pr + €4z Where

N . . 0, . 1 1 228 —1
pr = Enepe — pr = 222,, Pt—1 — QQ_HPU”ep’t + 32y D2y 52 o 5 0pUt, (22)
. R . 0a - 1 1 226 —1
ay = ]EM,tat — Q= 22—"%&15,1 — 22—'%0'@6(17,5 + %ma'a?}t (23)

are random variables that measure the gap between the policy maker’s expectations and the
realized values of demand and supply shocks. Furthermore, the coefficients are now nonlinear

functions of the information allocation:

Coy = 7 p 5 — (24)
(1-5%) (1 - thatss) —veuss
1 b, 1+
. ’Y(l—myna) ﬁ(l—éa) .
ay 1 5a R >
( 22.‘1(1) 1+p 922Ka Vgpy 2214(1
Cp’ﬂ— = — ,yspy ) (26)

0p
<1 - 221{;7) <1 - Fp22/{p) ’Ygoy 22Np

1
Yyt (1= da)

Cor = .
(1 - 22na) (1 - szg_na> 7901;2%@

(27)

Given these dynamics, it is sufficient to examine the responses of output and inflation to
persistent supply shocks (an analogous argument applies to demand shocks and endogenous
monetary policy shocks). The impulse responses of the output gap and inflation to a unit

supply shock that hits in period t are given by

oo T (L= 62) (1= 8,/ (14 )

gt-f—s = T 5ok N < Sfm <28)
2% (1= ba /(1 + p))( — 0a) = VPyla
_ Ua'VSOy 1+’YSD <1 50') s 29
7Tt+$ - 2250, < a ( )
(1= 8a/(1+ p))(1 = 0a) = 7040
for s > 0, where 0, = 0a/2%% € [0,1) governs the persistence of the response, and is

decreasing in the information allocation choice variable k,. Intuitively, as the policy maker
allocates more information capacity to supply shocks, the persistence of supply-driven output

gaps and inflation declines. When 9, = 0, the responses simplify to Proposition 3.
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The crucial term in these expressions is the denominator function
P(6a) = (1= ba/(1+ p))(1 = 8a) = Y00 (30)

P is a decreasing function of §, over its domain d, € [0,1). Note that in the ii.d. case
P(0) = 1. Furthermore, there exists a d, € (0,1) such that P(dy) = 0 given by

o L) g =/ () 30— 4/ 4 9)
" 2/(1+p)

There are then three cases to consider. First, suppose 0, < 8y or equivalently P(Sa) > 0.
Then, equilibrium dynamics resemble a persistent version of the i.i.d. case in Proposition 3.
Notice that the dynamics become more volatile as 0, increases and P(Sa) approaches zero.

Second, suppose d, > dp so that P(Sa) < 0. In this case, the equilibrium dynamics switch
sign so that output gaps and inflation respond positively to increases in supply. Therefore,
if 0, and dy are close, a small change to the information choice k, can drastically alter the
way in which the economy responds to persistent aggregate shocks (switching between the
first and second case).

Finally, when 0, = dy, P(d,) = 0 and 1/P(J,) is undefined. As such the responses (28)
and (29) do not exist. Since b, depends on the information choice variable k,, the policy
maker must take this possibility of non-existence into account when choosing the optimal
information allocation. Note that 0y € (0,1) for all p,v,¢, > 0 so that non-existence is a
general feature of the economy.

To understand the source of these effects, use (28) and (29) to write the Euler equation
(5) in the form

dg YT — (1 - 5a)ﬂt =7 (Lt - 7’:) ) (31)

which shows how the size of §, determines whether changes in the interest rate gap ¢ — r}
driven by supply shocks transmit mainly to inflation or output gaps. When &, is large, Oa
is close to zero. In this case, (31) approximates to g, ~ —v (¢; — r}), so that the output gap
(and current inflation by the New Keynesian Phillips curve (6)) decreases in response to the
rise in the interest rate gap ¢, — r; driven by a positive supply shock.?® As Oa increases,

1y — 17 rises more in response to the shock, the weight on the output gap term in (31) falls,

29Tn response to a positive supply shock, the monetary authority’s expectation of the supply shock,
Eps 4 [a¢], increases. However, under rational inattention, the rise in her beliefs is less than the true rise

_ 1t
1+v¢

of a;. Therefore the change in the interest gap, Ay, —r}) = A ( [Enr [ae] — &t]), is positive.

22



while the weight on the inflation term increases. In equilibrium, the size of the negative
output gap response must therefore increase, resulting in more volatile dynamics. However,
because more negative output gaps induce higher deflation, as Oa approaches 8o from below,
the negative inflation term eventually dominates and the equilibrium ceases to exist.

When £, is small, d, is close to unity. In this case, (31) approximates to m; = %, SO
that there is inflation, and hence positive output gaps in response to a positive supply shock.
As 6, decreases, 1, — r; rises less in response to the shock, the weight on the negative output
gap term rises, while the weight on the positive inflation term decreases. In equilibrium, the
size of the inflation response must therefore increase, resulting in more volatile dynamics.
However, because more inflation comes with larger positive output gaps, as 8, approaches
b0 from above, the negative output gap term eventually dominates and an equilibrium no

longer exists.

Optimal Information Allocation Using the equilibrium dynamics, we can compute the

ex-ante expected utility loss when aggregate shocks are persistent,

2 2
(2 & 2 9p 2 & 2 Oq
L(“P’ Ka) = (vay + 1/'y+gocpa7f> 92k, _ 52 + <Ca,y + 1/w+gocaﬂr) 9260 _ 52’ (32)
P

a

which is minimized subject to k, + £, < ku, where we recall from (24) to (27) that the
coeflicients (¢, y, Cay, Cpxs Cax) are nonlinear functions of the information allocation. Given

the intractability of this minimization problem, we study its numerical solution in Section 5.

4.2 Transitional Learning Dynamics

We now relax the assumption of a steady state information structure, and discuss how
transitional learning dynamics affect our results. We first fix an information allocation
(Ka, k) and show how the policy maker updates her conditional expectations and variances
about demand and supply shocks over time starting from some initial priors Vi _1[ao] and
Viar—1[po]. We then derive the household’s utility loss and show that transitional dynamics

do not strongly affect the optimal information allocation choice itself.?!

Optimal Expectations and Variances Let ¥,; 1 = Vi1 [a:] denote the policy maker’s

variance of period ¢ supply shock, conditional on her information up to period t — 1. We

21A further extension would be to allow the information allocation to vary over time too. Miao et al.
(2019) and Afrouzi and Yang (2020) develop theoretical and numerical methods to solve rational inattention
problems with time-varying information allocations in the absence of expectational difference equation
constraints such as (5) and (6). Extending their methods to our setting is left for future research.
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show in Appendix B that her expectation and variance follow the laws of motion

92kq 92ka

. 1 . Oa . V22%ka — ]
Enrt [ad] = (1 — 22%) at + ——Epri-1 [-1] + ———/ Zat—101, (33)
Yot = 522 2ha Yat-1+ o2, (34)
where ¥, _; > 0 is given and v; is an ii.d. standard normal random variable that is

independent of all other shocks. Note that setting 6, = 0 returns the case of i.i.d. shocks
studied in Section 3. Applying the same steps to demand shocks yields

R 1 ~ 1) . V2260 — 1
Enrt [pt] = <1 — %) Pt + ?—ZpEM,t—l [pe—1] + TV 2 t—1Ut, (35)
St = 0275, 1 + 0o, (36)

where X, _; > 0 is given and u, is an i.i.d. standard normal random variable.

The key difference relative to the steady state case is the time variation in ¥,; and X,
which affects the variance of policy maker errors or endogenous monetary policy shocks in
(33) and (35). In particular, assuming that the initial prior variances are larger than the
steady state variances ¥, = o7 /(1 — 972 /2*%) and X, = 07 /(1 — &7 /2%*), the variance of the
policy maker’s errors declines along the learning transition path with the size of the decline

depending on the gaps ¥, -1 — X, and X, 1 — X,.

Optimal Information Allocation To derive the optimal information allocation, we show
in Appendix B that the equilibrium dynamics of output and inflation governed by (5) and (6)
are unaffected by time variation in 3, and ¥,; due to the linearity of the equations which
rules out higher order effects. We exploit this convenient property to derive the following

ex-ante expected utility loss,

_ 2
L(I{p’ /{a) — <62 + £ 2 > (1 B) Ep,—l + ﬁap + < 2 i ¢ 9 > (1 — ﬁ) Ea7,1 + ﬁgg

0,y T te Cp,ﬂ' 92k, _ 55/2) a,y 1/v+o Ca,ﬂ' 92Ka _ 663 )
(37)

which is minimized subject to Kk, + K, = k. In the limit as § — 1, or if ¥, 1 = 3,
and X, _; = X,, we recover the steady state utility loss (32) as expected. Outside of these
cases, comparing (37) and (32) shows that the the optimal information allocation accounts
for transitional learning dynamics through the initial prior variances ¥, _; and X, _; with
weight 1 — (. Intuitively, when the initial prior variance of a shock is larger, the policy maker

optimally increases her allocation of information processing capacity to that shock in order
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to learn more quickly about it. However, since the discount factor g is close to one under
standard calibrations, the effect of the initial prior on the optimal information allocation
will be small. Therefore, allowing for transitional learning dynamics does not fundamentally

affect the key insights from the model with steady state learning.

5 The Macroeconomic Effects of Information Frictions

We solve the model with persistent shocks numerically, and use it as a lens to study how
improvements in policy makers’ information processing capabilities have affected notable
macroeconomic trends over the period 1970Q1-2019Q4. The Federal Reserve’s processing of
information has improved over this time as evidenced by increased accuracy of the Federal
Reserve Greenbooks’ nowcasts and forecasts of inflation and output (Tulip, 2009). To
examine the connection between this improved information processing and macroeconomic
outcomes, we describe the empirical patterns, and then compare them to model outcomes
for an increasing sequence of k), values, which captures improvements in policy makers’
information processing in a simple manner. This experiment complements Mackowiak and
Wiederholt (2015), who study how changes in the monetary policy rule affect macroeconomic

volatility when the private sector faces informational constraints.??

5.1 Empirical Trends

Through the lens of the model, if the Federal Reserve’s capacity for information processing
has increased, we would expect to see a decrease in the volatility of monetary policy shocks.
To test this empirically, Figure 1a plots the standard deviation of Romer and Romer (2004)%
monetary policy shocks over a backward-looking 20-year window. The data is quarterly and
ranges from 1969Q1 to 2007Q4. Indeed, the standard deviation of monetary policy shocks
has materially declined over time. Relatedly, Smets and Wouters (2007) provide a historical
decomposition of GDP growth and inflation into productivity, demand, monetary policy,
and markup shocks. Consistent with our model and an increase in the Fed’s information
processing capacity, they find that the contribution of monetary policy shocks to GDP growth

and inflation has declined over time.

22To compare outcomes across models with different processing capacities, we assume that the policy
maker’s history is revised to reflect improvements in information processing when kj,; increases. This
captures the data revision process that occurs in reality at modern central banks, and simplifies the analysis
by obviating the need for transitional learning dynamics. Our approach is comparable to that taken in
Mackowiak and Wiederholt (2015).

ZWe rely on Wieland and Yang (2020) who extend the monetary policy shock time series using the Romer
and Romer (2004) approach.
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Next, let us investigate the empirical trends in output (HP-filtered log real GDP),
inflation (HP-filtered core CPI inflation), and the federal funds rate. Data are quarterly
over the sample 1970Q1 to 2019Q4. Figures 1b, 1c, and 1d plot rolling standard deviations
using a backward-looking 20-year window. There has been a consistent downward trend in
the standard deviation of all three variables.?* This decline in volatility is often referred to
as the Great Moderation, and a variety of reasons have been put forward to explain it such
as structural changes (e.g. business practices, technology), improved monetary policies, and
good luck. Through the lens of our model, we argue that the decline in volatility of these
macroeconomic variables is the result of increased information processing capacity of the
Federal Reserve.

Lastly, the correlation between inflation and real activity has weakened, which is associated
with a flattening of the Phillips curve. Figure le plots the slope coefficient from regressing
inflation on output over a rolling window of 20 years.?> After the early 1980’s the relationship
between inflation and real activity has diminished. This is, in part, why some have declared
the Phillips curve dead (Hall, 2013). We argue that this trend can in part be attributed to

improvements in information processing by the central bank.

5.2 Model Calibration

Parameter Value Target Data Model
dq 0.951 AC(9) 0.871 0.812
Oq 0.005 SD(y) 0.015 0.018
dp 0.644 AC () 0.336 0.364
op 0.006 SD(m) 0.015 0.011
Ky 0.844 Cov(g,m)/V(9) 0.233 0.228

Table 1: Parameter calibration. Other parameters are set in line with the
New Keynesian literature (e.g. Gali, 2015).

We set the parameters governing preferences and technology in line with the vast New
Keynesian literature (e.g. Gali, 2015). We set the elasticities of intertemporal substitution
and labor supply to unity, v = ¢ = 1, and the discount rate to p = 0.01, consistent with a

steady state annual real interest rate of 4%. The elasticity of substitution among intermediate

24The Great Recession did see a mild increase in output and fed funds rate volatility. However, the
standard deviation of both did not increase to the level seen in the samples ending in the late 1900s.

25The original Phillips curve was the empirical relationship between inflation and unemployment; however
the relationship has been extended to use a variety of measures of real activity. We use log output as it can
be easily tied to the model.
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Figure 1: Empirical moments. A rolling window of 20 years is used and the
estimated moment is plotted at the end of the sample window. Output is
HP filtered log real GDP. Inflation is HP filtered core CPI inflation. The
dotted lines represent a 95% confidence interval. Data are from FRED and
range from 1970Q1 to 2019Q4, with the exception of panel (a) whose data
are from Romer and Romer (2004) and Wieland and Yang (2020) and range

from 1969Q1 to 2007Q4.
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goods is ® = 6, which implies a steady state mark up of 20%. Finally, the price-stickiness
cost is set to & = 50, which implies the slope of the New Keynesian Phillips curve is 0.2.
Table 1 summarizes the calibration of the remaining parameters governing the exogenous
shock processes and the information processing capacity, which we set to target 5 summary
statistics from our sample: the standard deviations and autocorrelations of output and
inflation, and the slope coefficient from a regression of inflation on output. Intuitively,
information processing capacity determines the co-movement between output and inflation,
while the exogenous shock process parameters determine their standard deviations and
autocorrelations. To examine how changes in the policy maker’s information processing
capacity impact macroeconomic outcomes, and to link to the documented empirical trends,
we then hold the other parameters fixed, and solve the model over a set of values for k,; €

K = [2r%,/3,4K%,/3], where k%, is the calibrated value. Over of this range, P(d,) > 0 and
P(Sp) > 0 so that equilibrium dynamics exhibit conventional co-movements. Furthermore,
endogenous monetary shocks account for no more than 25% of output volatility (Figure 5),

which is in line with Christiano et al. (2005).

5.3 Results

Ky 0.97 0.62 0.68 0.73 0.79 0.84 0.9 0.95 1.01 1.07 1.12

Kq 95 51 48 45 43 41 39 38 36 35 34
kp 45 49 52 95 o7 59 61 62 64 65 66

Table 2: Optimal information allocation, expressed as percentages of ;.
Note that k3, = 0.84.

Optimal Information Allocation Table 2 reports the optimal information allocation
(Ka, K,) expressed as percentages of £y, € K. At lower values of k), the policy maker divides
her total capacity approximately equally between demand and supply shocks. However, at
higher values, the split is strongly biased towards demand shocks, approching a 70% — 30%
split in favor ,. To understand this pattern, it is useful to note that in (32), o2 /(2% —4?) and
02 /(228 — §2) capture how the policy maker’s limited-information steady state variances of
demand and supply shocks directly affect the welfare loss. Given that our calibration implies
supply shocks are considerably more persistent, their variance is also larger. Therefore, the
policy maker should pay more relatively more attention to supply shocks to minimize the
welfare loss. However, note that the coefficients (c,,, ¢qr) that capture how supply shocks
affect output and inflation feature a (1—J,) term in the numerator, in contrast to the demand

shock coefficients (c,,y, ¢, ). The high value of §, therefore implies that supply shocks do not
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affect the output gap and inflation much. Intuitively, this is because very persistent supply
shocks have only a weak effect on the efficient real rate, as shown by (4). This effect implies
that the policy maker should pay relatively less attention to supply shocks. Numerically, we

find that as total processing capacity increases, the latter effect dominates the former.2¢
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Figure 2: Model moments as a function of xy;. SD is the standard deviation,
Cov is the covariance, and Var is the variance. The top row plots the
standard deviations of output growth and inflation. The bottom row plots
the standard deviation of the nominal interest rate, and the slope coefficient
from a regression of inflation on output growth.

Macroeconomic Trends Figure 2 shows how the four measures of empirical macroeconomic

volatility discussed above vary as we increase kj;. As the policy maker’s information

26Using the text of FOMC Minutes, we show in Appendix H, that policy makers consistently pay more
attention to demand factors than supply factors. This is consistent with x, > k, at our calibrated value
of k}; = 0.84. Furthermore, over time there has been a small increase in the use of demand-related words
relative to supply-related words. This is in line with our model’s predictions for a small increase in information
processing capacity.
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processing capacity increases, macroeconomic volatility and the strength of the co-movement
between output growth and inflation all decline. In particular, output volatility shrinks by
around 25%, while the strength of its co-movement with inflation declines by around 80%.
Given that the absolute levels of volatility and the corresponding declines match the data
well, an improvement in information processing capacity provides a parsimonious explanation
for the overall decline in macroeconomic volatility that we have documented. Intuitively,
as Ky increases, outcomes converge to their flexible price counterparts. Along this path,
macroeconomic volatility due to endogenous monetary policy shocks shrinks, leaving only the
volatility driven by fundamental demand and supply shocks. In addition, inflation dynamics

converge to zero, so that its co-movement with real activity also goes to zero.

Low Information Capacity — — High Information Capacity Flexible Price
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Figure 3: Impulse Response Functions of output and inflation to one
standard deviation demand, supply, and endogenous monetary policy
shocks. Responses are in percent deviations from steady state, and are
plotted at a quarterly frequency. Low kyr = 2k%,/3. High ky = 4k%,/3.
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Impulse Response Functions To see the how changes in k), affect the underlying
equilibrium dynamics, Figure 3 plots the impulse responses of output and inflation to one
standard deviation demand, supply, and endogenous monetary policy shocks. Solid curves
report responses when information processing capacity is low (ky = 2k3,/3), while dashed
curves report the responses when the capacity is high (k) = 4k3},/3). We also plot the
efficient response of output in the flexible price economy using a dashed-dotted curve. All
responses are plotted in percentage points for the first 8 quarters.

Consider first the low capacity case. In line with the analytical results, the output
response to demand shocks is significantly amplified relative to the efficient economy (recall
that efficient output does not respond to demand shocks at all). This increase in aggregate
demand then causes a significant positive response of inflation. In contrast, the equilibrium
response of output to a supply shock is dampened relative to the efficient response because
the policy maker’s limited information does not permit full monetary accommodation. As a
result, inflation falls. Finally, endogenous monetary policy shocks have large and persistent
effects on output and inflation driven by the policy maker’s persistent errors in tracking
demand shocks. Formally, in Appendix B we derive the following law of motion for the

policy maker’s steady state expectation of persistent demand shocks,

OpUt,

. 1. o . 127 —1
Earelir] = (1 B 22“ﬂ> ot 22211 Eare-t [pea] + 226p 925 — §2
p

which shows that policy maker’s mistakes u; persist at rate d,/2%%, which is decreasing in
kp. Therefore, errors are more persistent when information capacity is low.

Now consider how the responses change when the policy maker has higher information
processing capacity. The responses to both demand and supply shocks converge to the
efficient path much more quickly. In line with these results, the response to monetary shocks
are muted and also die away more quickly. Intuitively, high information capacity implies
smaller and less persistent mistakes in expectation formation.

Figure 4 plots the responses of real and nominal interest rates to the three shocks, in low
and high information capacity environments. When information capacity is low, the nominal
interest rate responds strongly to endogenous monetary policy shocks, but exhibits a muted
hump-shaped response to demand shocks. In combination with the positive response of
expected inflation, the real interest rate response to demand shocks is very muted on impact
before converging to its efficient response dictated by (4). These patterns are dampened
when the information capacity is increased. In both cases, the responses to supply shocks

are considerably smaller, consistent with their minor effect on efficient real interest rates.
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Figure 4: Impulse Response Functions of real and nominal interest rates to
one standard deviation demand, supply, and endogenous monetary shocks.
Responses are in percent deviations from steady state, and are plotted at a
quarterly frequency. Low ry = 2k%,/3. High ky = 4k3,/3.
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Figure 5: Forecast Error Variance Decompositions at a 20 quarter horizon
for different values of xj;.

Forecast Error Variance Decompositions Another way of visualizing the quantitative
impact of increasing ;s is to consider the forecast error variance decompositions (FEVD) of
output, inflation, and nominal rates into demand, supply, and endogenous monetary shocks.
We compute these decompositions at a 20 quarter horizon, and report them in Figure 5 as
a function of k).

Consider first the FEVDs of output. As k); increases, the fraction of variance explained
by supply shocks increases, while the fractions attributable to demand and monetary shocks
decrease. This pattern is consistent with the fact that output is driven only by supply
shocks in the efficient equilibrium. In contrast, the fraction of inflation variance explained by
monetary shocks increases as k), increases, mainly at the expense of demand shocks. Supply
shocks play a minor role in driving inflation variance. Finally, as x;; increases, the fraction
of variance in the optimal nominal interest rate explained by endogenous monetary shocks

naturally declines, while the fraction explained by demand shocks increases dramatically.
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Supply shocks play a negligible role in nominal rate dynamics. This pattern echoes the
optimal information allocation in Figure 2, where the policy maker pays relatively less

attention to supply shocks as k,; increases.

6 Extensions

We have conducted our analysis in a textbook New Keynesian model with endogenous

information acquisition. However, our key insights extend to more general settings.

Linear Marginal Information Cost Rather than impose an upper bound on total
information processing capacity kj;, we can assume that the policy maker incurs a utility
cost Ay(kq + K,) where Ay > 0 is the marginal cost of processing information (e.g. Miao

et al., 2019). Appendix D shows that our results are robust to this cost specification.

Random Walk Supply Shocks Our main quantitative result shows that persistent
supply shocks have a minimal impact on the efficient real interest rate, and so can be
optimally ignored by the policy maker. In Appendix E, we consider the extreme case of
this fact and assume that supply shocks follow a random walk (6, = 1). In this case, r} does
not depend on supply shocks at all. Hence the policy maker should focus all her attention

on demand shocks.

Mark Up Shocks A common shock also studied in the New Keynesian literature is a
direct shock to inflation, often referred to as a mark up or cost-push shock. As is well
known, such shocks create a trade-off for the policy maker even under full information since
she can no longer obtain zero inflation and zero output gaps simultaneously (Gali, 2015).
In Appendix F, we extend our model to include mark up shocks, and obtain results that
are analogous to the baseline case. Intuitively, the policy maker still chooses an optimal

information allocation to try and get as close to the efficient allocation as possible.
Alternative Information Cost Finally, in Appendix G, we show that our results are

robust to using the “neighborhood-based” information cost function proposed by Hébert and

Woodford (2020), rather than the mutual information cost function.
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7 Conclusion

Monetary authorities face significant uncertainty about the state of the economy, yet optimal
monetary policy is often studied in a full-information setting. We relax this assumption
and embed a rationally inattentive policy maker in an otherwise standard New Keynesian
model. The policy maker faces an information processing constraint that forces her to
tradeoff learning about supply and demand shocks. How the monetary authority allocates
her attention not only affects her expectations of supply and demand factors, but importantly
affects the dynamics of the macroeconomy. We show that it is optimal for the policy maker
to largely focus on demand shocks, since persistent supply shocks have limited effects on
the efficient real interest rate. Furthermore, our model shows that improved information
processing capabilities by a policy maker will reduce macroeconomic volatility and reduce the
empirical Phillips curve slope. This suggests the Great Moderation’s reduction in volatility
and flattening of the estimated Phillips curve, may be partially attributed to the policy
maker’s information improving, allowing her to more closely track optimal monetary policy

under full-information.
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A Model Details

We conduct our analysis in a New Keynesian model augmented to allow for endogenous
information choices by the policy maker. To cleanly isolate the effects of these choices
relative to the complete information benchmark, we follow Svensson and Woodford (2004)
and maintain full information in the private sector. This results in standard private sector
equilibrium conditions and implies that all departures from the standard model are due to

the policy maker’s information choices.

Households A representative household consumes a unit mass of final goods and supplies

labor in each period. She has preferences given by
00 1 t lel/'y N1+<p
E — L -t 38
0;(1+p> Ct(l—l/fy I+¢ (38)

where Cy = ( 01 cﬁ_l)/ ®dj)®/(®=1) is a consumption index over the unit mass of final goods,

and N, is hours worked. p > 0 is the discount rate while (; is an aggregate preference shock

whose law of motion is described below. ® > 1 is the elasticity of substitution between goods,

~v is the elasticity of intertemporal substitution, and ¢ is the inverse of the Frisch elasticity of
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labor supply. Note that the households’ expectation is the standard full-information rational
expectations operator.

In each period, the household faces the flow budget constraint
1
/ pjiCidi + By = PawyNy + P.Dy — BTy + (1 + 1-1) By (39)
0

where p;; is the nominal price of good j, B, is the household’s bond position, ¢, is the nominal
bond return, w; is the real wage, D, is real non-labor income, T} is a real lump sum tax, and
P, is the aggregate nominal price level. The household chooses paths of consumption of each
final good, labor supply, and bond positions to maximize her utility subject to the sequence
of flow budget constraints, an initial bond position B_;, and a no-Ponzi condition.

Optimization yields the demand curves and price index,

—® =5
o= (20 e m= ([ pora) (40)
YR Pt 12) t — 0 pjﬂf ] )

the consumption-labor trade-off

Ctl/va = Wy, (41)
and the consumption Euler equation
1+ Lt
E; [Appi————| =1, 42
{ mlﬂm} (42)

where m, = P,/P,_1 — 1 is the inflation rate and Ay = ﬁpcz—:l(Ct/CtH)l/” is the stochastic

discount factor.

Firms Each good j € [0,1] is produced by a monopolistically competitive firm operating

a constant returns to scale production function y;; = a:n ;. a; is total factor productivity

(TEFP), and is subject to aggregate shocks. n;, is the labor demand of firm j in period t.
Each firm chooses its path of prices to maximize the discounted sum of profits subject to

quadratic price adjustment costs (Rotemberg, 1982):

(e’ t 2
Djt vie & D
E A | 2y — (=1 w2t —2 [ 2 1) Y, 43
{prjr,lt?féo 0 § | | (Pt Yo — (1 — 7)) wy i ( ) t) (43)

t=0 s=0 Pji-1
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subject to

Yjt = (pj,t/Pt>_¢) Y (44)
pj,() = PQ. (45)

Here, 7, is a labor subsidy that is financed by the lump sum tax on households, and & > 0
is the Rotemberg price adjustment parameter.

As is standard, we focus on the symmetric equilibrium in which p;; = P, and y;; = Y}
for all j € [0,1]. In this case, inflation satisfies the firm first order condition, which defines

the New Keynesian Phillips Curve,
{m(l+m) =1—Q+ Q1 — 7)we/ar + B [Appammpa (14 mep1) Vi /Y (46)
The aggregate dividend in period ¢ is given by
Dt:Yt(l—(l—Tn)wt/at—&Tf/Z) (47)

Fiscal Policy The fiscal authority finances the labor subsidy via a lump sum tax on

households, and is subject to the flow budget constraint
PT,+ By = 1, Pwy Ny + (1 + 14-1) B4 (48)

where we have already imposed the bond market clearing condition. We note that Ricardian
Equivalence holds, so that the path of debt {B,}{°, will be indeterminate in equilibrium.
In order to fully offset the monopoly distortion in the equilibrium with flexible prices,
we follow the New Keynesian literature and assume that 7,, = 1/®. This guarantees that
monetary policy does not need to substitute for missing tax instruments, making the efficient
policy benchmark cleaner to interpret since price stability will prevail as the optimal policy

under complete information (Correia et al., 2008).

Aggregate Shocks We assume that the preference shocks and aggregate TFP follow
AR(1) processes in logs,

log ¢, = ¢ log (i1 + ocecy (49)
loga, = (1 — d,)loga + 0,logai_1 + oueqy (50)
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where e, ~ N (0,1) and e,, ~ N (0,1).%7

Market Clearing In the symmetric equilibrium, final good and labor market clearing are

given by

Cr = Yy(1 = ¢&m/2) (51)
Yi/a, = N, (52)

A.1 Log-Linear Derivations

We now use first order approximations to describe key features of the equilibrium conditional
on a path of nominal rates that describe the conduct of monetary policy. The following

analysis follows very closely the textbook exposition found in Gali (2015).

Flexible Price Benchmark In the absence of price-adjustment frictions (¢ = 0), monetary
policy is neutral, and the equilibrium is Pareto efficient. Optimal monetary policy will try
to attain this allocation when prices are sticky.

In order to characterize efficient equilibrium dynamics, we adopt a log-linear approximation
of the economy around its deterministic steady state in which (; = 1 and a; = a. Let
Uy =logY;” —logY denote the log deviation of efficient output from its deterministic steady
state value, and define 7} as the efficient real interest rate.

In the flexible price equilibrium, w; = a;. Combining with (41), (51), and (52), yields

;= 1};‘{’9@&,5. Log-linearizing (42), substituting y; = ¢, and defining p; = — (1 — &) log ¢,
we obtain r} = p+ﬁt—11f—7‘fp (1 —d,) ar. Note that p; follows an AR(1) process with persistence

0, = d¢ and shock variance o> = (1 — d¢)*0Z. Since p; is sufficient to characterize demand

shocks, we refer to p; instead of (; in the main analysis.

Sticky Price Equilibrium We describe the equilibrium with sticky prices (£ > 0) in
terms of deviations from the efficient benchmark. To this end, define 3, = logY; —logY as
the log deviation of equilibrium output, and denote y, = 9, — 9; as the output gap: the log
deviation of equilibrium output from its efficient level.
Log-linearizing (46) around the deterministic steady state yields
d—1

Ty = T (U}t - &t) + 1 j— IOEt [7Tt+1] . (53)

2TWe assume aggregate shocks are independent to clearly deliver the main insights for optimal monetary
policy. Correlated shocks would result in the monetary authority’s limited information about one shock to
effect her beliefs about both shocks.
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Use log-linear approximations of (41), (51), and (52) to substitute for @; and a; and obtain

®—-1/1 .
Wt:T ;‘HP Y +

T pEt [7Tt+1] (54)

so that ¢, = % (% + gp) . The Euler equation follows from log-linearizing (42) and substituting

for ¢, using v;.

B Solution to the Optimal Monetary Policy Problem

We begin by deriving the per-period household utility loss ¢;. Let

o NIt
U, = ! — 55

denote the undiscounted flow utility to the household in period t. A second order approximation

around the deterministic steady state yields

11 N
Uy~ U+C (ét (1+6) + = e, (1+&) - ﬂﬁf)

CVr NN 1,
+<1—1/7_1+<P> <Q+§Q)

Take a second order approximation of (51) to obtain ¢ ~ g; — %ﬂf Substitute for ¢; and n;

using this and log-linear version of (52) to obtain

1/1 . U 2 1+,
U, ~U+CH1 (—gwf -3 <§ + go) 97 + (14 @) iy + ay <1 + Q) - T‘pa,?)
Ol-1/v  Nl+e . 1., (57)
i (1—1/7 - 1+s0) (C”Ligt)
Now substitute using y; = 1}3;; a; and rearrange to get
v -t 1 " § .

where t.i.p. are terms independent of policy. Therefore, the per-period undiscounted utility
1 £
b= |7+ —> 72
T2 (yt Ly+e™
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Optimal Discretionary Monetary Policy and Proof of Proposition 1 We now turn
to the choice of nominal interest rate ;. The policy maker solves

1 §
in —E jr+ ————7? 59
5B i+ g )

subject to

N 1
Tt = Pyt + FpEtﬂ-tJrl (60)

B — G = 7 (00 — Eemmpyn — 1) (61)
where E; 7,1 and E,y,., are taken as given by the policy maker. The Lagrangean is

1 ¢ 1
L=-E P2 S 24 — i — ——F
5 adt | i + 1/7_“07% + A1t (Wt Pyl — 7 p t7Tt+1)

+ Aot (Beler — G — 7 (10 — Eymrer — Tf))}

Noting that ¢, is measurable with respect to E;;;, the FOCs are

N 1 1
Yt — 5)\1,t90y - 5)\2,7: =0
& 1
_— X+ =0
U+t 20
EM,t)\Q,t =0
Ty = Qﬁyﬁgt + 1 T p]EtTrt—’—l

Eiyr — e = (Lt — Eymipq — 7’;)

Applying the policy maker’s expectation operator to each equation yields

5 1 1
EM,tyt - §(PyEM,t)\1,t - §EM,t>\2,t =0
3 E + 1E A 0
- T — —
1/7 o M T 5 M1t

Erider =0
5 1
Enreme = oy Enreye + mEM,tﬂ't-i—l

]EM,t:gt+1 - EM,t@t =7 (Lt - EM,tWtH - EM,H"D
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where we have used the law of iterated expectations (and the fact that the policy maker’s
information set is contained in the full information set) to simplify Ey/Eymip1 = Eppemesa

and Enr+E:yi41 = Epr¢Yeq1. This system has solution

En¥e = Eprgdiy = Epgme = Epr iAoy = 0 (62)
L = ]EM,tT: (63)

Hence the optimal policy is implemented using ¢; = Eysr;, thus proving Proposition 1.

Optimal Expectations In order to solve the rational inattention problem, we must first
characterize the equilibrium stochastic processes for g, m;, and ¢;.

We begin with the nominal interest rate, which we know satisfies

1+
L+9¢

te=p+Enrepr — (1 —6a) Enr ey

Because demand and supply shocks follow independent AR(1) processes, we can follow Miao
et al. (2019) and use the Kalman filter to evaluate the expectations. Formally, suppose
without loss of generality that the policy maker receives a signal of the supply shock s,; =
Giay + \/E_Zﬂfzt, where z; is a standard normal random variable that is independent of all
other shocks. The Kalman filter yields recursive expressions for the conditional expectation

and variance of a;:
n VM7t—1 [&t] Gy
GiVre ] + 224

Vs [ = !
MEEE T Warees [ad] + G2/2.,

IEM,t [&t+1] = 5aEM,t [dt]

Vit [ae1] = 02Vare [ad] + o

Enre [ae] = Epge—q [ (Gray + ze — GiEpr4—1 [G4])

To go from a signal structure (G, 3, ;) to the information allocation variable r,, we can
apply the definition of mutual information to obtain x, = % (logy Vari—1 [ae] — logy Vars [ar]) >
0 so that

Vire (@] = Vare—1 [a4] 9 e

22;4(1 1

Comparing these expressions for Vi, [a¢] shows that G?/%,, = Tl

Substituting

43



into the expression for Ey; [a;] and writing ¥,,_1 = Vass—1 [@¢] yields the laws of motion

22.‘-6@

R 1 Oa 22k — ]
EM,t [at] = (1 — 22’%) Qy + 2 ]EMt 1 [at 1] + Y \/ Z&t,lvt (64)

Yoy = 02272y 1 + o2 (65)

where v; is a standard normal random variable that is independent of all other shocks.

Applying the same steps to demand shocks yields

1 . 5 V2260 — 1
) P+ IEM:: 1o+ ——— V21w (66)

22k, 92k, N2k

St = 052725, 1 + 0. (67)

Enre [pe] = <1 -

where u; is a standard normal random variable that is independent of all other shocks.

Steady State Given an information allocation (k,, k,), the variances converge to X, =
i and X, =

Tt while the expectations follow the laws of motion

2

__ %

1—8§22—2Kp )
P

1 2% —1
22/@1 22na _ 52

. 1 O
B [Ge] = (1 - 22,%) a + Sar EMt 1 [a—1] + Ot

1 2% —1
22&,, Nkp 52

. 1 ) 3y
Ene [pr] = (1 - ) P+ EMt 1 [pe1] +

22Kp 92k, S2r, _ 5200

Equilibrium Dynamics Combining the optimal nominal interest rate with the expression

for r} yields an expression for the interest rate gap

. R R 1+ . .
v =1 = Enape — pr — T ;fp (1= 0a) (Ensear — ay)
which we can rewrite as
1
F= = —2 (1 =5 a
1+ ~vp

where

5, 1 V2% — 1
YV Ept 1U¢

pr = ]EM,tﬁt —pr= 92k, o Pt-1— 92k, S2m, OrCot + 22kp <68)
) A R 5(1 ~ 1 /22I§a —_ 1
ar = Eppay — ap = %at—l - 22_,€a‘7a€a,t + 92V Xat-10t (69)
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are random variables that measure the gap between the policy maker’s expectations and
the realized values of demand and supply shocks. Note that the persistence of mistakes is

decreasing in information capacity. We solve the equilibrium system

T = Py + T+ pEtWtH
Eeyr — e = (ft - Etﬂ'tJrl)
1
o= = —2 (1= 5 a
1+ ~vp

1 9
v (1 - m22ﬁp>

Coy = — ) ) 5, 5, (70)
- 22&,, - mQ — TPy
1 dq
v <1 - Fp?“a) I+ye (1—0a)
Cay = 5 (71)
(1 QQHE) <1 - Fp22/¢a) YPy 32ra 22l€a
5%
Com = — K 5, (72)
(1 - 22,%) (]. - m22np> IVSOyQchp
1Pyt (1 = %) (73)

Cam = 5 1 b,
(1 - 22:a) (1 - 1+P 22’$a> PygprZI{a

Note that the impulse responses of the output gap and inflation to a 1 unit supply shock are

S S
. ~ _ o 4, _ o 0
given by g1 s = — 555 Cay (2:a> sand Ty s = — 53 Can (2,;) .

Optimal Information Allocation We can now solve for the optimal choices of x, and

kq. Under the optimal policy, we have Ey; 57 = Vi, ; so that

~2 2 ~ 2 ~
En e = ¢, Varepr + ¢, Varea

2 2 ~ 2 ~
]EM,tﬂt = Cp,ﬂVM,tpt -+ camVM,tat

where p; = Enepr — pr and a; = Epreay — ap imply Vagepr = Vargpe and Vaggap = Vageay.
Hence

B0 —pr2 200Nt 1+C b2 2R S g -1

2 2kKq
EMﬂTt—C 2” “PZptl—l—c 27 1
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and the flow utility loss is

i 3 2} (2 3 ) > < 3 ) 2
E A — (S R 27y + T E— 277,
M7t|:yt 1//y_l_(pt 1/’7+§Dp’ p,t—1 1/7_}_90 t—1

The optimal information allocation solves

t 5 Kp 5 Ka
) ZB(( ) T e+ (et gprpe) 20

subject to

Kqg + Kp = KM
Sap = 02272Y 1 + 02
Yot = 522 QHPEpt 1 +O

where >, _; > 0 and X, _; > 0 are given.
Substituting in the laws of motion for ¥, and ¥, yields the simplified problem

1(02 P 2>(1—5)2p,1+502+%(2 L e 2)(1—6)Ea,_1+ﬂ02

min = c &
kpwia 2\ PY T Trte e 92k, _ 553 ay T T/yte am 22%a — 352

(74)

subject to Kk, + K, = Kk, which can be minimized numerically.

C Proofs for Section 3

The results in Section 3 follow from imposing Assumption 1 in Appendix B.

Proof of Proposition 2

Set 6, = d, = 0 in (64) to (67) and combine to obtain the expressions in text.

Proof of Proposition 3

Set 6, = 6, = 0 in (68) to (73) and combine with §; = ¢, ,pt + Co 0 +

Pt = 0p€p1, At = TuCqyt, Dipt = a ,and Y, = a under Assumption 1.

1/ + a;, noting that
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Proof of Proposition 4

We use the expressions for output and inflation to write

1+¢ . gt_%yﬂ't

and

1 1 [2260 — ] 22k 1 14+¢ [2%a«—1
A~ 02K 2K ~ 2K
Pt = 24" (1 — 22,{&) T%Wt + 2% —24"‘% agut + —221% ;yt — 2°Fe 1 i o 241% Ug’Ut

Substituting these into the equation for the nominal interest rate yields

22/@(1 -1 1 22:@, _ 22/% 1 1 + © 22na -1 225,) _ 1
. 2K 92k 2 2K 2
L = p+2°"r S5 ~ T+ ra ’Yyt 24k T %0@ / Sins o020 +274 | i, o5

Hence

Pre—1 1, PP,
ﬂ' fa—
22;{,1 ’Wpy t 22/% /yyt

Ly =p+ 2%
where
o i
T, = Ty + My
~0 _ A~ y
Yy = Yp + My

22/% _ 1 2250 _ 22/{a 221'@1 1
T My gy = Y V22 — louy =y jgp V22he — 10,0,

(py 22/@, 22/&,, 1 Y

Proof of Proposition 5

0'2 g,
Under Assumption 1, (74) simplifies to an expression proportional to £ (f:;fp) 22§a,
which must be minimized subject to x, + k, < k. The Kuhn-Karush-Tucker conditions

yield the solution.

Proof of Proposition 6

Rewrite the path of nominal rates as

2214(1 -1 1 N 22/{,, . 22/{,1 1
Tt —
22;@; ’7902/ 22/@,1 ~

22np o 22% 14+ © 1+ © 226a _ | 226, _ 1
ay — 2% \/ 29, + 2% [ T —— 2y
T L+yp 1+ ot Ja T otr, 0t
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Combining this with
i+ ——E, [ros1]
= —E, |w
t = PyYt 1+, t [ Tt41
1D [Qtﬂ] — U= (Lt - E, [7Tt+1} - 7":)

yields a three equation system. Following the steps in Gali (2015), and using Proposition 5,

this system is determinate when

<1+<p>(7
M 2 1—|—p<11+<p>0_ 1+p Y o,
+ye ) 7

D Linear Marginal Cost of Information

In our baseline analysis, we assume that the policy maker has a fixed total information
processing capacity kj;. An alternative is to assume instead that the marginal cost of
information processing is fixed. In this case, the total cost of an information allocation
(Kp, Kq) is given by (In2)Ay (K, + Kq) where (In2)Ap; > 0 is the marginal cost of information
processing and In 2 is a convenient scaling factor.

Note that conditional on an information allocation, the equilibrium dynamics are the
same as in the baseline model. Therefore, focusing on the case of i.i.d. aggregate shocks for

simplicity, the optimal information allocation solves

1 0,2) 1+ 2 o2
mln—<2%p+( ) 2 + (In2) Aps (K + Ka)

Kp,KRa 2 1 “I'_ ’7()0

The optimality conditions are

1 o’
K, = max {5 log, ﬁ,O}

2
14+ 02
I+yyp a

0
AM ’

1
Kq =max{ 5 log,

In this solution, the policy maker pays attention to a particular shock when the marginal
cost of processing information is small enough relative to the marginal benefit, measured by
the welfare volatility created by the shock itself. If A\, is high enough, then the marginal
benefit of information is too small relative to its cost and the policy maker pays no attention
to either shock.
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2
When both x,, K, > 0, we can write k, + Kk, = <log2 os + log, (ﬁ) 02) — logy A,

1
2
so that defining k), = (log2 os + log, 11:7‘2 ) log, Ay yields

1 1 1+
K, = §IQM + §log2 <ap/ (1 —1—%0%))

Lo Lte
Rqg = =R =~ 10 Ua
"M T8\ T,

which is the same solution as the baseline case. Hence, for any Ay such that k,,k, > 0,

there exists a kj; such that both cost formulations have the same solution.

E Random Walk Supply Shocks

Our baseline model assumes that supply shocks follow a stationary AR(1) process in logs.
An alternative is that supply shocks follow a random walk process, so that (50) is replaced
by log a; = log a;—1 +04€44, where e, ~ N(0,1). To ensure labor supply remains stationary,
we restrict attention to log utility by setting v = 1. The rest of the model is unchanged.

The flexible price allocation is described by Y;* = a; and N; = 1. Log-linearizing the
Euler equation yields the efficient real interest rate, r; = p + p;, which does not depend on
supply shocks since their effect on output growth is i.i.d. over time.

Following similar steps to the baseline case, the per-period utility loss due to sticky prices
is 4 = 3(7 + ﬁwf). The optimal monetary policy minimizes Ey;.¢; subject to (5) and
(6). As in the baseline case, the solution is ¢, = E; ;. However, since the efficient real
rate no longer depends on supply shocks, the policy maker should simply devote her entire

information processing capacity x,; to demand shocks.

F Mark Up Shocks

Let y ~ N(0,07%) denote an i.i.d. mark up (cost push) shock that enters the New Keynesian
Phillips curve, following Gali (2015). To maintain tractability, we drop TFP shocks, and

assume that demand shocks are also i.i.d. Hence r; = p + p;. The policy maker solves

1 §
in—E ~2 S 2
min S {yt + 77 7Tt:| (75)
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subject to

1
=, + —— 76
U’ @yyt+1+p tTer1 + My (76)
Etgt+1 — Y= (Lt - Etﬂ't+1 - 7’:) (77)

where E;m;.1 and E,y;,1 are taken as given by the policy maker. The Lagrangean is

1 2 §

1
L=-F > g2 — 0o — —F —
5 nt | Ui + 1/7+¢Wt + At <7Tt Oyt 1+, tT+1 Mt)

+ Aot (Eeferr — e — 7 (00 — Eymegn — 7’:))}

Noting that ¢; is measurable with respect to E;4, the FOCs are

5 1 1
Y — §>\1,t90y — 5/\2,1& =0

& 1
S AL =0
U+t 20
EniAa: =0
5 1
T = PyYt + e pEtWtH +

Efer1 — 0 = v (e — Bemppq — 77)

Applying the policy maker’s expectation operator to each equation yields

N 1 1
En s — ESDy]EM,t)\l,t — EEMJ/\Q,t =0

& 1
— K —EyiN =0
U+ MTt + o M ALY

EniAoy =0
- 1
Earsme = 0y Enriye + mEM,tﬂtH + Enrepee

EnrtGi1 — Enele = v (6 — Enpamisns — Engery)

where we have used the law of iterated expectations (and the fact that the policy maker’s

information set is contained in the full information set) to simplify EyEymip1 = Epyemess
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and Eps Ei9i11 = Erileq1. Simplifying yields

_ 3
Er 0 = — @y mEM,tﬂt

5 1
Ename = oyEnreye + ——Enimgr + Eprg i
1+p

En10e11 — Ene¥e = v (16 — Eppamesr — Epgary)

so that

LEM,H& + ——Em B mi1 + Enrgpee
1/y+e

Eppem = —9032; 1+p

Guess a solution of the form Ej;;m = c:Epr i1, and use the the fact that p, is i.i.d. to set

——L — so that

EnEnrir1pte01 = 0. Then we can solve for ¢, = o
b b SO

Y1/v+e
1
Enme = TEM,t/ubt
1+ PyT+e
€
. Pyirre
EM,t?/t = _%EM,#%
TPy 1/v+e

Substituting into the Euler equation yields the optimal monetary policy

1 @y%

R +

te=p+ Epepr + —% M tHt
i+ Pyi/rTe

Under perfect information, we recover the textbook monetary policy found in Gali (2015).

The remainder of the analysis is analogous to the case with TFP shocks.

Optimal Expectations When shocks are i.i.d., the policy maker’s expectations satisfy

Enre [pe] = (1= 1/2%)py + (V220 — 1/2°% )0y (78)
Enrelpe] = (1= 1/2%) e + (V220 — 1/2%% )0, (79)

where u; and w; are 1.i.d. standard normal random variables.
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The optimal path of nominal (equal to real) rates satisfies

w=p+(1- 1/22”9)@ + (V22F0 — 1/2%%) 0 ju
LR (1 12 (VI = 1/2 )0,

e 1+<P’J 1/’Y+<P

(80)

Equilibrium Dynamics The optimal paths for output and inflation are

i =2 = (VB =T/ 2o )
- IR 12 + (VI = /20,

1+LPU 1/’Y+<P

T = @yV(Pt/Q%p — (V2% — 1/22%)‘7;1“7&)
— L M(M 2% — (/22 — 1/2%%) g uw,).

2 2
I+ey 1/v+¢ I+ Py e

(81)

(82)

Implementation The optimal monetary policy can be implemented using the rule

¢ 1 2K 2_& 2K
Plgpyl/’Y—"ﬂP (1_22’{“),”0_*_1 2 p<1+90y1/7+s01/2 ”) _1 ?)o (83)
t
¢ 7 1+ szl/erSO

where 77 and gy are noisy observations of output and inflation that satisfy

1
/22 — 1
oo V2% — 1
yt - yt (22NP(1+<Py 1/’y+(p 1/22n#) B 1)

T =m+ oWy, (84)

OpUt. (85)

1
v 1+<,0y 1/’Y+<P

Optimal Information Allocation The ex-ante expected utility loss is given by

¢
1 £l o’ Ep2 1 AT

Lk, k) == |~*(1+ Y P41+ Y o2 86

i 1) = 5 7( 1/7+s0) 2% Yy+e2io ) 1y o Y

Minimizing this loss subject to x, 4+ x, < ks yields the following solution.
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Lot
; vt Tp
0 if 10g2 ’}/Ta S — KM
1/v+e
2 2
D A P | Ve T Wit o, e (— ) (87)
Kp = kM 51082 | 72y o 082 | 7V~ =0y o Kms kM
1/v+¢ 1/v+¢
£02
1_;'_17?/
: /[yte %p
KM if logy | V—<52 o > K
L 1/v+

and Kk, = Ky — Kp-

Equilibrium Determinacy The optimal equilibrium can be implemented uniquely when

1 o 5‘%’,2 P [3% 10
TPy (ﬁ) (1 + 1/#@) + (m + Wy) ey o

P Ep2
<1+p ™ 1/71s0>

Ky > logy (88)

G An Alternative Information Cost

Our benchmark analysis assumes that mutual information is a good model of the information
processing frictions faced by the policy maker. In this section, we show that our main
results continue to hold when we consider an alternative information cost function proposed
by Hébert and Woodford (2020). The authors propose a family of “neighborhood-based”
information cost functions. In contrast to mutual information, this family of cost functions
allows for the notion that certain subgroups of hidden states are easier to distinguish than
others. For example, it may be less costly for the policy maker to distinguish between
negative and positive shocks, than to distinguish between positive shocks of different magnitude.
Hébert and Woodford (2020) argue that this feature allows such cost functions to make
accurate predictions about behavior in perceptual experiments, where mutual information
cannot. In our linear-quadratic setting with normal shocks, we can use the result in Hébert
and Woodford (2020) that the cost function takes the form of the average Fisher information
to retain tractability.

Consider the case of i.i.d. aggregate shocks (impose Assumption 1). Applying the same
steps as before, it is straightforward to establish that Proposition 1 continues to hold, and
that the information constraint can be expressed as

1" Bare [ s ) + 17 (B [a] s ) < iy

~
-~ -~

F F
K’p R,

a
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where I is the average Fisher information cost function, and /{5 and k% denote the information
allocation under the Fisher cost.

We now use the result in Hébert and Woodford (2020) that when the underlying shocks
are normal, it is optimal for the policy maker to form normally distributed conditional
expectations.?® Given this, we can exploit the fact that the average Fisher information cost

generated by two scalar normal random variables X and Y is given by

FX:Y) /¢ ((8uy|x x>2/012/|Xz> 0

where piy|x—, is the mean of Y conditional on X = z, 052/‘ v, is the variance of Y conditional
on X =z, and ¢ () is the normal density function of X. Applying this result allows us to

compute the expectations (the analogous result to Proposition 2).

Proposition 7. Let Assumption 1 hold, and suppose that I* (Enry [a4] ;a0) = k5 and
IF (Epry [p1) 5 p0) = /if:. Then, the expectations satisfy

) kKE KE
]EM,t [at] = = =

kE + 1/o§at+ kE 4+ 1/02

F /<;F
/ﬁ?p R \/ "o

Pt + Uy
Kb +1/02 Kb +1/02

Enre [pe) =

where v, and u; are i.1.d. standard normal random variables.

Comparing this result to Proposition 2 demonstrates the key effect that the Fisher
information cost specification has on the equilibrium. Specifically, we see that an increase
in the variance of a fundamental shock increases the correlation between the policy maker’s
expectation of the shock and the shock itself, all else equal. This contrasts with the mutual
information case, in which the correlation did not directly depend on the variance.

This difference stems from the “neighborhood” feature of the Fisher information cost.
When the variance of a fundamental shock increases, it becomes less costly for the policy
maker to discriminate between nearby states at every point in the state space. Therefore,
for a given information allocation, the policy maker can make more accurate forecasts of the
current state in each period. Given these expectations, the construction of the equilibrium
follows the same steps as before. As a result, the main qualitative features are unchanged

from the mutual information cost model. The economy features stochastic fluctuations

28Technically, Hébert and Woodford (2020) show that the optimal signal structure with be normal, which
implies that the updated expectations will also be normal.

o4



driven by endogenous monetary policy shocks. The optimal equilibrium can be implemented
using a Taylor rule based on noisy observations of output and inflation, and it may not be

determinate.

H Federal Open Market Committee Text Analysis

In this appendix, we present a text analysis of the Federal Open Market Committee’s
(FOMC) Minutes to assess how policy makers weigh supply and demand considerations
in their decisions. First, we demonstrate that the FOMC discusses demand and supply
factors separately and devotes a notable fraction of words to these considerations. Second,
we find that the word ‘demand’ and other demand-related words are consistently used more
frequently than the word ‘supply’ and supply-related words. This is consistent with our
model’s calibration where 59% of information processing capacity (k}, = 0.84) is optimally
allocated to demand factors and the remaining 41% is allocated to supply factors. Third, we
find demand-related terminology has modestly increased relative to supply-related terminology
over time. This is consistent with a small increase in the central bank’s information professing
capacity in our model. We begin with an overview of the text compiled and then present
the text analysis.

Today, the FOMC publishes the Minutes of the FOMC Meeting which lists the attendees,
results of all votes, and summarizes the issues discussed at the meeting. However prior to
1993, there were two documents that summarized FOMC meetings: Minutes of Actions and
the Record of Policy Actions. The Minutes of Actions included a list of attendees and a
summary of final actions and votes; whereas, the Record of Policy Actions contained the
details of the discussions at the meeting (Danker and Luecke, 2005). Therefore to maintain
a consistent comparison across time, we collect the Record of Policy Actions and Minutes
of Actions prior to 1993 and Minutes of FOMC Meeting from 1993 onwards.?® We will now
refer to these documents as simply the ‘Minutes’.

After compiling the Minutes, we remove the standard 179 stop words as identified in
the Natural Language Toolkit package for Python. Examples of the 179 stop words include
‘and’, ‘he’, ‘she’, ‘what’, ‘this’, ‘that’, ‘the’, and ‘we’. We then create a list of the 1,000 most
commonly used words in the Minutes, and manually classify each word as being demand-
related, supply-related, or neither. The following words were tagged as being demand-

related (listed in order of decreasing frequency): consumer, spending, sales, demand, housing,

29Note that in 1976 the Record of Policy Actions began to include a more detailed discussion on economic
and financial conditions, member perspectives, and the overall document doubled in length (Danker and
Luecke, 2005). Therefore, our analysis begins in 1976.
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purchases, mortgage, construction, retail, services, motor, household, expenditures, starts,
vehicles, confidence, sentiment, home, homes, households, residential, orders, demands,
purchase, savings, family, consumption, stocks, vehicle, stimulus, durable, auto, individual,
wealth, mortgages, incomes, consumers. Supply-related words were determined to be: energy,
production, investment, sector, industrial, equipment, manufacturing, oil, firms, inventories,
inventory, businesses, sectors, utilization, industries, productivity, capacity, supply, shipments,
producer, weather, commodities, industry, commodity, materials, software, wholesale, supplies.
Given the subjective nature of this allocation, we include analyses not only on the identified
demand-related and supply-related words, but also on the use of the exact words ‘demand’
and ‘supply’. The ‘demand’ and ‘supply’ measure is objective; however, in our view is too
restrictive and excludes commentary that is clearly describing demand and supply factors
while bypassing the words ‘demand’ and ‘supply’.

The results of the text analysis are presented in Figure 6. Panel 6a plots the frequency
of words ‘demand’ and ‘supply’ being used, while Panel 6¢ plots the frequency of the
aforementioned demand-related and supply-related words. Panel 6b plots the use of ‘demand’
or ‘supply’ as a percent of ‘demand’ and ‘supply’; whereas, Panel 6d plots the use of demand-
related or supply-related words as a percent of demand-related and supply-related words.
The lines in Panel 6b sum to 100, as do those in Panel 6d, and could be viewed as an
empirical counterpart to the information allocations presented in Table 2.

First, the annual average of the use of the words ‘demand’ and ‘supply’ are 48 and
10, respectively. When including all demand-related and supply-related words, the annual
average of counts increase to 829 and 556, respectively. Is this a large fraction of words?
To get a sense, we calculate the annual average of the share of all words (after removing
stop words) that are ‘demand’; ‘supply’, demand-related, and supply-related to be 0.03%,
0.17%, 2.79%, and 1.91%, respectively. That is, for instance, the average of demand-related
words as a fraction of all non-stop words is 2.79%. At first glance, these may appear small;
however, remember that these values are a percent of all non-stop words in the Minutes. In
this light, the dedication of discussion to demand and supply factors is quite large. This
suggests that the FOMC is not learning about the optimal real rate directly, but paying
attention to demand and supply factors independently.

Second, notice that the FOMC devotes more attention and discussion to demand conditions
than supply conditions. The dominance of demand over supply in the FOMC’s consideration
holds across all measures used and every year. Furthermore, this empirical fact is consistent
with our model’s calibration which found that 59% of information processing capacity
should be allocated to demand factors and the remaining 41% allocated to supply factors.

Interestingly, the annual average over the sample of the percent of demand-related words
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and supply-related words is 60% and 40%, respectively, aligning well with our calibration.?
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Figure 6: FOMC text analysis. From 1976 to 1992, the Record of Policy
Actions and Minutes of Actions are included. From 1993 to 2019, only the
Minutes are used. Panel 6a plots the frequency the words ‘demand’ and
‘supply’. Panel 6b plots the use of ‘demand’ or ‘supply’ as a percent of
the appearances of ‘demand’ and ‘supply’. Panel 6¢ plots the frequency
of demand- and supply-related words. Panel 6d plots the use of demand-
or supply-related words as a percent of demand- and supply-related words.
Demand- and supply-related words were identified by manually classifying
the most commonly used 1,000 words as demand-related, supply-related, or
neither. All stop words (e.g., and, a, an, the, was, etc.) were removed from
the analysis. Data are collapsed to the year.

0

Third, there has been a slight increase in the discussion of demand-related factors relative

to supply-related factors. Splitting the sample in half at 1998, the annual average of demand-

39The annual average of the percents of ‘demand’ and ‘supply’ are 84% and 16%, respectively.
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related words as a percent of demand-related and supply-related words rose from 59% to
61%. And, the annual average of supply-related words as a percent of demand-related and
supply-related words fell from 41% to 39%.3! These are small changes, but are directionally

consistent with an increase in information processing capacity through the lens of our model.

31Using the more restrictive measure of ‘demand’ and ‘supply’ mentions only and splitting the sample at
1998, the mentions of ‘demand’ as a percent of ‘demand’ and ‘supply’ mention fell from 86% to 83% and the
‘supply’ mentions as a percent of ‘demand’ and ‘supply’ mentions rose from 14% to 17%.
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